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ABSTRACT

This work serves as a compendium of anatomical resources
upon which a companion phylogenetic analysis of Aves and re-
lated Theropoda (Avialae) was based (Livezey and Zusi 2006).
Following a brief historical overview of avian anatomy and avian
systematics, the rich published literature pertinent to these topics
is classified chronologically and geographically. The former also
was organized with respect to eras of predominant methodologies
in avian systematics, with an emphasis on recent paleontological
finds bearing importantly on the origins of modern birds (Neor-
nithes). This was followed by an exposition on the theoretical and
abstract underpinnings of morphological characterization for pur-
poses of phylogenetic reconstructions (to be published sepa-
rately), with aspects of analysis for phylogenetic inference (e.g.,
tactics for employment of currently available software, ordering,
criteria for optimization of trees) considered elsewhere.

The principal contribution of this exposition is a listing of
characters and states manifesting what was inferred to hold prom-
ise with respect to phylogenetic or historical signal. In total, 2,954
anatomical characters were defined—2,451 osteological, 256 myo-
logical, and 247 miscellaneous—of which 981 (approximately one-
third) were multiple-state (i.e., comprised three or more states),
the latter including 537 characters treated as ordered. Biblio-
graphic provenance for characters was provided, where possible,
but exact equivalence of characters and states among workers was
seldom feasible. In many cases, previously published characters
were listed on the grounds that these pertained most closely to the
structure or complex at hand in the present study, and that such
listings provided at least a historical grasp of the magnitude of
prior usages of a given character. We also summarized, to the
extent feasible, previously published characters for which inclu-
sion in the present work was judged to be unreliable or lacking
sufficient clarity.

In addition to the descriptions of characters, a limited series of
figures are provided, in no small part to ameliorate the challenges
posed by new terms and formal anatomical nomenclature. We are
adherents to nomenclatural formalism (Livezey and Zusi 2001) in
anatomical contexts sensu the ICAAN (International Committee
on Avian Anatomical Nomenclature; Baumel 1993). Le., we con-
sider that characters and states—implicitly proposals of homol-
ogy—warrant clarity with respect to surrounding text in the same
sense that binomial taxa—i.e., as hypotheses of historical lin-
eages—are subject to formal conventions.

Finally, literature cited herein is listed, as a work of this kind
is impossible without access to the wealth of information and
insight provided by such a resource. As this literature is integrated
by citation with the descriptions of characters, it is hoped that the
bibliography will lessen the challenges posed by a deep, multilin-
gual, and variably technical literature for systematists using these
descriptions. The dimension of the character matrix also led us to
enclose a CD of the data set in the present work to assist those
seeking to improve, append, or refine our efforts.

A phylogenetic (cladistic) analysis of these data will appear
separately (Livezey and Zusi 2006). Soon thereafter a collabora-
tion with an unparalleled compilation of molecular data (i.e.,
DNA sequences) and confirmatory paleontological data is
planned to conclude with the publication of a total-evidence
analysis of avian phylogeny under the auspices of the NSF “Tree
of Life” program, one to encompass extant birds (Neornithes),
avian relatives from the Mesozoic (outgroups), and nonavialian
fossil taxa from the Mesozoic (“deep” outgroups).

KEY WORDS: Arthrology, Aves, Characters, Integument, Mor-
phology, Myology, Neornithes, Osteology, Pennation, Phyloge-
netics, Theropoda
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INTRODUCTION
Background for Compendium and Companion Analysis

EPISODES OF AVIAN SYSTEMATICS

Osteology, like much of comparative anatomy,
has been the subject of comparably intense study
throughout the history of ornithological systematics,
and led to a long-standing, virtual monopoly of
anatomy for diagnoses of avian taxa (Coues 1872,
1927; A. Newton 1893, 1894, 1895, 1896; Holmgren
1955; Short 1976; Van Tyne and Berger 1976). Nev-
ertheless, within five years of the publication of the
classic work by Darwin (1859), Wallace (1864) was
moved to note the value of osteology for ornitho-
logical systematics. A century later, E. Mayr (1955)
was critical of the progress in phylogenetics of Pas-
seriformes, and Stresemann (1959) lamented the fail-
ure of comparative anatomy to resolve higher-order
relationships of birds. The latter sentiments were to
be echoed by systematists to the present day (Paton
et al. 2002; G. Mayr et al. 2003; Sorenson et al. 2003;
Chubb 2004; Dyke and van Tuinen 2004).

Many systematists averred that birds, purportedly
constrained by the requirements of flight, would
manifest little anatomical variation meaningful for
phylogenetics (Colbert 1955; Romer 1968; Stahl
1974). E. Mayr (1976, 1980) chronicled perennial
problems of avian classification. Despite a wide-
spread perception that avian fossils are rare because
of fragility and poor preservation (Romer 1968), a
diminished confidence in comparative anatomy to
resolve avian systematics was accompanied by a
grandiose vision of paleontology, anatomical study
of fossilized elements. This optimism held that vital
insights (especially higher-order relationships) and
transcendent “laws” of evolution (Shideler 1952) are
to be gained only through the discovery of new fos-
sils (Feduccia 1995). The empirical limits of paleon-
tological inferences for Neornithes—exemplified by
Howard (1950) and S. L. Olson (1985)—derived
principally from undemonstrated (perhaps if not un-
demonstrable) ancestral status of fossil taxa
(Cracraft 1980).

A tradition of intuitive assessments of “conver-
gence” in morphological characters, notably among
taxa sharing obvious aspects of life history, has
haunted a reliance on comparative anatomy for re-
construction of phylogenetic relationships (Bock
1967, 1977; Cracraft 1979, 1981b). A broad consen-
sus and empirical foundation supports the likelihood
of functional similarities in some morphological fea-
tures—e.g., appendicular resemblances related to lo-
comotion in distantly related diving birds (Storer
1960a-b; Harrison 1977), but these convergences
were essentially assumptions and failed to support
the contention that occult homoplasy afflicts appen-

dicular anatomy of birds. Sibley and Ahlquist (1970,
1972, 1990) perpetuated a claim of evidentiary supe-
riority of molecular evidence, a subject of continued
controversy (Cracraft 1987; Harshman 1994).

Despite an inauspicious record of accomplish-
ment in the avian context in terms of robust place-
ments of problematic taxa or uniformity of infer-
ences, a molecular chauvinism persists in some sys-
tematic circles (Hedges and Maxson 1992, 1996;
Hedges and Sibley 1994; Hedges et al. 1995; Mc-
Cracken and Sheldon 1998; Van Tuinen et al. 2001),
primarily with respect to a superiority of sequence
data. Perhaps the most egregious perspective offered
by this school is the proposal that morphological
data be relegated to attributes mapped a posteriori
onto phylogenies solely inferred by molecular means
(e.g., Hedges and Maxson 1992). This prejudice at
times suggests an unlimited credulity toward unprec-
edented groupings only weakly supported by single
studies (e.g., Van Tuinen et al. 2001; Fain and Houde
2004). Fortunately, this unilateralism has been bal-
anced, at least in part, by a more objective perspec-
tive regarding diverse sources of phylogenetic data
(Wiens and Reeder 1995; Huelsenbeck et al. 1996;
Wiens and Hillis 1996; K. Lee et al. 1997; Jenner
2004; Wiens 2004), enumeration of advantages of
both classes of data (Wiens 2004), and an emphasis
on areas of agreement among methodologies (Bled-
soe and Raikow 1990). The most encouraging sign is
a genuine recognition of the magnitude of the prob-
lem that prompts the use of diverse sources of his-
torical signal for resolution (Crowe 1988; Cracraft et
al. 2004).

GENESIS OF CURRENT PROJECT

The present venture—a morphologically based
phylogenetic analysis of modern birds (Neor-
nithes)—originated in 1993, although both authors
held interests of long standing in comparative avian
anatomy and systematics (e.g., Zusi 1962, 1967, 1984,
1993; Livezey 1986, 1991, 1997a, 1998a-b). In brief,
we believed that comparative anatomy deserved a
multisystemic, uniformly characterized, and taxo-
nomically inclusive assessment to provide balance to
the enthusiasm and widespread resources being be-
stowed upon molecular techniques. Therefore, we
decided to provide an empirically detailed, morpho-
logical counterproposal to phylogenetic reconstruc-
tions based on molecular evidence, at least to obvi-
ate comparisons of molecular reconstructions with
traditional avian classifications, the latter not quali-
fying as phylogenetic hypotheses per se.
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The first two years of the study were critical in the
organization of synoptic series of specimens and the
adoption of a standardized method of characteriza-
tion. The latter was achieved primarily through col-
laborative study of unparalleled series of specimens,
the formal terminology outlined in the Nomina Ana-
tomica Avium (Baumel et al. 1993), and reference to
the primary anatomical literature, notably recent de-
scriptions of new fossil avialians. Several two-week
periods of intensive study resulted in several hun-
dred characters of the skull and vertebral column
and the basis for two ancillary works (Zusi and
Livezey 2000; Livezey and Zusi 2006), but it became
evident that a formal commitment of effort and ex-
ternal financial resources would be considerable in
order to see the phylogenetic project to completion.

The signal captured in this preliminary survey of
axial characters—based on a primary analysis per-
formed for inclusion in a proposal for funds—was
encouraging even given its provisionally rooted, pre-
liminary nature. This truly heuristic exercise, re-
printed by Livezey and Zusi (2001), unfortunately
prompted unintended citations of the work as a

genuine hypothesis of avian phylogeny (e.g., G.
Mayr et al. 2003), despite an explicit disclaimer given
in the paper. Nonetheless, this demonstration of po-
tential of avian morphology for phylogenetic recon-
struction proved successful in securing funding by
Livezey from the National Science Foundation
(NSF) for the core project on Neornithes.

These resources permitted opportunities and
travel to complete mutual study of the axial and hy-
oid skeleton and critical fossil taxa, followed by
largely independent study of the appendicular skel-
eton and pectoral musculature by Livezey and the
cranial and pelvic musculature by Zusi. The original
award, followed by two one-year extensions, was
supplemented in 2004 for the present publication of
characters. This compendium forms the empirical
basis for a companion phylogenetic analysis (Livezey
and Zusi 2006) and will serve as formal morphologi-
cal component, in combination with paleontological
and molecular contributions, for subsequent recon-
structions based on “total evidence” (Bininda-
Emonds et al. 2002), and part of the crown-theropod
component of the NSF “Tree of Life” program.

Descriptions of Avian Anatomy: An Episodic Perspective

POST-LINNEAN SURVEYS

The earliest anatomical sources authored by orni-
thologists were largely taxonomic in focus, typically
addressing generalities of osteological or other ana-
tomical aspects for representatives of a higher taxon
or group thereof. With few exceptions—e.g., Brandt
(1839 [1840]a—c), Eyton (1867), Suschkin (1899a-b,
1905), and F. A. Lucas (1904)—ornithological works
of anatomical emphasis during the 19th century were
dominated by comparatively few, prolific workers.
Moreover, with the notable exceptions of the classic
works by Gadow (e.g., 1877, 1879a-b, 1891a-b, 1892,
1893) and Fiirbringer (1888, 1889, 1902), most ana-
tomical resources of the century were authored by a
dozen Anglo-ornithologists. These, and an Ameri-
can (Shufeldt), are listed below with samples of rep-
resentative works:

e Owen (1836, 1838, 1839, 1841, 1842, 1843, 1844,
1846a-b, 1848a—c, 1849a—b, 1851, 1852, 1856a-b,
1858a-b, 1863, 1866a—c, 1869a—c, 1870a—c, 1871a—
b, 1872, 1873a-b, 1875, 1877, 1879, 1882, 1883a-b,
1886);

e Huxley (1859, 1867, 1868a-b);

e W. K. Parker (1860, 1861, 1862, 1864, 1866, 1868,
1869a—b, 1875a-b, 1879, 1883, 1887, 1888a—d,
1889a—d, 1890, 1891a-b);

e Garrod (1872a-b, 1873a-d, 1874a-e, 1875a-b,
1876a—f, 1877a-d, 1878a-b, 1879a-b);

e Gadow (1877, 1879a-b, 1880, 1882a-b, 1883, 1885,
1888, 1889, 1891a-b, 1892, 1893);

e Forbes (1879, 1880a—c, 1881a—c, 1882a-f);

e Shufeldt (1881a-d, 1882, 1883, 1884a—c, 1885a-b,
1886a—d, 1888a—e, 1889a—g, 1890, 1891a—e, 1892,
1893a—c, 1894a-b, 1900a-b, 1901la-i, 1902a—c,
1903a-b, 1904a-b, 1907, 1909, 1913a-b, 1914,
1915a-b, 1918a-b, 1919a-b, 1920, 1922);

e Beddard (1884, 1885a-b, 1886a-d, 1888a-b,
1889a-d, 1890a—c, 1891, 1892, 1893a-b, 1894,
1896a—€, 1897a-b, 1898a-b, 1899, 1901a—d, 1902a—
¢, 1903a-b, 1911);

¢ Seebohm (1888, 1889, 1890a—c, 1895);

o T. J. Parker (1891, 1892, 1895);

e Mitchell (1895, 1896, 1899, 1901a—c, 1905, 1913a-
b, 1915);

e Pycraft (1895, 1898a-d, 1899a—c, 1900, 1901, 1902,
1903a—-d, 1905a—c, 1906a-b, 1907a—c, 1909, 1910);

e Lowe (1915a—c, 1916a-b, 1922, 1923, 1924, 1925a—
b, 1926a-b, 1927, 1928a-b, 1930, 1931a-d, 1933,
1935, 1938, 1939a-b, 1942, 1943, 1944a-b, 1946,
1948).

A survey of these authors and the years of their
publications delimits a golden era of ornithological
anatomy and systematics derived therefrom.

Mere numbers of works predictably are a poor
indicator of the importance of their contributions, as
the impressive series by Owen were dominated by
almost two dozen dedicated primarily to the moas
(Dinornithiformes) and were comparatively superfi-
cial with respect to systematic inferences. A similar
generality clearly applies to the works by Shufeldt.
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The systematics and biogeography of the ratites—
flightless, acarinate, palacognathous birds—were to
remain topics of lasting interest (Romer 1968: 146).
At the other extreme were the comparatively few
but influential works by Garrod, who published
seminal classics on four key anatomical systems—
osteorhiny (Garrod 1873a), crural muscles (Garrod
1873b), carotid arteries (Garrod 1873c), and crural
tendons (Garrod 1875a)—during a period of less
than three years. Similarly, Huxley was not as pro-
lific with respect to anatomical treatises, but his ex-
ploration of the osseous palate of birds (Huxley
1867) arguably was the single most-influential paper
(excluding monographic works) in avian systematics
of the 19th century (Zusi and Livezey 2006). The
monographic work by Fiirbringer (1888) has proven
indispensable for following generations of avian
anatomists and systematists, and the work is so rich
in detail and taxonomic scale that its use appears to
have been limited largely by the ambition, anatomi-
cal expertise, and primary languages of subsequent
workers.

INTUITIVE SYNTHESES AND ECLECTICS

The early to mid 20th century was characterized
by a more-explicit emphasis on the systematic impli-
cations of anatomical descriptions, and a more-
subtle increase in studies of greater taxonomic scale.
Several authors produced works of primarily ana-
tomical (as opposed to taxonomic) focus and lasting
importance, including: Lonnberg (1904), Van Oort
(1905), Lebedinsky (1913, 1919), Boker (1927, 1935),
Schiiz (1927), Boetticher (1928, 1929), Boas (1929,
1934), Lemmrich (1931), Technau (1936), Hofer
(1945, 1949, 1950, 1955), Tiermeier (1950), Goebloed
(1958), and Goodge (1972). Bock (1956, 1958, 1959,
1960a-b, 1963a-b, 1969) was known for meticulous
anatomy and the articulation of an adaptational-
functional approach to characters and their utility
for systematics, a framework that was to attract few
adherents.

The next few decades were to be dominated by
avian systematists having explicitly systematic goals
only variably related to function, e.g., Jollie (1953,
1958, 1976, 1977a-c), Verheyen (1953a-b, 1955a—c,
1956a-h, 1957a—-d, 1958a-f, 1959a—d, 1960a-g, 1961),
Johnsgard (1961), Brodkorb (1971a, 1976), Burton
(1971a-b, 1974a-b, 1978, 1984), S. L. Olson (1973,
1976, 1977, 1979, 1980, 1983, 1985, 1987b), Feduccia
(1976a, 1977a—c, 1978, 1985), Elzanowski (1977a-b,
1987, 1991), S. L. Olson and Feduccia (1980a-b),
L. D. Martin (1983a-b, 1984, 1985, 1987), Kurochkin
(1985).

During the two decades following the American
publication of cladistic methodology (Hennig 1966),
some avian systematists—e.g., Houde and Olson
(1981), Houde (1986, 1987, 1988), W. E. Lanyon
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(1986, 1988a-b), and Houde and Haubold (1987)—
persisted in what Raikow (1985¢) dubbed “eclectic”
methods, an amalgam of descriptive anatomy, func-
tional morphology, and intuitive systematics or
quantitative phenetics (e.g., Hecht 1976; E. Mayr
1976, 1982). By the early 1990s, however, most orni-
thological systematists had adopted cladistic meth-
ods (Wiley 1981), varying principally in focus (neon-
tological vs. paleontological), evidence (morphologi-
cal vs. molecular), or taxonomic scale (interfamilial
vs. intrageneric).

CONTEMPORARY MORPHOLOGICAL CLADISTICS
Paleontological Emphases

Paleornithological workers adopted cladistic tech-
niques more slowly than their neontological col-
leagues. Excluding alpha-descriptive works for
newly discovered fossil taxa, explicit phylogenetic
analyses of significant scale in paleornithology were
few during the early 1990s (e.g., Holdaway 1991,
1994). With the revolutionary finds of Mesozoic fos-
sils (below), paleornithologists embraced cladistic
techniques for inferences regarding the basalmost di-
vergences in the avian clade. Important works, most
associated with explicit data sets but varying moder-
ately in methodological details, include: Chiappe
(1995a-b, 1996a-b, 2001a-b, 2002), Chatterjee
(1998a, 1999), Dyke (2001a-b), Chiappe and Dyke
(2002), J. M. Clark et al. (2002a), G. Mayr (2002a,
2003a—c, 2004a-b), and Dyke et al. (2003). In addi-
tion, an increasing number of systematists recog-
nized the importance of including both fossil and
modern taxa in phylogenetic reconstructions, e.g.,
Livezey and Martin (1988), Houde (1994), K. Lee et
al. (1997), Livezey (1997a, 1998b), Cracraft and
Clarke (2001), J. A. Clarke and Norell (2002), G.
Mayr and Clarke (2003), and J. A. Clarke et al.
(2005).

Neontological Emphases

Ornithological systematists having primary inter-
ests in modern taxa adopted cladistics comparatively
rapidly, in part because of the wealth of anatomical
material that was available. At least a decade prior
to widespread paleontological applications, phyloge-
netic analysis was the preferred if not sole formal
method of choice among neontologists. Important
works of this kind include: Raikow (1976, 1977a-b,
1978, 1982, 1987, 1993, 1994), Strauch (1978, 1985),
Bentz (1979), Cracraft (1981a, 1982, 1985, 1986,
1988), McKitrick (1985a-b, 1986, 1991a-b, 1992),
Cannell (1986), Livezey (1986, 1989, 1990, 1991,
1995a—c, 1996a—c, 1997a-b, 1998a-b), Prum (1988,
1990, 1992, 1993), Siegel-Causey (1988, 1997),
Cracraft and Mindell (1989), Chu (1995, 1998, 2002),
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Ericson (1996, 1997), Ericson et al. (1998), Hughes
(2000), G. Mayr et al. (2003), and G. Mayr and Er-
icson (2004). Several of the last in the foregoing se-
ries incorporated both molecular and morphological
data.

Scrutiny of this sample reflects that studies of this
kind were largely limited to the United States, and
more specifically to the two largest U.S. museums
(American Museum of Natural History, New York,
AMNH; Smithsonian Institution, Washington, D.C.,
USNM) and several universities or private institutes
having strong anatomical traditions—University of
Michigan; Carnegie Museum of Natural History,
CMNH; and University of Kansas. Important Euro-
pean collections and/or systematic traditions include
the Natural History Museum, U.K., BMNH; Forsch-
ungsinstitut Senckenberg, Frankfurt, Germany;
Swedish Museum of Natural History; and Muséum
national d’Histoire naturelle, France.

PALEORNITHOLOGICAL REVOLUTION AND
HYPOTHESES OF ORIGINS

Virtually coincident with our initial surveys of os-
teological characters for Neornithes, paleontological
discoveries provided both a deeper sample of out-
groups for modern taxa and stimulated an expansion
of fossil taxa to be included in the project. Prior to
the last decade of the 20th century, only a handful of
Mesozoic Aves were known, and the quality of
which often was wanting (Boetticher 1928; Swinton
1960; Bock 1969; Cracraft 1971a; L. D. Martin and
Tate 1976; L. D. Martin and Stewart 1982; Fox 1984;
Raath 1985, 1990; Elzanowski 1991; Elzanowski and
Galton 1991; L. D. Martin 1995).

During the last decade of the 20th century, a spate
of discoveries of Mesozoic forms confirming a di-
verse cladogenesis of Avialae and allies (Chiappe
1995a, 1997, 2001a-b, 2002; Hou et al. 1995, 1996,
1999a-b; Chiappe and Dyke 2002) emerged from
several key regions:

e Asia (Sereno and Rao 1992; Zhou et al. 1992,
2000; Norell et al. 1993, 1994, 1995; Perle et al.
1993, 1994; J. M. Clark et al. 1994, 1999, 2002a;
Dasheveg et al. 1995; Zhou 1995a-b; Chiappe et
al. 1996, 1997, 1998, 2001; Dong and Currie 1996;
Ji and Ji 1996, 1997; Ji et al. 1998, 1999, 2001,
2003a-b; Hou and Chen 1999; Barsbold et al.
2000a-b; Zhou and Wang 2000; J. M. Clark et al.
2001; Currie and Chen 2001; Norell and Clarke
2001; Sereno 2001; J. A. Clarke and Norell 2002;
Sereno et al. 2002; Suzuki et al. 2002; Zhou and
Zhang 2002, 2003; Gong et al. 2004);

e Europe (Sanz and Bonaparte 1992; Sanz and Bus-
calioni 1992; Sanz et al. 1995, 1996, 1997, 2002;
J. A. Clarke and Chiappe 2001);

e South America (A. D. Walker 1980; Chiappe
1991a-b, 1992, 1993, 1995b, 1996a-b; Novas 1994
[1993], 1996, 1997; Novas and Puerta 1997; Holtz
2001a-b; Norell et al. 2001; Chiappe and Walker
2002; Chiappe et al. 2002; Novas and Pol 2002);

e Madagascar (Forster et al. 1996, 1998).

This paleornithological renaissance—fortuitous in
both timing and magnitude—provided the empirical
foundation for a robust resurrection of the dinosau-
rian origin for Aves as prevailing hypothesis (Chi-
appe 1995a, 1997; Padian 1998; J. M. Clark et al.
2002b; Prum 2002), a proposal of varying focus dat-
ing from the 19th century (Seeley 1866, 1871, 1874,
1891; Cope 1867, 1885; Huxley 1868a, 1870; Vogt
1880; Marsh 1881; Baur 1883, 1884, 1885¢c—e; Dames
1884, 1885, 1897; W. K. Parker 1887, 1888a) and re-
vived repeatedly (at times controversially) during
the interim, either stimulated by new specimens, re-
newed interpretation of earlier collections, or shifts
in inferential paradigms (Gasch 1888; Osborn 1900;
Funncius 1909; Hay 1910; Versluys 1910, 1912; Wam-
ich 1913; Heilmann 1926; Boas 1930; Galton 1970;
Ostrom 1973, 1975a-b, 1976a-b, 1979, 1991; Thul-
born 1975, 1984; Cracraft 1977; Tarsitano and Hecht
1980; Thulborn and Hamley 1982; Hou and Liu 1984;
Currie 1985, 1987; Kurochkin 1985; Gauthier 1986;
Molnar 1986; Kurzanov 1987; Witmer 1991; Elza-
nowski and Wellnhofer 1992, 1993; Wellnhofer
1994).

The resultant shift in perspective regarding the
phylogenetic origins of Aves as being among tradi-
tionally delimited Theropoda—by strong consensus
of systematists (Padian and Chiappe 1997, 1998a-b;
Witmer 2002)—permitted increased efficiency of
study and improved estimates of basal polarities for
osteological characters and provided insights into os-
teohistology (Chinsamy et al. 1994, 1995; Ricqles et
al. 2003), integument (P. G. Davis and Briggs 1995,
1998; Chen et al. 1998; Ji et al. 1998, 2001; Chiappe et
al. 1999; Schweitzer et al. 1999; Xu et al. 1999a-b;
Currie and Chen 2001; Schweitzer 2001; Xu et al.
2003), and breeding behavior (Norell et al. 1994,
1995; Dong and Currie 1996; Varricchio et al. 1997).
As recently as the 1980s, the potential outgroups for
Neornithes were limited to a handful of moderately
represented taxa—Archaeopteryx, Hesperornis, and
Ichthyornis (J. T. Gregory 1951, 1952; Gingerich
1972, 1973, 1976; Ostrom 1972; Harrison 1973; Har-
rison and Walker 1976a-b; Parris and Echols
1992)—limiting phylogenetic works in detailing of
avian plesiomorphy (cf. Brodkorb 1971a; Cracraft
1981a, 1982, 1986, 1988; Witmer and Martin 1987;
Cracraft and Mindell 1989; Witmer 1991; Elzanowski
1995). However, the turn of the millenium witnessed
an increase in taxonomic diversity by an order of
magnitude (Kurochkin 1995a; Chiappe 2001b;
Cracraft and Clarke 2001).
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In addition, during this period, a wealth of new
avian fossils from the Cenozoic was described, prin-
cipally from Messel, Germany (Feduccia and Martin
1976; Mourer-Chauviré 1980, 1983, 2000; Hesse
1988, 1990, 1992; Alvarenga and Bonaparte 1992;
Cheneval 1995, 2000; G. Mayr 1996, 1998a-b, 1999a—
b, 2000a-d, 2001a-g, 2002b—e, 2003d, 2004c; G. Mayr
and Daniels 1998; G. Mayr and Peters 1998, 1999;
Dyke and Waterhouse 2000; G. Mayr and Mourer-
Chauviré 2000; Dyke 2001a-b; Dyke and Gulas 2002;
G. Mayr and Smith 2002; Alvarenga and Guiherme
2003), but most were referred preliminarily to extant
orders and few if any of these augured resolution of
higher-order relationships among Neornithes.

This new diversity of outgroup taxa both provided
insights and posed challenges, e.g., insights into
transformation of many morphological characters
and polarities (Barriel and Tassy 1997, 1998) were
accompanied by expansion of the size of the most
challenging analytical task at hand—number of ter-
minal taxa in the phylogeny to be reconstructed
(Swofford et al. 1996). The latter analytical burden
was exacerbated by a disproportionate increase of
missing data in these otherwise welcome Mesozoic
terminals (Wiens 1998a, 2003; Kearney 2002; Kear-
ney and Clark 2003; Wilkinson 2003), including
whole suites of characters important for phyloge-
netic reconstructions among modern Neornithes.

RENEWED RELEVANCE OF TRADITIONAL
DINOSAURIA

With the approachment if not attainment of con-
sensus regarding theropod origins of Aves, osteo-
logical characters and relationships of archosaurs
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traditionally dubbed “Dinosauria” became critical.
Very quickly those systematists in opposition to the
theropod hypothesis were in the minority, and their
arguments turned more on a methodological oppo-
sition to cladistics and traditional scenarios concern-
ing the evolution of avian flight than on the growing
morphological evidence at hand (e.g., Bock 1985a).
This quasi-philosophical debate was confounded by
the popular resistance toward the taxonomic legal-
ism that birds not only derived from dinosaurs but
that, by nomenclatural rules, birds themselves were
dinosaurs. Many important outgroup taxa were de-
scribed well before the “paleornithological revolu-
tion,” whereas others constituted an important part
of this episode of discovery. Nevertheless, descrip-
tions of pertinent characters remained of approxi-
mately uniform utility throughout the literature of
recent decades.

This enlarged and diverse, extended outgroup
posed both practical and strategic issues for the pre-
sent analysis of Aves. Of primary importance among
outgroups were other Tetanurae, with secondary ref-
erences to Coelurosauria, “carnosaurs,” and basal
Theropoda; very conservative structures permitted
reference to more distant relatives, including the
Sauropoda, Ornithischia, and basalmost Dinosauria.
Only for myological polarities not reconstructed by
osteological remnants on theropods (e.g., Hutchin-
son 2001a-b), the Crocodylomorpha and basalmost
Archosauria were included for comparisons. These
deep roots were not necessary for purposes of root-
ing with respect to most avian characters, but pri-
marily were valuable to deeply root myological char-
acters and thereby solidify the polarities of charac-
ters relevant to the Avialae.

Logical Partition of Analysis

The presentation of this analysis in two separate
works—one comparatively lengthy compilation of
characters and a shorter, subsequent work summa-
rizing the phylogenetic analysis of these data—
represents a logistic necessity of publication and the
essentially bipartite nature of phylogenetic analysis
(Mishler 2005). Not only are these endeavors prac-
tically divisible, but objectivity of characterization is
approached most effectively when performed inde-
pendently of analysis of characters. We agree with

Mishler (2005) that the first stage—characterization
and construction of the data matrix—typically is the
more important of the two efforts, despite the fact
that substantially less literature treats derivation of
the character (data) matrix than the analysis of the
data or inference of phylogenetic trees (the latter a
diagrammatic summary of the former). It may be
instructive to view the disparity in lengths of the two
publications in view of this assessment of relative
significance of the components of study.

METHODS
Exemplars

Specific taxonomy of modern Aves followed, with
few exceptions, the classification by Dickinson
(2003). Higher-level classifications were followed
only for purposes of selection of exemplars, and all

available classifications (e.g., Storer 1960a, 1971a;
Wetmore 1960) required working revisions in order
to encompass controversial or otherwise critical taxa.
Cognizant of dynamics of ornithological classifica-
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tion (Gauthier and de Queiroz 2001), we followed
the taxonomy of Mesozoic avialians of Chiappe
(2002), taxonomy of fossil birds of the Cenozoic
largely followed Brodkorb (1963, 1964, 1967, 1971b,
1978), that of other Dinosauria after Benton (1990a—
b), K. Carpenter and Currie (1990), Sereno (1997,
1999), and Norell et al. (2001).

The taxonomic scope of the project, combined
with progressive affirmation of minimal variation be-
tween exemplars and excluded confamilials, vali-
dated the utility of exemplars (Yeates 1995) as ter-
minal taxa for the reconstruction of higher-order
phylogeny of Aves. Cognizant of the advantages of
dense sampling of taxa for phylogenetic inference
(Zwickl and Hillis 2002), logistic limitations were
considered less burdensome in a morphological con-
text in which comparatively conservative rates of
change and greater diversity of potential states re-
duced likelihood of error (e.g., long-branch attrac-
tion) relative to molecular applications (e.g., limita-
tion of all characters to same four states).

Limitations of exemplars (sensu surrogacy for
higher-order taxa) as terminals for phylogenetic es-
timates are substantially understood (Yeates 1995;
Wiens 1998b, 2000; Prendini 2001), therefore notable
departures from exemplary states among confamil-
ials or atypicality of exemplars for specific characters
were noted. All preferences, however, were condi-
tional on availabilities of specimens (D. S. Wood et
al. 1982; D. S. Wood and Schnell 1986). These details
were not intended to serve as equivalents for de-
scriptions of morphological variation inclusive of all
modern neornithine families sampled, but rather to
ameliorate the shortcomings of exemplars for pur-
poses of reconstruction of higher-order phylogenetic
inferences.

SYNOPTIC SERIES AND REFERENCE SPECIMENS
Fossil Taxa and Specimens

Direct study of specimens and surveys of pub-
lished analyses and description served as the basis
for morphological characterizations summarized
herein. For Neornithes, first-hand comparison of
specimens composed the primary source of charac-
ters, with supplementary proposals from the litera-
ture considered subsequently. A select group of fos-
sil (mostly Mesozoic) taxa were subjects of direct
study of specimens (see below), whereas most Me-
sozoic taxa were characterized primarily based on
published descriptions and figures.

A reliance on the paleontological literature re-
flected: (i) the primary focus of our study, relation-
ships among Neornithes; (if) necessities imposed by
time constraints; and (iif) general thoroughness of
prior paleontological studies. A few (sub)fossil taxa
originally included for analysis were determined sub-

sequently to be too poorly represented (e.g., Sylvior-
nis, Plotopterum). Study of Archaeopteryx included
direct examination of specimens in London, Berlin,
Eichstitt, Hérlem (cast), and Miinich.

Our primary concern in the study of fossil birds in
the present work was to amalgamate traditionally
established characters, typically informally described
using terms derived from those of Howard (1929),
into the context of our anatomical study of Neor-
nithes and a revised anatomical nomenclature for
Aves (Baumel et al. 1993). Awareness of the diffi-
culties of interpretation of paleontological charac-
ters within a formal nomenclatural context and pub-
lished information prompted a documentation of lit-
erature deemed relevant to the characters cited
(under Note). Employment of a uniform nomencla-
ture, extended even to characters of long vernacular
traditions (J. D. Harris 2004), was intended to avoid
a divergent terminology that has diminished an ana-
tomically precise discourse between disciplines, e.g.,
paleontological and neontological schools (Livezey
and Zusi 2001).

However, fossil Aves and nonavialian Theropoda
offer insights of enormous interest in themselves,
and this potential, as well as that for refined rooting,
argued for the inclusion of as many well-represented
fossil taxa as feasible. Despite limited potential as
additional outgroups (Holtz 2000 [1998]), a number
of Mesozoic taxa, including Utahraptor (Kirkland et
al. 1993), Afrovenator (Sereno et al. 1994), Elaphro-
saurus (Janensch 1920), Shenzhouraptor (Ji et al.
2003a), Therizinosaurus sensu generis (Maleev
1954), Unenlagia (Novas and Puerta 1997), Protoavis
(Chatterjee 1991, 1999), Alxasaurus (Russell and
Dong 1994a [1993]), Vorona (Forster et al. 1996),
and Limenavis (J. A. Clarke and Chiappe 2001),
were excluded because of limited descriptions or ac-
cess. Also excluded for reasons of poor representa-
tion were several Enatiornithes (Chiappe and
Walker 2002): Lectavis, Soroavisaurus, Yungavolu-
cris, and Avisaurus.

We primarily coded exemplar species for modern
taxa (Appendix 1) based on synoptic series of speci-
mens. A primary synoptic set of specimens, listed as
“voucher” specimens (Appendix 1), were bolstered
by examination of additional specimens where varia-
tion or damage required; polymorphism in exemplar
taxa was so coded, thereby recording the variation
observed in the terminal taxa (N. B. Simmons 2001).
Although less definitive than a single, fixed state for
a given taxon (Wiens 2000) and not recommended
for intraspecific variation (Swofford 1998), it was
preferable to arbitrarily assigning a single state for a
polyspecific terminal potentially manifesting varia-
tion at multiple taxonomic levels. For some charac-
terizations, especially those requiring access to ex-
ceptionally rare specimens, permission to dissect
rare spirit specimens, or requiring special prepara-
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tions, we resorted to characterizations based on sec-
ondary exemplar taxa (Appendix 1). Published
works (e.g., W. K. Parker 1862, 1868; 1891a-b; T. J.
Parker 1895; Pycraft 1900; Archey 1941; H. J. Miiller
1961b, 1963) proved essential for characterization of
structures posing special challenges—e.g., suturae
cranii (obscured with age) and conchae nasalis (in-
volving variably cartilaginous components).

Contrary to characters developed primarily
through study of our primary synoptic specimens of
modern taxa, most characters originating from pale-
ontological material were based on published de-
scriptions. These sources are exhaustively listed with
each character so derived. This documentary work
was facilitated by two semicomplementary data sets,
both slightly exceeding 200 characters and in com-
paratively wide use: (i) a matrix originated by Chi-
appe and colleagues (e.g., Chiappe 2001a, 2002) for
Mesozoic Avialiae; and (ii) a matrix originally com-
piled by Norell and collaborators (e.g., Norell et al.
2001, J. M. Clark et al. 2002a), subsequently revised
and circulated by the Theropod Research Group
(e.g., Hwang et al. 2002, 2004). To date, the most
comprehensive synthesis of characters pertaining to
Theropoda was cited in an analytical overview of
basal Tetanurae fide Hwang et al. (2004), which con-
sisted of 75 taxa and 638 characters drawn from the
literature and unpublished; representation of birds
was limited to a single taxon Avialae fide Hwang et
al. (2004).

Skeletal Specimens

Primary reference was made with respect to a se-
ries of voucher specimens arranged for simulta-
neous, comparative study. For most taxa, additional
specimens of conspecifics or less-closely related taxa
were available where assessments proved challeng-
ing. The primary synoptic series was retained at the
USNM, whereas a secondary series was maintained
at CMNH. Important use also was made of speci-
mens held at the BMNH and AMNH.

Traditional or “complete” skeletons formed the
primary series of skeletons examined in this project.
We also went to significant effort to procure for
study synoptic series of: (i) juvenile skeleton speci-
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mens in which suturae normally obscured with age
were preserved, (if) disarticulated ossa quadrati, (iif)
crania freed from ossa quadrati, (iv) serially ar-
ranged vertebrae, and (v) articulated trunks for ex-
amination of costae. We studied characters of the
internum cranii in specimens of appropriate condi-
tion or specially prepared by parasagittal section.

Spirit Specimens

Fluid-preserved specimens formed the primary
resource for myological characterizations. Logistical
limitation required that we use the published litera-
ture to the extent that we were confident of exper-
tise, and focus our dissections on the remaining taxa.
Myological study of the cranial and pelvic muscula-
ture was performed by Zusi, whereas pectoral myol-
ogy was undertaken by Livezey. All myological ex-
aminations were performed using dissecting micro-
scopes, surgical equipment, and pertinent literature.
Staining permitted improved resolution of smaller
muscles and details of fibers (Bock and Shear 1972).

Availability of Specimens

(Sub)fossil taxa, for obvious reasons, were not
available for dissection, and inferences based on im-
pressiones musculorum ossium were extremely lim-
ited. Where possible, notes on homologies with non-
avian Theropoda and other Archosauromorpha
were based on the literature (Gatesy 1990; Meyers
1996; Dilkes 1999; Hutchinson and Gatesy 2000;
Hutchinson 2001a-b; Carrano and Hutchinson 2002;
Meers 2003). However, no detailed myological char-
acterizations were feasible for Dinornithiformes,
Aepyornithiformes, Dromornithidae, Plotopteridae,
Phorhusrhacidae, Aptornis, Raphus, and Pezophaps.
Some taxa posed challenges of comparability for
some myological characters (noted individually),
e.g., musculature of the manus and/or some digiti
pedis in some ratites and Sphenisciformes, and
where digiti pedis (e.g., hallux) were vestigial or ab-
sent (e.g., ratites, some Tinamiformes and Pelecani-
formes, Gaviiformes, Podicipediformes, most Pro-
cellariiformes, Phoenicopterus, Turnicidae, and
many Charadriiformes).

Technicalities of Examinations

STUDY SKINS AND INTEGUMENTARY CHARACTERS

Reference to skin specimens was of limited but
important status in the present analysis, and largely
limited to macroscopic, conservative characters pos-
sessed of interordinal comparability, e.g., counts of
remiges and rectrices, scutellation and webbing of
the feet, and elaborations of the integument of the

head. Color patterns of definitive or natal plumages,
even those shown to have some signal within avian
orders (e.g., Jehl 1968, 1971; Livezey 1991, 1995a-b,
1996a—c), were not included in a study of this scale.
Finally, a substantial number of microscopic charac-
ters of the definitive pennation were included, based
largely on critical references (A. C. Chandler 1916;
Brom and Visser 1989; Brom 1990; G. Mayr 1996)
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and essential extensions of sampling using micro-
scopic examinations.

OSTEOLOGICAL STUDY

Study of skeletons was performed where elements
were large or articulated by direct examination,
whereas a significant proportion of comparative
work required the aid of dissecting microscopy.
Critical treatises on cranial development include
those by W. K. Parker (1866, 1869a, 1879, 1890,
1891a). The literature consulted for osteological
characterizations is immense (see annotations in de-
scriptions), with especially critical references being
Fiirbringer (1888), Boas (1929, 1934), Butendieck
and Wissdorf (1982), and Baumel and Witmer
(1993).

MYOLOGICAL STUDY

Myological dissection was reserved primarily for
phylogenetically critical or little-known taxa, empha-
sis being on representatives (preferably exemplar
taxa, if available) of families lacking myological de-
scription in the literature (Appendix 1). Destructive
sampling was minimized by guarded reliance on the
literature, notably for comparatively rare taxa such
as Brachypteracias and Leptosomus (Korzun 1988).

Intraspecific variation—Rudge and Raikow (1992),
Raikow (1993), Raikow et al. (1993), and Kesner
(1994)—was noted if potentially influential. In a mi-
nority of cases, specimens of primary taxonomic ex-
emplars were not available for myological study, and
necessitated dissection of examples of congeners or
(rarely) confamilials for coding characters of the
musculature (Appendix 1).

For the ratites, direct study was augmented by
McGowan (1979, 1982, 1984) and a critique of the
same by Vanden Berge (1982). Homology of musculi
pelvici, including nomenclature applied to Croco-
dylia and Theropoda, was updated from that by Tar-
sitano (1981) by Carrano and Hutchinson (2002:
table 1). Recent works (e.g., Harvey et al. 1968;
Maurer and Raikow 1981; Swierczewski and Raikow
1981; McKitrick 1991a-b, 1992, pers. comm.) ex-
panded upon the classical literature, e.g., Garrod
(1873a-b, 1874a-b, 1875a-b, 1876a-f, 1877a-d,
1878a-b, 1879a-b), Forbes (1880a—c, 1881a—c, 1882a,
d, f), Gadow (1882a-b, 1891a-b), and Fiirbringer
(1888: taf. VIII-XXVI). Qualitative components of
semiquantitative “muscle formulae” devised during
the 19th century and subsequent refinements (e.g.,
Hudson 1937, 1948; Hudson and Lanzillotti 1955,
1964; Hudson et al. 1966, 1969, 1972) were recast
where feasible and informative. See: Berger (1960a—
b), Sibley and Ahlquist (1972: table 2), Raikow
(1977a-b), Raikow et al. (1979, 1980, 1993), and
Rudge and Raikow (1992) for recent descriptions.

Supplemental Osteological Literature for Characterizations of Taxa

Necessary reliance on the published literature for
study and confirmation of direct observation was es-
sential for a study of this magnitude and taxonomic
diversity. The following references are noteworthy in
this respect, listed by taxonomic group:

e Basal Archosauromorpha.—Broom (1913),
Romer (1923b), Kilin (1933, 1941), Ewer (1965),
Frey (1988), Sereno (1991a), Sereno and Arcucci
(1991, 1994), Welman (1995), Meers (2003).

e Basal Dinosauria.—Romer (1923a), Rowe (1989),
Sereno and Novas (1992), Sereno and Wild (1992),
Sereno et al. (1993), Sereno (1994).

e Ornithischia.—Galton (1970), Sereno (1991b).

e Sauropoda.—A. D. Walker (1964), Welles (1984),
Sereno et al. (1994), J. A. Wilson and Sereno
(1998).

e Stem Theropoda.—Osborn (1912, 1917, 1924),
Gilmore (1920, 1924a-b), Stovall and Langston
(1950), Colbert and Russell (1969), Ostrom (1969,
1974a, 1976¢, 1978, 1990), Osmolska et al. (1972),
Barsbold (1974, 1979, 1983), Madsen (1976), Os-
molska (1976, 1981, 1985, 1987, 1996), Sues (1977,

1978, 1997), Nicholls and Russell (1985), Currie
and Russell (1988), Colbert (1989), Barsbold and
Osmolska (1990, 1999), Barsbold et al. (1990),
Bonaparte et al. (1990), Osmolska and Barsbold
(1990), D. Smith and Galton (1990), Bonaparte
(1991), Howse and Milner (1993), Pérez-Moreno
et al. (1993, 1994), Zhao and Currie (1993 [1994]),
J. M. Clark et al. (1994), Currie and Peng (1994),
Currie and Zhao (1994a-b [1993a-b]), Currie et
al. (1994 [1993], 2003), Sereno and Novas (1994
[1993]), Currie (1995, 1996, 1997, 2003), Currie et
al. (1996), Sereno et al. (1996, 1998), K. Carpenter
(1997), Norell and Makovicky (1997, 1999), Norell
et al. (1997, 2000), J. D. Harris (1998), Sasso and
Signore (1998), Azuma and Currie (2000), Brochu
(2000, 2003), Currie and Carpenter (2000), De
Klerk et al. (2000), Xu and Wang (2000), Currie
and Dong (2001), Coria and Currie (2002), Mary-
anska et al. (2002), Vickers-Rich et al. (2002), Xu
(2002), Xu et al. (2002, 2004), Hurum and Sabath
(2003), Hwang et al. (2004).

e Archaeopteryx.—Dames (1884, 1897), Petro-
nievics (1921, 1925, 1927, 1950), Heinroth (1923),
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Steiner (1938), Lowe (1944b), de Beer (1954),
Heller (1959), Wellnhofer (1974, 1984, 1992,
1993), Howgate (1984), Biihler (1985), L. D. Mar-
tin (1985), Elzanowski and Wellnhofer (1993,
1995, 1996), Feduccia (1993), Britt et al. (1998),
Elzanowski (1999a-b, 2001, 2002), Elzanowski and
Pasko (1999), Ji et al. (2005), G. Mayr et al. (2005).
Hesperornithiformes.—Marsh (1880), F. A. Lucas
(1904), Cracraft (1982), L. J. Bryant (1983), L. D.
Martin (1984, 1985, 1987, 1991), Biihler et al.
(1988), Elzanowski (1991, 1995), Nessov and
Prizemlin (1991), Nessov and Yarkow (1993).
Tinamiformes.—W. K. Parker (1862, 1864), Alix
(1874), Adolphi (1922), de Villiers (1946), Ver-
heyen (1960a-b), Elzanowski (1987), Saiff (1988),
Bertelli et al. (2002).

Ratites.—Owen (1836, 1838, 1839, 1841, 1842,
1844, 1846a-b, 1848a—c, 1849b, 1851, 1852, 1856a—
b, 1858a-b, 1866a-b, 1869a-b, 1870a—c, 1871a,
1872, 1873a-b, 1877, 1879, 1882, 1883a-b, 1886),
Bianconi (1863), G. Jiger (1865), W. K. Parker
(1866, 1888c), Murie (1867), Nathusius (1870,
1871), Mivart (1874, 1877), Gadow (1880, 1885),
Beddard (1886a, 1899), Collett (1886), Haast
(1886a-b), T. J. Parker (1891, 1892, 1895), An-
drews (1894, 1896, 1897, 1904), Last (1894), Py-
craft (1900, 1901), Rothschild (1900), Broom
(1907), Schulze (1908), Schestakowa (1925), Lowe
(1928b, 1930, 1931a, 1935, 1939a, 1942, 1944a),
Piiper (1928), Lange (1929), Lamberton (1930), de
Beer and Barrington (1934), Wiman (1935, 1937),
Steiner (1936, 1946, 1958), Brock (1937), Archey
(1941), Lutz (1942), Frank (1954), D. Starck
(1955), de Beer (1956), Lang (1956), Friant (1959),
Verheyen (1960c—d), H. J. Miiller (1961a), Bock
(1963a), Meise (1963), Firbas and Zweymiiller
(1971), Sibley and Frelin (1972), Cracraft (1974),
Elzanowski (1976), Frank and Smit (1976), Sauer
(1976), Budras and Meier (1981), Saiff (1981,
1982, 1983), Sibley and Ahlquist (1981), Stegmann
(1981), Balouet (1984, 1987), McGowan (1984,
1985, 1989), Rosser and George (1984, 1986), C.
Miiller (1985), Patterson and Rich (1987), Peters
(1987), Bledsoe (1988), Bock and Biihler (1988),
Elzanowski (1988), Worthy (1988), Kurochkin
(1995b), Rich et al. (1995), J. M. Starck (1995),
Fuss (1996), W. Miiller and Weber (1998), Patak
and Baldwin (1998), Worthy and Holdaway
(2002).

Diatrymiformes.—Witmer and Rose (1991), An-
dors (1992).

Galliformes.—W. K. Parker (1862, 1864, 1869a,
1891a), Shufeldt (1881a, 1888b, 1914, 1919a-b,
1920), Beddard (1886b), H. L. Clark (1898), Kul-
czycki (1901), Gaupp (1905), Pohlman (1921),
Bremer (1940a), Berger (1955a), Verheyen
(19564, 1960b), G. A. Clark (1960, 1964a-b), Vuil-
leumier (1965), S. A. Richards (1968), Vaurie

(1968), Amadon (1970), Radu (1975), Crowe
(1978), Steadman (1980), Poplin and Mourer-
Chauviré (1985), Russell and Joffe (1985); Dyke et
al. (2003).

Dromornithidae.—Stirling and Zietz (1900, 1905,
1913), Rich (1979, 1980a, 1991), Rich and Molnar
(1996), Field and Boles (1998), Murray and Megi-
rian (1998), Murray and Vickers-Rich (2004).
Anhimae.—Beddard (1886¢, 1894), Beddard and
Mitchell (1894), Mitchell (1895), Shufeldt (1901a),
Verheyen (1956b).

Anseres.—Owen (1875), Shufeldt (1888a, 1913a),
W. K. Parker (1890), Pycraft (1906a), Knopfli
(1919), de Beer and Barrington (1934), Verheyen
(1953b, 1955a), Woolfenden (1961), S. L. Olson
and Feduccia (1980a), Livezey (1986, 1997a), O.
Jager (1990).

Procellariiformes.—Gadow (1883), Shufeldt
(1888c, 1907), Pycraft (1899a), Lowe (1925a),
Kuroda (1954), Verheyen (1958a), Saiff (1974),
Imber (1985).

Sphenisciformes.—Gervais and Alix (1877), Py-
craft (1898b), Shufeldt (1901b), Virchow (1931),
Lowe (1933), C. W. Parsons (1934), Lanham
(1947), Crompton (1953), Verheyen (1958b),
Krassovskii (1966), Schreiweis (1972, 1982), Saiff
(1976), Giannini and Bertelli (2004).
Gaviiformes.—Shufeldt (1891a, 1892), Pycraft
(1899b), Stegmann (1974), Cracraft (1982), Boert-
mann (1990).

Podicipediformes.—Coues (1868), Shufeldt
(1891a, 1892, 1904b), Beddard (1896a), Pycraft
(1899b), Rosenberg (1911), Verheyen (1959a),
Stegmann (1969, 1974), Cracraft (1982), Bochen-
ski (1994).

Pelecaniformes.—Garrod (1876a, 1878a), Mivart
(1878), Forbes (1882a), Shufeldt (1884a, 1888c,
1902a, 1913b), Beddard (1892, 1897b), Pycraft
(1898a), Boker (1939), Lanham (1947), Slaby
(1951), Verheyen (1960f), Owre (1967), S. L. Ol-
son (1977), Harrison (1978), Saiff (1978), Cracraft
(1985), Siegel-Causey (1988, 1989, 1997).
Plotopteridae.—S. L. Olson and Hasegawa (1979,
1985, 1996), S. L. Olson (1980).
Ciconiiformes.—Garrod (1875b, 1877a), Shufeldt
(1889a-b, 1901c), Beddard (1896b, 1901a), T. Ad-
ams (1955), Bock (1956), Verheyen (1959b),
Cracraft (1967a), S. L. Olson (1979).
Phoenicopteridae.—Gadow (1877), Weldon
(1883), W. K. Parker (1889b), Shufeldt (1889c,
1901d), Sibley et al. (1969), S. L. Olson and Fe-
duccia (1980b).

Balaenicipitidae.—W. K. Parker (1860, 1861),
Reinhardt (1860, 1862), A. D. Bartlett (1861),
Giebel (1873), Beddard (1888a), Shufeldt (1901e),
Mitchell (1913b), Bohm (1930), Cottam (1957),
Cracraft (1985).

e Scopidae.—Beddard (1884), Shufeldt (1901e).
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e Falconiformes.—Shufeldt (1881b, 1886a, 1889d, e Caprimulgiformes.—Garrod (1873d), Shufeldt

1891b-c, 1922), Beddard (1889b, 1902a, 1903a-b),
Suschkin (1899a-b, 1905), Pycraft (1902), Comp-
ton (1938), Verheyen (1959c), Richardson (1972),
S. L. Olson (1982, 1987a), Kemp and Crowe
(1990).

Cathartidae.—Shufeldt (1881c, 1883), Cracraft
and Rich (1972), Rich (1980b), Rea (1983), Emslie
(1988), Seibold and Helbig (1995).
Gastornithiformes.—E. T. Newton (1886), L. D.
Martin (1992).

Basal Gruiformes.—A. D. Bartlett (1862), W. K.
Parker (1869b), E. Bartlett (1877), Milne-Edwards
(1878a), Forbes (1882f), Beddard (1891), Andrews
(1899), Mitchell (1901b, 1915), Schaub (1914),
Lowe (1924), Verheyen (1957b), Appert (1968,
1985), J. Steinbacher (1968), Stegmann (1978),
Weber and Hesse (1995), Livezey (1998b).
Grues.—Giebel (1855), Garrod (1876b), Beddard
(1889a, 1890a-b, 1893a, 1902b), Shufeldt (1894a,
1915a-b), Lowe (1928a), Berger (1956a), Ver-
heyen (1957a), Cracraft (1968b, 1969, 1971b,
1973), Macke (1969), Alvarez del Toro (1971),
S. L. Olson (1973), Stegmann (1978), Livezey
(1998b, 2003).

Charadriiformes.—Owen (1866c), Coues (1868),
Garrod (1877b), Forbes (1881b), Shufeldt (1888d,
1893b, 1901f, 1903a), W. K. Parker (1890), Bed-
dard (1896c¢, 1901d), Mitchell (1905), Lowe
(1915b-c, 1916a-b, 1922, 1923, 1925b, 1927,
1931b-d), Clara (1925), Piiper (1928), Boetticher
(1934), Wiman and Hessland (1942), Storer (1945,
1952), Maillard (1948), Verheyen (1957c, 1958¢c—d,
1959d), Bock (1958), Stegmann (1978), Strauch
(1978, 1985), Bjorklund (1994).
Pedionomidae.—Gadow (1891a), Bock and
McEvey (1969a), S. L. Olson and Steadman
(1981), Livezey (1998b).

Turnicidae—W. K. Parker (1862, 1864), Nathu-
sius (1882b), Ogilvie-Grant (1889), Lowe (1923),
Verheyen (1958e), Livezey (1998b), Rotthowe
and Starck (1998).

Columbidae.—Garrod (1874d), Shufeldt (1891d,
1901g), Mitchell (1899), Verheyen (1957d), Steg-
mann (1959), Cracraft (1971c).
Raphidae.—Strickland and Melville (1848), Owen
(1869c¢, 1871b), E. Newton and Gadow (1893).
Pteroclidae.—W. K. Parker (1862, 1864), Elliot
(1878, 1885), Gadow (1882a), Shufeldt (1901h),
Bowen (1927), Stegmann (1959), Fjeldsa (1976),
de Juana (1997).

Psittaciformes.—Giebel (1862), Garrod (1874e),
Eudes-Deslongchamps (1879), Fiirbringer (1889),
Beddard and Parsons (1893), Mivart (1895a-b),
D. W. Thompson (1899), Abraham (1901),
Shufeldt (1902b), R. Martin (1904), Shufeldt
(1918b), Boker (1929), Verheyen (1956e), G. A.
Smith (1975), Giintert (1981), de Kock (1987).

(1885b, 1886d), Beddard (1886d), W. K. Parker
(1889c), H. L. Clark (1894, 1901), Wetmore (1919
[1918]), Lubosch (1929a-b), Verheyen (1956a),
Hoff (1966), Cowles (1967), Biihler (1970), S. L.
Olson (1987b).

Strigiformes.—Collett (1871), Milne-Edwards
(1878b), Shufeldt (1881d, 1889, 1900a), Beddard
(1888b, 1890c), Pycraft (1898c, 1903a, c), Ver-
heyen (1956a), May (1961), A. H. Miller (1965),
Hoff (1966), F. N. Lee (1967), Bock and McEvey
(1969b), Arredondo (1977).
Cuculidae.—Beddard (1885a, 1898b, 1901b,
1902c), Shufeldt (1886b—c, 1901i), Pycraft (1903d),
Larson (1930), Lowe (1943), Berger (1952, 1953a—
b, 1954, 1955b, 1960b), Seibel (1988), Hughes
(2000).

Musophagidae.—Schalow (1886), Lowe (1943),
Verheyen (1956g), Burton (1970), Seibel (1988),
Hughes (2000).

Opisthocomidae.—Perrin (1875), Garrod (1879b),
Nathusius (1881, 1882b), Gadow (1883), Elliot
(1885), Beddard (1889c), Quelch (1890), W. K.
Parker (1891b), T. J. Parker (1892), Mitchell
(1896), Pycraft (1898d), Shufeldt (1918a), Banzhaf
(1929), Boker (1929), Barnikol (1953), C. W. Par-
sons (1954), Verheyen (1956h), Sibley and Ahl-
quist (1973), Seibel (1988), Marceliano (1996),
Hughes (2000).

Apodiformes.—Shufeldt (1885b, 1886d, 1889f,
1893c, 1902¢), W. K. Parker (1889d), Buri (1900),
H. L. Clark (1906), Scharnke (1931), Lowe
(1939b), Verheyen (1956f), Orr (1963), Cohn
(1968), Morioka (1974), Collins (1983), Bleiweiss
(1987, 2002).

Trogoniformes.—Forbes (1881c), Verheyen
(1956a), Maurer and Raikow (1981).
Coliiformes.—Murie (1872a), Garrod (1876d), Py-
craft (1907b), Verheyen (1956d), D. Starck (1960),
Schoonees (1963), Rowan (1967), Schifter (1967,
1985), Goldschmid (1972a-d), Berman and Rai-
kow (1982).

Coraciiformes.—Sclater (1865, 1872), Murie
(1872b—c, 1873), Forbes (1880a, 1882c), Shufeldt
(1884b, 1903b), Seebohm (1890c), Beddard
(1893b), Mitchell (1901c), W. DeW. Miller (1912),
Desselberger (1930), J. Steinbacher (1937), Lowe
(1948), Fourie (1955), Verheyen (1955b), Sibley
(1956), Manger Cats-Kuenen (1961), Cracraft
(1971d), S. L. Olson (1976), Kemp (1979), Fry
(1980), Hammouda and Mokhtar (1980), Kemp
and Crowe (1985), Pascotto and Donatelli (2003).
Piciformes.—Sclater (1870), Garrod (1872a),
W. K. Parker (1875a), Forbes (1882c), Beddard
(1889d, 1896d-e, 1901c), Seebohm (1890b),
Shufeldt (1891e, 1900b), Scharnke (1931), Rich-
ardson (1942), Lowe (1946), Verheyen (1955c¢),
Bock and Miller (1959), D. Goodwin (1964),
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Spring (1965), Fry (1969), S. F. Simpson and
Cracraft (1981), S. L. Olson (1983), Raikow and
Cracraft (1983), Bock (1999b).

¢ Passeriformes.—Forbes (1879, 1880a-b, 1882d-e¢),
Shufeldt (1882, 1888d, 1889¢g, 1890), F. A. Lucas
(1888, 1894), Seebohm (1890b), Pycraft (1905a—c,
1906b, 1907c), Sonies (1907), Suschkin (1927),
Linsdale (1928), Boetticher (1931), Scharnke
(1932), Kiichler (1936), Stonor (1936, 1937, 1938,
1942), Lowe (1938), Amadon (1950, 1956), Arvey
(1951), Beecher (1953), de Kock (1955), Bock
(1963b), Morioka (1967), Sibley (1968, 1974),
Bock and Morioka (1971), Morlion (1971), S. L.
Olson (1971), L. P. Richards and Bock (1973),
Raikow (1976, 1977a-b, 1978, 1982, 1987, 1993,
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1994), Schodde and McKean (1976), Bock and
Morony (1978a), Raikow et al. (1980, 1990, 1993),
Bock and Clench (1985), McKitrick (1985a-b,
1986), Rich et al. (1985), J. M. Starck (1993), Rai-
kow and Bledsoe (2000), Birdsley (2002).

Clearly, a century of anatomical literature on
most major groups of modern and fossil birds, to-
gether with rich anatomical collections, represented
a wealth of information and foundation for a modern
reappraisal of avian phylogenetics by morpholog-
ical means. Implementation of modern methods
using this vast resource is the substance of the pres-
ent descriptive work and its companion analytical

paper.

Homology—Fundamental Concepts and A Priori Diagnosis

The primary conceptual foundation of characters
and comprised states in a phylogenetic context is
homology, the historical roots of which being within
comparative anatomy (Boyden 1943, 1947; Nelson
1978, 1994; Wiley 1981; Patterson 1982; Roth 1984,
1988; Stevens 1984; de Pinna 1991, 1994; Horder
1994; Panchen 1994; G. P. Wagner 1996; S. R. Harris
et al. 2003). Despite the lasting relevance of the
original concept as articulated by Owen (1843)—one
stressing historical integrity despite diverse form and
function—problems both theoretical and practical
remain (Rieppel 1980, 1992, 1993, 1994; Sattler 1984;
Roth 1991; McKitrick 1994; Sluys 1996). Neverthe-
less, primary assessments of homology and congru-
ent nomenclature are essential for definition and de-
scription of characters (Cracraft 1967b), a necessity
prompting two ancillary revisions of anatomical
complexes as a foundation for characterizations in
the present study prior to analysis (Zusi and Livezey
2000, 2006).

Theory of homology, modalities evident in both
discrete and continuous (metric) traits, and recogni-
tion of typical limits of variation about modalities
within lineages (Archie 1985; Pimentel and Riggins
1987; Baum 1988; Chappil 1989; Thiele 1993; Crowe
1994; Strait et al. 1996; Rae 1998; Rohlf 1998; Swid-
erski et al. 1998; Zelditch et al. 2000; Wiens 2000,
2001; Siddall and Jensen 2003) underlies inclusion of
multistate and polymorphic characterizations (Lip-
scomb 1992; B. Goodwin 1994; Steel and Penny
2005). Multistate characterization, however, is suf-
ficiently complex in practice that important varia-
tion in theoretical perspectives and implemented
protocols exists among systematists (Mabee and
Humphries 1993; Forey and Kitching 2000). More-
over, it is predictable that with increasing taxonomic
scale of an analysis, numbers of variants observed for
(homologous) characters typically will increase, i.e.,

absent artificial imposition of binary structure (see
below), more states are to be expected for a given
character subdelimited for Aves than a comparable
treatment for a single avian order. This expectation
was realized in the present study: one-third of the
characters comprised three or more states.

Recognition of “characters” and “parts” of organ-
isms and subsystems is both fundamental and chal-
lenging for phylogenetic analysis (Rieppel 1991;
Wigele 1994, 1995; Hawkins 2000; McShea and
Venit 2001; G. P. Wagner and Laubichler 2001;
Zwick 2001) and associated macroevolutionary in-
ferences (K. S. Thompson 1992). As has become
standard in comparable works, anatomical features
and variation herein were deemed potentially ad-
missable as phylogenetic characters where inferred
to be homologous (implicitly or explicitly considered
to share genetic bases) and hence possessed of his-
torical signal across taxa (Colless 1985; Rodriguez
1986; Fristrup 2000; Brakefield 2001). Houle (2001:
109) defined characters to be “the units of evolution-
ary change,” the historical tracts of which are em-
ployed by phylogeneticists to reconstruct bifurcating
networks descriptive of phylogenetic descent among
lineages possessing these “units.” Such features were
not only comparable across taxa, but were consid-
ered (and in some cases, demonstrated) to share on-
togenetic mechanisms.

Two levels of assessment (Haszprunar 1992, 1998)
and practical protocols (Ingilis 1966; Brower and
Schawaroch 1996) are employed in inferences of ho-
mology (Patterson 1982; G. P. Wagner 1989a-b,
1995), which essentially embody “primary” or pre-
phylogenetic evaluations, and “secondary” or phylo-
genetic assessments. Primary or pre-analytical as-
sessments that principally emphasize similarity of
definitive form derive from criteria of homology pro-
posed by Remane (1952, 1956), which essentially are
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threefold: (i) similarity of position, (if) similarity of
definitive form, and (iii) continuity of similarity
through intermediate forms (taxa or ontogenetic
stages). These assessments hold a special philosoph-
ical position in that homology is determined inde-
pendently of effect on phylogenetic inferences and
congruence among characters (Haszprunar 1998).
The importance of “similarity” in classical diagnosis
of homology necessitates a fundamental distinction
to be drawn between this usage and the discredited
phenetic perspective in which general “similarity” is
considered to be directly indicative of phylogenetic
relationship among lineages (Wiley 1981).

The third aspect of “primary” assessments ap-
pears to pertain to intermediacy through evolution-
ary relatives, but the wording seems to admit simi-
larity of ontogenetic stages as well (Shubin 1994).
Historically, a centrality of form, linked to the con-
cept of the “archetype,” was related to homology, in
which variation within homologous characters was
interpreted as a departure from the archetypical
form for a taxon (Young 1993). With the conceptual
replacement of static archetypology with modifica-
tion with decent among lineages, variation of all
kinds took on new, often critically important mean-

ings. Fortunately, the relevance of phenotypic hier-
archies to historical descent survived the demise of
the “archetype.”

“Secondary” or phylogenetic affirmations of ho-
mology turn on patterns of state-changes in the phy-
logenetic reconstruction derived from all characters
(de Pinna 1991; Hawkins et al. 1997; Haszprunar
1998). In a sense, the “final” stage of the assessment
of homology reflects the “reciprocal illumination”
that characterizes this process (e.g., Chu 2002). Ad-
mittedly, however, “finality” in this inferential con-
text is illusory, in that this reciprocal process of
stagewise evaluation of homology is repeated with
each new refinement or emendation of characters or
analytical approach employed. In that a historical
view of homology turns appropriately on common
phylogenetic history (Coddington 1988, 1994; Jeffrey
et al. 2002) and inferences of this kind (e.g., G. A.
Clark 1973), assertions of homology seem implau-
sible absent a phylogenetic context and included
transformations of states (de Pinna 1991; Brady
1994). In practice, further refinements of homology
occur with the subsequent reanalysis of characters by
investigators in light of this or subsequent phyloge-
netic works.

Fossils: Analytical Perspectives and Limitations

A purportedly special role for fossils derives from
the traditional assumption that an ancient fossil nec-
essarily represents a primitive lineage, one providing
unique insights into plesiomorphic states of modern,
presumably apomorphic descendant lineages
(Schaeffer et al. 1972; Brodkorb 1976; S. L. Olson
1985). This assumption now is recognized as faulty
(Cracraft 1979, 1980; Coddington 1994; Livezey
1997a), and fossils increasingly are treated simply as
the remains of long-dead representatives of extinct
terminal lineages having likelihoods of analytical im-
portance comparable to those of modern forms. For
example, the discovery of a surviving population of a
single species of dromaeosaurid dinosaur would hold
substantially more promise for phylogenetic infer-
ence of modern Aves—both for analysis of charac-
ters and rooting of trees—than a dozen, typically
preserved, fossil Tetanurae. Anatomical complete-
ness and phylogenetic position, not the time elapsed
since extinction, are the properties critical to phylo-
genetic inference of fossils.

The appearance that fossils per se are uniquely
informative for birds has been distorted further by a
misinterpretation stemming from the recent spate of
new taxa and a misfortune of extinction that resulted
in these extinct lineages being more closely related
to modern birds than any other extant taxon. How-
ever, phylogenetic relationships within neognathous

Neornithes can be estimated through comparative
study of extant representatives alone, deeper infer-
ences being limited substantially by the apomorphies
of palacognathous taxa. A nested series of reason-
ably preserved fossil Theropoda and deeper out-
groups were assumed to provide, in combination, ad-
equate rooting information (Barriel and Tassy 1997,
1998), and to permit inferences among orders or in-
clusive of both palaecognathous and neognathous
Neornithes.

Nevertheless, a minority of investigators persist in
the accordance of special analytical properties to fos-
sils. E.g., a practice of alteration of character states
of modern clades (“crown” groups), based on states
of grades of purported fossil relatives (“stem” taxa)
subtending these terminal groups, is perpetuated by
some in analyses of higher-order phylogenetic rela-
tionships (e.g., G. Mayr 2002a, 2003b, 2004b; G.
Mayr and Clarke 2003; G. Mayr et al. 2003). In ad-
dition to the assumption of necessary plesiomorphy
of fossils, this practice appears to derive from the
traditional paleontological view that fossils modally
or necessarily represent lineages directly ancestral to
modern taxa (Howard 1950; E. C. Olson 1981). This
perspective contrasts markedly with the predomi-
nant neontological view, in which ancestral states are
inferred by reconstruction of phylogenetic relation-
ships among (descendent) terminals. The limitations
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of characterization of fossils resulting from deficien-
cies of preservation and incompleteness, however,
are obvious (Livezey 1998b). P. J. Wagner (2000)
extrapolated these limitations to estimate an asymp-
totic “exhaustion” of morphological characters to be
gleaned from fossil taxa, which could be applied as
well to any collection of specimens. At least until the
present time, however, the apparent “exhaustion”
possibly inferred for neontological specimens would
be principally a function of study, not genuine po-
tential of the material under examination.

Equally unfounded is the assumption that percep-
tions of functional importance are directly indicative
of homoplasy in phylogenetic reconstructions. A
classically entrenched example concerns pelvic re-
finements of Hesperornithiformes, Podicipedidae,
and Gaviidae—initiated by Stolpe (1932, 1935a-b)—
and subsequently perpetuated uncritically (e.g.,
Storer 1960a-b, 1971a-b). A related but more ab-
stract notion asserts that functional dimensions must
be known in detail to qualify a character for inclu-
sion in a phylogenetic analysis (Bock 1967, 1977,
1989; Szalay and Bock 1991). This perspective ap-
pears to be related to a view of characters as “func-
tional units,” a concept of interest in its own right
(Schwenk 2001). In a phylogenetic context, these ad-
aptationist biases subsequently have been countered,
and function is recognized as one attribute of phy-
logenetic history (Cracraft 1981b; Schoch 1986;
Lauder 1990, 1994; Amundson and Lauder 1994,
Knox 1998; Bohning-Gaese and Oberrath 1999; But-
ler and King 2004).

Recent paleontological discoveries have engen-
dered a new generation of hypotheses for evolution
of flight conditional on theropod ancestry (Gauthier
and Padian 1985, 1989; Chatterjee 1997; Zhou and
Hou 1998; Zhang and Zhou 2000; Gishlick 2001;
Zhou and Farlow 2001; Zhang et al. 2002; Chatterjee
and Templin 2003), as opposed to speculative sce-
narios largely predicated on Archaeopteryx and re-
lated ecofunctional preconceptions (Nopsca 1907,
1923, 1925; Feduccia and Tordoff 1979; Ostrom 1979,
1991; Feduccia 1980, 1993, 1995, 1996, 2001; L. D.
Martin 1983a-b, 1991; Wellnhofer 1983; Duncker
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1989; Ulinski and Margoliash 1990; Rayner 1991;
Speakman 1993; Geist and Feduccia 2000).

A parallel progression characterized hypotheses
of origin of feathers and endothermy, in which older
schemes assumed a vague, comparatively direct de-
scent from a reptilian scale (Spearman 1966; Mader-
son 1972; Regal 1975; Brush 1993, 1996) to recent
hypotheses in which several fundamental apomor-
phies are sequenced within Theropoda (Prum 1999;
Brush 2000; Schreitzer and Marshall 2001; Xu et al.
2001), predominantly within inferential limits or
“phylogenetic brackets” (Witmer 1995a). Such phy-
logenetic frameworks are essential for reconstruc-
tion of the evolution of quintessential attributes (Ba-
louet 1987), complex structures (Atchley and Hall
1991; G. P. Wagner and Altenberg 1996), and broad
functional patterns (Holmgren 1933; Feduccia 1973;
Dullemeijer 1980; Carroll 1997; Zweers and Vanden
Berge 1997a-b; Zweers et al. 1997).

Despite counterexamples (Mabee 1989, 1993,
2000) and deficiencies in the knowledge of develop-
mental mechanisms or genetic determinants of char-
acters (Alberch 1985; Meyer 1999; G. A. Wray 1999),
the reasonable assumption of a common ontogeny
for homologues persists as a criterion of variable pri-
ority (Kraus 1978; Nelson 1978, 1994; Roth 1984,
1988; de Queiroz 1985; Kluge and Strauss 1985; G. P.
Wagner 1989a-b, 1994; Wheeler 1990; D. M. Wil-
liams et al. 1990; H. N. Bryant 1991, 1997; de Pinna
1994; Mario 1994; Shubin 1994; Meier 1997; G. P.
Wagner and Gauthier 1999; S. F. Gilbert and Bolker
2001; Jeffrey et al. 2002). This likelihood has been
extended to account for vestigial states (Stone 1998).
Unfortunately, avian systematics has been afflicted
by an apparent conflict between ontogenetic (Hinch-
liffe 1977, 1985, 1989; Hinchliffe and Griffiths 1983;
Holder 1983; Hinchliffe and Hecht 1984) and pale-
ontological evidence bearing on homology of the
manus (Chatterjee 1998b; G. P. Wagner and
Gauthier 1999). This disagreement has been inter-
preted as empirical support both for and against the
hypothesis of theropod ancestry for birds (Hecht and
Hecht 1994; Burke and Feduccia 1997; Feduccia
1999; Feduccia and Nowicki 2002).

Delimitation and Classes of Characters and States

STANDARD PROTOCOL

Of critical importance to any phylogenetic analy-
sis is the issue of the criteria and protocols for defi-
nition of characters and states (Wiley 1981; Pimentel
and Riggins 1987; Pogue and Mickevich 1990;
Stevens 1991; Pleijel 1995; Wiens 1998a,2001). In the
present analysis, natural variation amenable to as-
signment to discrete states (e.g., not presenting a

continuum of conditions among and/or within taxa)
were characterized. Contrary to the generalities in-
ferred by Poe and Wiens (2000), characters were not
excluded merely because variation within one or
more terminal taxa was observed, but because sig-
nificant issues of homology were perceived a priori
by means of delimitation of states or confident allo-
cation of taxa pertained (Salisbury 1999).

Variation within terminal taxa, however, was not
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irrelevant to characterization. We consciously ap-
plied a criterion of scale to the level of detail implicit
in characters and states scored for analysis. We
sought to encode variation among taxa for a feature
showing variation among taxa (historical signatures),
but to do so at a maximal level of detail such that the
associated variation within taxa (“noise”) ap-
proached a practical, relative minimum. Accord-
ingly, this criterion, in which level of detail of char-
acterization approximates a maximum of “historical
signatures” relative to “noise” (within-taxon varia-
tion), may be conceptualized as the precision of fo-
cus and level of (practical) magnification employed
in microanatomical study. This morphological crite-
rion is analogous to choice of scale or power of mag-
nification (e.g., all nucleotides, positionally con-
strained nucleotides, codon, restriction fragments, or
amino acid equivalents) subjected to the plane of
focus by weighting schemes or evolutionary models.
An important reflection of proper scale is that states
derived therein permit objective, independently re-
peatable scoring of taxa under consideration, while
capturing a maximum of information. For example,
myological characters typically are of lesser detail
(comparatively gross nature) in light of preserva-
tional, condition-related, or malleable character of
muscles, whereas comparatively stable details of
skeletal elements permit a finer degree of delimita-
tion.

A hierarchy of mutual exclusivity was conceptu-
ally requisite for characters and included states, a
framework in which relationships among characters
and states are considered of primary analytical and
logical importance. States are mutually exclusive
structural alternatives of characters (H. N. Bryant
1989) diagnosed among the taxa under study. This
methodology is not premised on an ontogenetic in-
dependence of characters and included states—a de-
velopmental improbability under many circum-
stances (Arthur 1984, 2004; Cheverud 2001; West-
Eberhard 2003)—but instead is intended to partition
optimally encoded information while minimizing re-
dundancy. Characters potentially can pertain to a
number of aspects of a single feature or complex
(Hawkins et al. 1997). Characters in turn were hy-
pothesized to be homologous complexes of states—
aspects of phenotypes usually possessed of homol-
ogy at genetic and ontogenetic scales as well as
historical identity and resultant potential for phylo-
genetic signal. In addition to the logical advantages
of this perspective, this approach provides analytical
advantages as well, including suboptimal treatment
of “polymorphism” in search algorithms (Wiens
2000). Given that a number of characters can be de-
vised for a single homologous trait, each compris-
ing two or more mutually exclusive (potentially or-
dered) alternatives, this approach imposes no

practical limits on the empirical foundation for phy-
logenetic reconstructions.

In order to avoid redundancy among characters,
issues of status (presence vs. absence) and form were
included as states within a single character (where
possible) instead of devising multiple, arbitrarily de-
limited, and often partially redundant, binary char-
acters. The practice of “forced-” or “additive-
binary” characterization is not uncommon, espe-
cially in somewhat older morphological applications
(e.g., Chiappe 1992), and often is included in the
concept of “additive binary” characters (Meier
1994). This methodology is considered herein to be
prone to at least two analytical errors: (i) delimita-
tion, principally unintended and unrecognized, of
“empty” combinations of characters and states (ac-
tually unobserved or logically impossible on struc-
tural or functional bases); and (if) unjustified impo-
sition of implicit ordering of states that instead could
be treated more realistically as ordered or unordered
(explicitly) if included within a single, multistate
character. Nonetheless, despite the justifications for
inclusion of multistate characters (Pleijel 1995),
there is no protocol presently available that flaw-
lessly serves all philosophical and practical consider-
ations (Stevens 2000).

In studies committed a priori to strict dichotomy
of characterizations, both classes of error are not
infrequent. An example of an error of type (i) would
attend the separate characterization of status (pres-
ence vs. absence) and form (e.g., rectangular vs. cir-
cular) of a single feature. This scheme holds the po-
tential for the implicit definition of half of the four
two-character conditions that are illogical; all taxa
for which the first character (status) was “absent”
and form was scored as anything but “missing”
would have resulted in impossible biconditional con-
ditions. If recognized as “missing,” the analytical
burdens related to such uncertainty are assumed.

The second problem—occult, unjustified differen-
tial penalizing of state-changes or ordering—afflicts
combinations of states in the two aforementioned
hypothetical characters. If the two, binary characters
were combined into a single, three-state character—
(absent), (present, rectangular), (present, circular)—
transitions among the three states might be unor-
dered (transitions between any two different states,
i.e., unit penalty) or ordered (zero, one, or two steps,
respectively). Alternatively, within the context of
two binary characters, ten directed transitions are
possible, representing four, four, and two transitions
entailing 0, 1, and 2 total steps, respectively; eight of
the ten transitions include at least one internally con-
tradictory condition (e.g., structure absent but of cir-
cular form).

Avoidance of the aforementioned practice leads
to increased numbers of multistate characters (Lip-
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scomb 1992; N. B. Simmons 2001; Siddall and Jensen
2003), a state of affairs that we consider to be a
realistic representation of history, but which argu-
ably may expand the character-space examined (M.
P. Simmons et al. 2004). Morphological evolution—
especially at higher scales of relationships and com-
paratively ancient (inter)nodes—seldom is limited to
binary change and frequently manifests multiple
states ramified among two or more lineages. Nega-
tive impacts on analytical logistics, however, can be
caused by comparatively high proportions of mul-
tistate (especially unordered) characters (Lipscomb
1992).

Regardless of complexity of states within charac-
ters and ordering, throughout we designed the ana-
lytical process on the practical criterion of phyloge-
netic inference (and underlying theoretical premise
of evolutionary change) of maximal (global) parsi-
mony, i.e., we sought the cladistic tree(s) that “ex-
plain” variation among taxa using minimal state-
changes in the dichotomous tree(s) of characters and
taxa included in the ingroup. As this philosophical
and practical perspective is the only one refined for
morphological data, we adopt this approach while
acknowledging its limitations (J. I. Davis et al. 2005)
and restrict justification of the choice to an acknowl-
edgment of ongoing controversies (Wiens and Hillis
1996; Haszprunar 1998; Kluge 2005; Steel and Penny
2005).

WEIGHTING OF CHARACTERS

A compendium of characters to be included in a
phylogenetic analysis may seem to be independent
of the imposition of ordering or differential weights
to characters. To the contrary, however, inferences
regarding sequential relationships among states
within characters and relative signal predicted a
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priori for characters can influence both the merging
and partitioning of states among candidate charac-
ters and the likelihood of inclusion of characters pos-
ing diverse challenges of coding. Ultimately, charac-
ters were coded for taxa using MACCLADE® (Mad-
dison and Maddison 1992).

A topic of waning popularity—differential
weighting of characters (Neff 1986; Wheeler 1986; H.
N. Bryant 1989; Chippindale and Wiens 1994)—
characters were assigned uniform weight a priori in
this analysis (but see Neff 1986). However, limited
use of weighting a posteriori or “successive weight-
ing” or the iterative, increasingly intense weighting
of characters based on recursive searches (Farris
1969; J. M. Carpenter 1988; Trueman 1998) may be
justified, especially in exploratory contexts.

A comparatively uncommon and subtle use of
weighting, also eschewed herein, is the inverse
weighting of multistate characters in proportion to
the number of states defined (e.g., James et al. 2003).
Intended to avoid “artificial” inflation of influence
by multistate characters under the criterion of par-
simony (especially where variation is problematic),
we consider the practice to be faulty for two reasons:
(i) given that many investigators artificially impose
binary structure on characters that others would con-
strue as multistate characters, number of states per
character is at least in part subjective and exacerbat-
ed by a bias for combination of states or division of
characters; (ii) organization of traits as characters
and states thereof is often subjective with respect to
numerical parsimony, i.e., one step may correspond
to one change regardless of whether the change is
within or between characters; and (iif) multiple
states may reflect magnitude of evolutionary change
and potential phylogenetic signal, such that no at-
tempt to down-weight phenotypic richness, espe-
cially where subjected to uniform, unbiased defini-
tional protocols, would be justified.

Classes of Variation

INTRASPECIFIC VARIATION AND POLYMORPHISM

The evolutionary implications of phenotypic
variation within species, although subject to increas-
ingly sophisticated theoretical and empirical study
(Lajus et al. 2003; Nijhout and Davidowitz 2003;
David et al. 2004; Frankino and Raff 2004), tend to
be viewed merely as obstructions to robust phyloge-
netic hypotheses. The nature of terminal taxa and
associated protocols for coding hold implications for
frequencies of polymorphic codes, e.g., in the pre-
sent study variation observed for close relatives of
the exemplar taxa was reflected in polymorphic
characterizations for that terminal.

Analytical treatment of multiple-state codings as
polymorphism sensu stricto (N. B. Simmons 2001), as
opposed to equation with complete uncertainty, aug-
ments information for all but binary characters
(Nixon and Davis 1991; Crandall et al. 1994; Wiens
1995, 1999, 2000; Wiens and Servedio 1997), espe-
cially where ordering is imposed (Maddison and
Maddison 1992; Swofford 1998). Where additional,
informative character states occur in closely related
taxa but not found in exemplar taxa, this was re-
corded in associated notes. The corresponding codes
for polymorphic states per se (e.g., “a/b,” “b/c,” “a/
¢,” and “a/b/d/f”) were explicitly defined in the data
matrix. However, for the sake of brevity, polymor-
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phism codings were not listed in character descrip-
tions.

ORDERING OF STATES

Intrinsic qualities of characters, including order-
ing, were assessed prior to analysis and therefore are
discussed in this descriptive work. We acted in
accordance with the premise that ordering should
be intentional, justified, and explicitly indicated.
Where characters were treated as ordered, single
steps (s = 1) are implied by changes between con-
secutive states (e.g., “a,” “b,” and “c”), with changes
of more than one state following accordingly (Slow-
inski 1993). E.g., for number of steps (s), ordering of
states=ord {a, b, c} = 5 (“a” = “c” v “c” > “a”) =
2. Transitions in states were considered to be com-
mutative—i.e., s (“x” = “y”) = s (“y” > “X”)—
which implies that reversals are no more “costly”
than apomorphic changes (Hauser and Presch 1991;
Slowinski 1993).

An alternative, comparatively uncommon proto-
col is irreversibility, which imposes unidirectionality
of change (i.e., precludes reversals). Similarly, Dollo
parsimony—under which an apomorphy is limited to
a single instance in the tree and homoplasy to mul-
tiple losses (reversals)—imposes a variably pervasive
preconception about evolutionary change on the
analysis, likely altering set of shortest trees, increas-
ing the minimum tree length, and changing optimi-
zations of other characters. Analytical refinements
concerning evolutionary reversibility of characters
(Sanderson 1993) and alternatives to strict parsi-
mony in morphological contexts (P. J. Wagner 1998;
Lewis 2001) are forthcoming.

Meristic characters (e.g., morphoclines) or con-
tinuous morphometric characters (Baum 1988;
Thiele 1993; Crowe 1994; Strait et al. 1996; Rae 1998;
Swiderski et al. 1998) most commonly were ordered,
as were characters comprising states related natu-

rally by structure, e.g., by size or ordinal states con-
cerning linearity, proximity, or pneumaticity. Unor-
dered characters assign single steps to transitions be-
tween any pair of different states of a given
character. All assignments of steps (s) between
states, including noncommutative (asymmetrical)
transitions—i.e., s (“a” — “¢”) # s (“c” — “a”)—can
be represented by step-matrices. Elements of such
matrices specify a “cost” or number of steps to each
pairwise transition (Ree and Donoghue 1998). Lin-
early (un)ordered characters are but special cases of
a step-matrix, the latter embodying the quantitative
paradigm for hypotheses of phylogenetic character-
istics of discrete morphological characters. E.g., an
unordered, commutative (symmetrical), multistate
character corresponds to a step-matrix—entries for
rows and columns corresponding to initial and ter-
minal states, respectively)—in which diagonal ele-
ments are zero and off-diagonal elements are one. A
linearly ordered, symmetrical character comprising
five states (“a” through “e”), in which transitions of
identity (e.g., “a” — “a”) or “silent” transitions (e.g.,
“a” —> “b” — “a”) are undetected and treated as
zero change, corresponds to the following step-
matrix of upper-diagonal form:

ab c de
a[ 01 2 3 47]
b 01 2 3
c 01 2
d 01
e L_ 0 _|

Transitional “penalties” (here given as integral) be-
tween states of any discrete character can be speci-
fied similarly by step-matrices (Hauser and Presch
1991; Slowinski 1993), and can serve as a valuable
tool for interpreting homoplasy (Ree and Donoghue
1998).

Outgroups and Basal Polarities

As with the issue of ordering of states within char-
acters, the selection and use of outgroups may seem
more germaine to phylogenetic analysis sensu tree
searches. However, outgroups are pertinent here
both with respect to: (i) the expansive impact on
taxonomic scale through admission of recently dis-
covered, analytically critical taxa, as well as (ii) cod-
ing of character states of outgroups with respect to
preservation of specimens, published literature, and
the related issue of missing data.

Given the advantages of inferring basal polarities
by comparison of ingroup taxa with two or more

outgroup taxa (Watrous and Wheeler 1981; Maddi-
son et al. 1984; Nixon and Carpenter 1993; Barriel
and Tassy 1997, 1998; H. N. Bryant 2001), despite
some progress in alternative approaches (Stevens
1980), a suite of outgroups was used to root trees in
the present analysis, with ontogenetic evidence em-
ployed only in ancillary capacity (Kraus 1978; Nelson
1978; de Queiroz 1985; Kluge and Strauss 1985;
Wheeler 1990; H. N. Bryant 1991; de Pinna 1991,
1994; Rieppel 1993; Mabee 2000). The state consid-
ered plesiomorphic a priori among those observed,
typically upon ancillary criteria such as inclusion of
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taxa established as basal, ontogenetic information,
and/or morphoclinal ordination (H. N. Bryant 1991),
were assigned state “a.” In multistate, ordered char-
acters, states other than the first that are provision-
ally averred to be plesiomorphic for Neornithes are
distinguished in the notes where assignments are
considered of interest. It is critical, however, to distin-
guish such a priori judgments from the means of root-
ing the tree, the latter being based on outgroups (Wes-
ton 1994; H. N. Bryant 2001), the former simply being
a convention of style having no analytical importance.

It is worthwhile to note that Mesozoic fossils were
treated directly as outgroup taxa for purposes of
rooting trees, and not as special purveyors of insights
into polarities on the grounds of mere antiquity or
fossilization. For Aves, it is merely an accident of
taphonomy and patterns of extinction that taxa most
informative as outgroups (i.e., the Dinosauria) are
limited to fossil taxa, the only logical extant alterna-
tive being the distantly related Crocodylia (Hedges
1994). Under certain special circumstances of unifor-
mity of rates and relative density of sampling, how-
ever, fossil taxa of confident stratigraphy can permit
estimates of absolute rates that are not accessible by
means of modern terminals (Benton 1995, 1998;
Benton and Storrs 1996; Benton and Hitchin 1997).
Although rooting with Crocodylia is commonly em-
ployed as the sole outgroup in molecular analyses of
higher-order Aves (van Tuinen et al. 2000; van
Tuinen et al. 2001; van Tuinen and Dyke 2003; Dyke
and van Tuinen 2004), it is a practice exacerbated by
excessive reliance on the demonstrably weak as-
sumption of “clocklike” rates of evolutionary
changes over these enormous expanses of time and
diverse evolutionary lineages, which in practice re-
quires substantial “resetting” multiple times within
Neornithes alone (Dyke 2003). If for a given sample
of genes the crocodylian rooting is, in fact, largely
uninformative (i.e., effectively random, unreliable
for estimates of initial states in extinct sister-groups
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of Aves), the resultant tree would effectively repre-
sent a phenetic clustering of taxa; in a minority of
molecular studies that, like Sibley and Ahquist
(1990), placement of Passeriformes as basal among
Neornithes (e.g., Waddell et al. 1999), seems a likely
cause for uninformative or misleading rooting where
insufficiently conservative genes and/or crocodylian
outgroups are used for inferences among modern
Aves. The enormous span of time between times of
divergence of Crocodylomorpha also is conspicuous
in phylogenetically framed morphological compari-
sons (Brochu 1997). In the present study the pros-
pect of rooting solely with crocodylomorphs proved
daunting if not outright impossible for reasons of
noncomparability; the recently augmented sample of
more closely related (fossil) outgroups in a morpho-
logical context proved an enormous windfall of data
for purposes of rooting.

Accordingly, Mesozoic Theropoda closely related
to Aves were used for purposes of rooting as strict
outgroups, as opposed to the paleotraditional as-
sumption that fossils are necessarily informative re-
garding plesiomorphic states by direct ancestry
(Brodkorb 1971a, 1976). This simplistic view has
been discounted by avian counterexamples for root-
ing at diverse phylogenetic scales, e.g., fossils Gas-
tornis, Diatryma, Presbyornis, Enaliornis, or Terator-
nis. A particularly well-established case is the com-
paratively greater utility of extant Galliformes,
Anhimidae, and Anseranatidae relative to Eocene
Presbyornis for purposes of interordinal inferences
among the Galloanseres (Livezey 1997a). On prac-
tical grounds alone, however, most fossil Aves from
the early Cenozoic simply are preserved inad-
equately for purposes of characterizations, most be-
ing represented by a small minority of essential skel-
etal elements (cf. Brodkorb 1964, 1967, 1971a-b; S.
L. Olson 1985), and virtually none conserve signifi-
cant information pertaining to characters of the mus-
culature or integument.

“Missing” Characters and States

Wherever possible, we distinguished two primary
classes of “missing” data in descriptions of charac-
ters and listing of taxa by states: (i) “missing charac-
ters” sensu taxa were deemed “noncomparable”
(Maddison 1993; Strong and Lipscomb 1999) or “in-
applicable” (D.-C. Lee and Bryant 1999), and (if)
unknown or undetermined states, sensu a character
in one or more taxa could not be compared reliably
because of quality of specimens (Nixon and Davis
1991; Platnick et al. 1991; Wilkinson 1995, 2003). The
former typically arises because fundamental mor-
phological changes in a given anatomical region pre-
clude confident comparison of states between groups

of taxa, thereby preventing confident comparison of
homologues. Examples included: (i) characters of
the pectoral limb in the Dinornithiformes; (if) states
were not determined because of a lack of suitable
specimens, especially fossils (Kidwell and Holland
2002). Despite the differences between the two
classes of uncertainty (Maddison and Maddison
1992; Swofford 1998), both were analyzed as “miss-
ing” because both represent similar analytical chal-
lenges (Nixon and Davis 1991) and this approach
remains the only option available with existing soft-
ware (Pleijel 1995; Hawkins et al. 1997; Strong and
Lipscomb 1999).
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Published Provenance of Characters

Important studies that pertained to particular
characters were cited under “Notes” to reflect the
history and frequency of use of characters. Only a
minority of such references refer to variation identi-
cal to that partitioned by the characters with which
the former are noted (e.g., some references are cited
under multiple characters). However, all were
averred to pertain to the same anatomical features
or phylogenetic information derived therefrom, al-
though often based on other taxa or using different
states.

Incorporation of characters original to the litera-
ture generally entailed both identification of charac-
ter and states (including both formerly recognized

and newly defined), and frequently entailed inter-
pretation of diverse approaches to description and
translation of features into formal anatomical no-
menclature. Paleontologically derived characters
were based in part on monographic classics—e.g.,
Ostrom (1969, 1974a, 1976a) for Deinonychus, Os-
trom (1972, 1974b, 1976b) for Archaeopteryx, and
Ostrom (1978) for Compsognathus—and new de-
scriptive treatises—e.g., Welman (1995) for Eu-
parkeria, and Brochu (2003), Currie (2003), and Cur-
rie et al. (2003) for Tyrannosaurus—but most cita-
tions refer to works using classical or vernacular
nomenclature that we redescribed using formal no-
menclature as part of incorporation.

Published Characters Excluded from Analysis

JUSTIFICATION

This work is not intended to serve as a complete
compilation of morphological variation in Aves and
closely related Theropoda. Characters included
herein represent variation that was deemed: (i) trac-
table and describable for the taxa to be analyzed;
and (if) if variable within taxa, either a clear modal-
ity was discerned or polymorphism of recognized
states was inferred. Many forms of variation mani-
fested by taxa not included as exemplars are known
and described in publications, but for reasons of
taxonomic samples and phylogenetic scale were not
admissable for the present analytical purposes. Ex-
amples of characters apparently meaningful for
more restricted groups of taxa but not considered
informative here include: (/) many of the characters
described by Holdaway (1991: appendix 5.1) for fal-
coniform genera; (ii) partially redundant suites of
characters by O’Hara (1989) and Bertelli and Gian-
nini (2005: appendix 2) for species-level analyses of
Spheniscidae; and (i) virtually all of the subtle os-
teological characters employed by James et al. (2003:
appendices 1-2) and James (2004: appendices 1-2)
for passerines. A re-analysis of the data set of K. Lee
et al. (1997) by Dyke (2003) could not be included in
the synonymies of characters, hence listings in the
former must suffice. Similarly, Pereira and Baker
(2005) re-analyzed the characters of Strauch (1978),
but were not explicitly cited in the character descrip-
tions as no original information was provided.

Characters noted by previous authors may have
been excluded for one or more of the following rea-
sons: (i) inadequacy of descriptions; or (ii) variability
presented continua of states, often within taxa, not
tractable by coding, including use of polymorphism
(as delimited here). In a number of instances, exclu-
sion simply reflected our inability to recognize the

variation intended by the authors of the published
description(s).

EXCLUDED OSTEOLOGICAL CHARACTERS

Cranium et Ossa Faciei

Duijm (1951) and Elzanowski and Galton (1991:
character 1).—angularity of lamina parasphenoidalis
relative to ossa maxillare et palatina (“airen-
cephaly”); S. F. Simpson and Cracraft (1981: charac-
ter 14).—lateromedial (bilateral) compression of cal-
varia; Dyke et al. (2003: appendix 1, character 21).—
margo ventralis foraminis magnum; Cracraft (1986:
appendix, character 53), Chatterjee (1991: character
4), Elzanowski and Galton (1991: character 2).—
sulcus venus semicircularis; Chu (1998: appendix 1,
character 4).—position of crista (linea) nuchalis
transversa; Cracraft (1988: series VII, character 3),
Cracraft and Mindell (1989: table 1, character 29),
Livezey (1991: appendix 1, character 155), Ericson
(1996: character 3), and Livezey (1996b: appendix 1,
character 7).—externum of basis rostri parasphenoi-
dalis; Maryanska et al. (2002: appendix 1, character
65).—articulatio pterygo-palatina; Sereno (1999:
character 141) and Suzuki et al. (2002: character
4).—proportion of ramus dentalis in mandibula;
Norell and Clarke (2001: appendix I, character 43),
J. A. Clarke (2002: appendix I, character 43), J. A.
Clarke and Norell (2002: appendix 2, character 43),
and Zhou and Zhang (2002: appendix III, character
43).—proximity of ossa spleniales to symphysis man-
dibulae; G. Mayr (2003b: appendix I, character 6).—
stipes columellae; Cracraft (1982: series 1, character
1) and Cracraft (1988: series X, character 1).—
impressio musculi facies lateralis corporis et proces-
sus orbitalis quadrati; Xu (2002: suite II, character
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15).—fovea ventralis (orbitalis) laterosphenoidale;
Cracraft (1988: series V, character 5) and Cracraft
and Mindell (1989: table 1, character 16).—“anterior
wall of the middle-ear cavity thickened and cancel-
lous.”

Livezey (1998b: appendix A, character 79).—
impressiones cranii origiorum tendinorum ossifi-
cantes musculorum mandibulae; Maryanska et al.
(2002: appendix 1, character 76).—relative height of
processus retroarticularis; Chatterjee (1991: charac-
ter 6).—axis majoris cavitas cranii ossium basioccipi-
tale, basisphenoidale, et parasphenoidale; Elza-
nowski (1991: table 3) and Elzanowski and Galton
(1991: character 17).—situs post-temporalis forami-
nis ramus occipitalis arteria ophthalmici externa;
Livezey (1998b: appendix A, character 20).—
bilaterally broad processus rostralis (premaxillare)
ossis nasale; Holtz (2000 [1998]: appendix I, charac-
ter 95), citing in turn Makovicky and Norell
(1998).—foramina nervorum cranii fossae acoustica
interna; Chatterjee (1991: character 3) and Chatter-
jee (1999: appendix II, character 4).—fossa cerebelli,
caudal extension to position ventral to os supraoc-
cipitale within cavum cranii; G. Mayr (2004b: appen-
dix 1, character 14).—processus paroccipitalis, cau-
dal curvature at terminus; Chu (1998: appendix 1,
characters 12-13).—foramina nn. trochlearis et oph-
thalmici in incisura nervus optici of os laterosphe-
noidale; Sereno and Novas (1992: appendix, charac-
ter 4) and Coria and Currie (2002: appendix 1, char-
acter 1).—sizes of dorsalmost of two fenestrae
diagnostic of “Diapsida” (cf. Chiappe et al. 1998;
Hou et al. 1999a) delimited largely by cruciate os
postorbitale; Brochu (2003).—os sphenethmoidale;
Xu (2002: suite I, character 29).—processus man-
dibularis quadrati, facies articularis pterygoidea in
Sinornithosaurus; Sereno et al. (1994, 1996), Holtz
(2000 [1998]: appendix I, character 48), Holtz (2000
[1998]: appendix 2, character 48), and Rauhut (2003:
character 41, fig. 12).—processus jugalis (ventralis)
postorbitale; Marceliano (1996), Xu and Norell
(2004: supplement, character 208).—os angulare
relative to cavitas glenoidalis mandibulae.

Sereno (1999: character 138) and Suzuki et al.
(2002: character 1).—processus frontalis premaxil-
laris; Xu (2002: suite I, character 20).—cavitas ven-
tralis ossis premaxillare of Sinornithosaurus, a simi-
lar condition in ceratosaurians (Rowe and Gauthier
1990); Sereno et al. (1998: footnote 22, character
11).—sutura maxillaropremaxillaris; J. M. Clark et
al. (1994), Chu (1998: appendix 1, character 46),
Norell and Clarke (2001: appendix I, character 16,
part), J. A. Clarke (2002: appendix I, character 16,
part), J. A. Clarke and Norell (2002: appendix 2,
character 16, part), Zhou and Zhang (2002: appendix
ITI, character 16, part), and G. Mayr (2004b: appen-
dix 1, character 6).—synostosis (sutura) palatino-
maxillaris, lamella dorsalis palatini; G. Mayr (2004a:
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appendix 1, character 11) and G. Mayr and Ericson
(2004: appendix I, character 14).—terminus caudalis
vomeris; Sereno et al. (1996: footnote 45, character
32), Holtz (2000 [1998]: appendix I, character 14),
Holtz (2000 [1998]: appendix 2, character 14), Mary-
anska et al. (2002: appendix 1, character 3), and
Maryanska et al. (2002: appendix 1, character 9),
concerning relative length of rostrum; Cracraft
(1986: appendix, character 41) and Witmer and Mar-
tin (1987: character 7).—junctura vomeromaxillaris;
Chu (1998: appendix 1, character 59), citing Strauch
(1978)—os prearticulare; Chu (1998: appendix 1,
character 60).—junctura prearticulo-splenialis;
Hughes (2000: appendix 2, character 38), possibly
determinable for therizinosaurid Erlicosaurus (J. M.
Clark et al. 1994).—fossa cranii caudalis (os exoc-
cipitale), fovea ganglii vagoglossopharyngealis (fora-
men n. vagi), rostrocaudal position relative to ostium
of canalis ophthalmic externi; Prum (1988: character
5) and J. A. Wilson and Sereno (1998: appendix,
character 76).—junctura (articulatio) jugo-ecto-
pterygoidea.

Hughes (2000: appendix 2, character 35).—margo
caudalis of lamina basiparasphenoidalis (“crista basi-
laris transversa”) and ostium canalis carotici;
Livezey (1991: appendix 1, character 156).—relative
diameters of foramina nervorum maxillomandibu-
laris et opticum; Chu (1998: appendix 1, character
25).—confluence of sulci nervorum olfactorii orbi-
tae; Hughes (2000: appendix 2, character 10).—
ventral attenuation of processus orbitalis lacrimalis;
Sereno (1999: character 18), Norell et al. (2000: ap-
pendix 1, character 15).—“basisphenoidal recess”;
Prum (1988: character 25).—“prominent ridge” be-
tween orbita; Livezey (1996a: appendix 1, character
3) and Chu (1998: appendix 1, characters 37-38).—
terminus rostralis aperturae nasi.

Elzanowski and Galton (1991: character 11).—
“foramen venae cerebralis mediae replaced by reces-
sus”; Xu et al. (2002: supplement, character 23).—
presence of fossae (formina) pneumatica along rima
fossae antorbitalis; Siegel-Causey (1997: table I,
character 2), Maryanska et al. (2002: appendix 1,
characters 63, 67, and 89), Suzuki et al. (2002: char-
acter 14), Xu (2002: suite I, characters 36, 38, and
58).—variation in foramen nervi cranialis V by Saiff
(1974, 1976, 1978, 1981, 1982, 1983, 1988) and
summarized by Siegel-Causey (1997: table I, charac-
ter 3) and Chu (1998: appendix 1, character 48).—
lateromedial curvature of os palatinum, lamina choa-
nalis dorsalis, margo medialis, processus choanalis;
Cracraft (1974: cranial character 2, part), Cracraft
and Mindell (1989: table 1, character 24), Elzanowski
(1995: character N9), and Ericson (1997: table 1,
character 8).—articulatio palatino-rostroparasphe-
noidalis; Elzanowski (1995: 39).—ostium rostralis
choanae ossea palatina; Elzanowski and Wellnhofer
(1996: fig. 11) and Xu (2002: suite I, character 46).—
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facies articularis quadratica pterygoidei; Elzanowski
(1991: table 3), Elzanowski and Galton (1991: char-
acter 15), and Elzanowski (1995: character Nb’5).—
“suprarecessal compartment”; Technau (1936),
Harrison and Walker (1976a-b: figs. 1 and 3), and
Bourdon et al. (2005: appendix 1, characters 8 and
11).—bulbus nasomaxillaris (new term) et sinus ant-
orbitalis.

Sereno et al. (1996: footnote 45), Holtz (2000
[1998]: appendix I, character 52), and Holtz (2000
[1998]: appendix 2, character 52).—rostral bulbosity
of os postorbitale; Chu (1998: appendix 1, character
15).—foramen ophthalmicum internum, sella tur-
cica; Maryanska et al. (2002: appendix 1, character
1).—ratio between preorbital and “basal” skull
lengths; Bakker et al. (1988) and Holtz (1994a: ap-
pendix 1, characters 63 and 103), concerning cuneus
occipitalis between crista nuchalis transversa et fo-
ramen magnum; G. Mayr (2002b: appendix 1, char-
acter 7).—dorsoventral extent of processus paroc-
cipitalis (ossa exoccipitale et parasphenoidale) rela-
tive to cranium; Livezey (1997a: appendix 1,
character 6; corrigenda, Livezey 1998a), Hughes
(2000: appendix 2, characters 33-34).—crista basi-
laris transversa parasphenoidalis; Livezey (1997a:
appendix 1, character 30; corrigenda, Livezey 1998a),
Livezey (1998b: appendix A, character 21), and re-
lated feature by Chu (1998: appendix 1, character
42).—facies dorsalis of os premaxillare, corpus ossis
premaxillare, at terminus rostralis of apertura nasi
ossea; J. D. Harris (1998: appendix 2, character 16),
Azuma and Currie (2000: appendix 1, character 98),
and Currie and Carpenter (2000: appendix 1, char-
acter 20).—length of corpus ossis quadrati; G. Mayr
(2002a: legend fig. 9, node 3, character 1).—planum
sagittalis mandibulae.

Shufeldt (1901d: 300), Ericson (1997: table 1,
character 11; table 2, character 9), and Chu (1998:
appendix 1, character 45).—situs dorsoventralis of os
maxillare, processus palatus relative to junctura ju-
gomaxillaris; Maryanska et al. (2002: appendix 1,
character 20).—situs dorsoventralis of apertura na-
salis relative to os maxillare, and related character by
Xu (2002: suite I, character 41); Elzanowski (1991:
table 3), Elzanowski and Galton (1991: character
16).—extension of crista (linea) nuchalis transversa
onto os squamosum, processus zygomaticus; Currie
and Zhao (1994b [1993b]), Zhao and Currie (1993
[1994]), and Xu (2002: suite I, character 27).—
processus caudolateralis of os parietale; Livezey
(1998b: appendix A, character 36).—concavitas ven-
tralis palatini, pars lateralis et lamina choanalis ven-
tralis; Xu (2002: suite I, character 31).—sulcus me-
dialis pterygoidei; Chu (1998: appendix 1, character
56).—lateromedial expansion os dentale, pars dorsa-
lis at margo dorsalis of os spleniale in Laridae; Norell
et al. (2000: appendix 1, character 4).—canalis osseus
rami maxillaris n. cranii V; Maryanska et al. (2002:

appendix 1, character 5).—relative rostrocaudal
length of os premaxillare; Livezey (1998b: appendix
A, character 38).—rostral terminus vomeris relative
to apertura nasi ossea; G. Mayr et al. (2003: appen-
dix 1, characters 20 and 22).—forma mandibulae.
Xu (2002: suite I, character 34).—carina rostralis
on facies medialis of sulcus dentorum premaxillares;
Xu (2002: suite I, character 32).—foramina ventral to
dentes dentalis; Sanz et al. (1997: footnote 29, char-
acter v).—margo ventralis fenestrae caudalis man-
dibulae; Chu (1998: appendix 1, character 63) and
Hughes (2000: appendix 2, character 56).—pars ros-
tralis corporis et cornua ossis (cartilaginis) paraglos-
sum (entoglossum), Maryanska et al. (2002: appen-
dix 1, character 53).—“depression in the periotic re-
gion”; Elzanowski (1995: 43) and Rotthowe and
Starck (1998: appendix, character 9).—ephemeral
presence of sutura intersupraoccipitalis (Kurochkin
1995b), Currie and Carpenter (2000: appendix 1,
character 19).—“preorbital bar” of “suborbital pro-
cess”; Elzanowski (1995: character ?PG’4).—
processus caudalis ossis maxillare; Technau (1936);
Harrison and Walker (1976b: figs. 1 and 3); Bourdon
et al. (2005: appendix 1, characters 8 and 11).—
bulbus nasomaxillaris (new term) et sinus antorbit-
alis; Cracraft (1985: character 3); Bourdon et al.
(2005: appendix 1, character 2); Bourdon (2006:
supplement, character 94). Disputed by: G. Mayr
(2003b: character 3); Bourdon et al. (2005: appendix
1, character 2).—microapertura nasi ossea (new
term); Bourdon et al. (2005: appendix 1, characters
6-7).—forma ossis palatini; Bourdon et al. (2005: ap-
pendix 1, character 30).—forma pila otica.
Bourdon et al. (2005: appendix 1, characters 2-3),
Shufeldt (1888d: figs. 1 and 3), Bourdon et al. (2005:
appendix 1, character 3).—apertura nasi (nasalis) os-
sea; Duijm (1951), Bourdon et al. (2005: appendix 1,
character 20).—os parasphenoidale (ventral perspec-
tive), lamina parasphenoidalis (basisphenoidalis);
Cracraft (1985: character 15), Bourdon et al. (2005:
appendix 1, character 28).—recessus (cavitas) tym-
panicum(as), foramen efferens nervi maxilloman-
dibularis, ostium recessi tympanici rostrali, situs rela-
tivum; Bourdon (2006: appendix 1, character 32).—
ossa otica, fossa parabasalis, atrium (processus)
metoticus, foramen (sulcus) n. glossopharyngealis;
Bourdon et al. (2005: appendix 1, character 23),
Bourdon (2006: supplement, character 77).—ossa
otica, fossa parabasalis, atrium (processus) metoti-
cus, foramen (sulcus) arteria ophthalmica externa;
Bourdon et al. (2005: appendix 1, character 24).—
ossa otica, pila otica, pronounced caudoventral ori-
entation, associated with lateral orientation of cotyla
quadratica otici; Cracraft (1985: fig. 2), Elzanowski
and Galton (1991: fig. 4D), Bourdon et al. (2005:
appendix 1, character 30).—os quadratum, processus
orbitalis; Bourdon (2006: supplement, character
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10).—frons, rostrum maxillae, regio proximodorsa-
lis, expansion as planar, triangular facies.

Columna Vertebralis

Hughes (2000: appendix 2, character 127).—shape
of facies articularis of zygapophysis caudalis axialis;
Makovicky (1995) and Rauhut (2003: character
94).—“large groove excavated into posterior base of
axis,” possibly in reference to lacuna interzyg-
apophysialis caudalis; Dyke and Gulas (2002: appen-
dix 1, character 37).—“groove on caudal surface of
hypapophysis” of vertebrae cervicales in galliforms;
Payne and Risley (1976: character 15).—“posterior-
most [cervical vertebra] with lateral vertebral canal”
among Ardeidae; Sereno (1991a: appendix, ingroup-
clades character 21) and Holtz (2000 [1998]: appen-
dix I, character 164).—heterogeneity of corpus
lengths in vertebrae cervicales communis; J. D. Har-
ris (1998: appendix 2, character 82) and Currie and
Carpenter (2000: appendix 1, character 67).—
“aliform process” of extremitas dorsalis of costae
cervicales; Rauhut (2003: character 98), pertaining to
essentially invariant “broad ridge from the di-
apophyses to the ventral rim of the posterior end of
the vertebral centra”; Payne and Risley (1976: char-
acter 29).—synostosis iliosynsacralis; Novas (1994
[1993]: appendix, character 1).—presacral elements;
Livezey (1998b: appendix A, characters 275-278).—
crista spinosa.

Skeleton Pectoralis

Bourdon et al. (2005: appendix 1, characters 40—
41).—extremitas proximalis humeri, impressio inser-
tii m. latissimus dorsi, situs relative to margines dor-
salis et ventralis; Furbringer (1888: plate I1I), Ku-
rochkin (1995b: table 1, character 7), and Livezey
(1998b: appendix A, character 175).—lateromedial
thickness of corpus scapulae, margo ventralis;
Cracraft (1982: series 3, character 5), Gauthier (1986:
14), Livezey (1986: appendix 1, character 50),
Livezey (1996a: appendix 1, character 49), Livezey
(1997a: appendix 1, character 77; corrigenda, Livezey
1998a), Chu (1998: appendix 1, character 83), Norell
and Clarke (2001: appendix I, character 90), J. A.
Clarke and Norell (2002: appendix 2, character 90),
and Zhou and Zhang (2002: appendix III, characters
90-91).—pneumaticitas coracoidei; Livezey (1998b:
appendix A, character 210).—incisura cristae bicipi-
tale humeri; Chu (1998: appendix 1, character 94).—
crista deltopectoralis relative to impressio insertii m.
deltoideus major humeri; Bledsoe (1988: appendix,
character 16).—widths of extremitates relative to
corpus proprius humeri; Sanz and Buscalioni (1992:
character 5).—diameters of femur and ulna.
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Bledsoe (1988: appendix, character 22).—impres-
sio ligamentosus (possibly sulcus nervi radialis hu-
meri), refuted by K. Lee et al. (1997: appendix 2); G.
Mayr and Clarke (2003: appendix A, character 78)
and G. Mayr (2004a: appendix 1, character 41).—
impressio m. scapulohumeralis cranialis; Bledsoe
(1988: appendix, character 20), Novas (1996: appen-
dix, character 9, part), Novas (1997: appendix, char-
acter 9, part), and Novas and Puerta (1997).—
distinctness of condylae dorsalis et ventralis humeri;
Kurochkin (1995b: table 1, character 13) and Ericson
(1997: table 1, character 61).—lateral flattening of
facies ventralis ulnae; Norell and Clarke (2001: ap-
pendix I, character 132), J. A. Clarke and Norell
(2002: appendix 2, character 132), and Zhou and
Zhang (2002: appendix III, character 132).—relative
proportions of margo caudalis condyli and facies ar-
ticularis of trochlea carpalis ulnae; G. Mayr (2004c:
appendix I, character 18).—relative size of cotyla
ventralis ulnae; Vazquez (1992).—articulatio ulno-
carpo-metacarpalis ventralis; Livezey (1986: appen-
dix 1, character 49), Livezey (1996b: appendix 1,
character 27), calcar ossis radiocarpalis (Rand 1954:
fig. 1D), Chatterjee (1999: appendix II, character
62).—enlargement of os carpi ulnare; Ji et al.
(2001).—*“semilunate carpal” and “os radiale”; Chat-
terjee (1999: appendix II, character 60), Maryanska
et al. (2002: appendix 1, character 141).—“angling”
of os metacarpale alulare; G. Mayr (2004a: appendix
1, character 46).—relative length of phalanx proxi-
malis digiti II manus; Ostrom (1969) and Xu (2002:
suite II, character 37).—phalanx tertius digiti ITI ma-
nus; Novas (1994 [1993]: appendix, character 43) and
Ji et al. (2001).—phalanges digitorum of Dromaeo-
sauridae; Bourdon (2006: supplement, character
29).—corpus humeri, craniocaudal curvature; Bour-
don (2006: appendix 1, character 58).—extremitas
proximalis humeri, crista deltopectoralis, ambitus
distalis (%) corporis; Bourdon (2006: supplement,
character 60).—extremitas proximalis humeri, im-
pressiones mm. latissimi dorsi, extent distal to crista
deltopectoralis; Bourdon et al. (2005: appendix 1,
character 36); Bourdon (2006: supplement, character
61).

Skeleton Pelvicus

Cracraft (1974: 503, character 18), Gauthier (1986:
text character 77), Kurochkin (1995b: table 1, char-
acter 20), Novas (1996: appendix, characters 48-49),
K. Lee et al. (1997: appendix 1, character 21), Novas
(1997: appendix, characters 49-50), Novas and
Puerta (1997), Sues (1997: appendix I, character 36),
Livezey (1998b: appendix A, character 262), Xu et
al. (1999a: character 42), and Zhou and Zhang (2002:
appendix III, character 161).—orientation and form
of margin of acetabulum; Andors (1992: table 2,
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character 39).—fenestra(e) ischiadica; Livezey
(1998b: appendix A, character 291).—junctura me-
diocaudalis iliosynsacrum; J. D. Harris (1998: appen-
dix 2, character 104), Currie and Carpenter (2000:
appendix 1, character 83), and Holtz (2000 [1998]:
appendix I, characters 297-298).—forma marginalis
alae postacetabularis ilii; Zhou and Zhang (2002: ap-
pendix III, character 156).—axes majores corpo-
ralium ossium ischii et pubici; Andors (1992: table 1,
character 1).—diameter and length of corpus femo-
ris; Murray and Vickers-Rich (2004: table 9, charac-
ter 12).—facies medialis, concavitas corporis femo-
ris; Chu (1998: appendix 1, character 111).—situs
mediolateralis of linea intermuscularis caudalis rela-
tive to pars distalis of crista trochantericus femoris;
Livezey (1986: appendix 1, character 61) and Livezey
(1989: table 1, character 61).—torsion of corpus tib-
iotarsi.

Butendieck (1980: 116, fig. 55), Rowe and
Gauthier (1990), Holtz (1994a: appendix 1, character
8), Kurochkin (1995b: table 1, character 26), and
Holtz (2000 [1998]: appendix I, character 345).—
foramen nutricium cristae fibularis tibiotarsi; J. D.
Harris (1998: appendix 2, character 129).—“sulcus
[a. nutriciae] at base of crista tibiofibularis”; Novas
(1992: character 5) and Novas (1994 [1993]: appen-
dix, character 5).—“tibia with lateral longitudinal
groove”; Livezey (1986: appendix 1, character 67)
and Livezey (1995c: appendix II, character 35).—
“external ligamental prominence” of epicondylus
lateralis tibiotarsi; Kurochkin (1995b: table 1, char-
acter 28).—situs proximodistalis epicondyli medialis
relative et marginis proximalis condyli medialis tib-
iotarsi; Holtz (2000 [1998]: appendix I, character
376).—facies dorsalis of os metatarsale II; G. Mayr
(2004c: appendix I, character 40).—spina plantaris,
rima medialis trochlearis metatarsale II; Bledsoe
(1988: appendix, character 78), Kurochkin (1995b:
table 1, character 31), K. Lee et al. (1997: appendix
2), Hughes (2000: appendix 2, character 71) after
Seibel (1988: character TM 20), and J. A. Clarke and
Norell (2002: appendix 2, character 201).—rimae
medialis et lateralis of trochlea metatarsale III; Sanz
and Buscalioni (1992: “excluded” characters 2—4).—
details of hallux; Gauthier (1986: text character 51)
and Xu et al. (1999a: character 79).—synostosis ossis
metacarpale I; Cracraft (1988: series VIII, character
10); G. Mayr (1999b: fig. 11); Azuma and Currie
(2000: appendix I, character 83).

EXCLUDED MYOLOGICAL CHARACTERS

Musculi Membri Thoracici

McKitrick (1991b: character 5).—m. pectoralis,
pars sternobrachialis, margines medioventralis origii;
Maurer and Raikow (1981: table 2, character 6).—m.
pectoralis propatagialis, insertio; Maurer and Rai-

kow (1981: table 2, character 4).—m. rhomboideus
profundus, origo; Maurer and Raikow (1981: table 2,
character 10).—m. deltoideus major, tendo origii et
ancora tendinis scapulae; Hudson et al. (1969), Bentz
and Zusi (1982), and Strauch (1985: table 3, charac-
ter H8).—trochlea humero-ulnaris; Maurer and Rai-
kow (1981: table 2, character 20).—m. extensor
(meta)carpi ulnaris, origo; Maurer and Raikow
(1981: table 2, characters 11-12).—mm. deltoidea
relative to m. supracoracoideus, tendo insertii, situs
insertiorum; Raikow (1978: table 2).—m. flexor digi-
torum profundus, width of corpus; Hudson and Lan-
zillotti (1964), Hudson et al. (1969), and Strauch
(1985: table 3, character H10).—m. flexor digitorum
profundus, sesamoideum tendinis insertii phalangis
proximalis digiti (II) majoris; Cracraft (1988: series
XV, character 12).—mm. extensor (meta)carpi ra-
dialis et deltoideus propatagialis, pars cranialis, ten-
dines insertiorum; Goodge (1972: 70).—m. flexor
(meta)carpi ulnaris, tendines insertii; Maurer and
Raikow (1981: table 2, character 23).—m. ectepicon-
dylo-ulnaris, origo.

Musculi Membri Pelvici

Goodge (1972: 71).—m. iliotibialis cranialis,
origo; Swierczewski and Raikow (1981: character 2)
and Raikow (1985a: table 3, character 5).—m. ilio-
tibialis cranialis, origo; Swierczewski and Raikow
(1981: character 3).—m. iliotibialis cranialis, insertio-
(nes), Swierczewski and Raikow (1981: character
4).—m. iliotibialis cranialis, insertio m. femoro-
tibialis internus; Swierczewski and Raikow (1981:
character 6).—m. iliotibialis lateralis, partes (pre-,
post-)acetabularis; Raikow (1994: table 2, character
2).—m. iliotibialis lateralis, pars postacetabularis,
origo, situs craniocaudalis; Raikow (1987: table 1,
character 3).—m. iliotibialis lateralis, pars postace-
tabularis, insertio; Swierczewski and Raikow (1981:
character 7).—m. iliotibialis lateralis, partes acetabu-
laris et postacetabularis; Raikow (1987: table 1, char-
acter 1) and Raikow (1994: table 2, character 1), re-
garding m. iliotibialis lateralis, hiatus acetabularis;
Swierczewski and Raikow (1981: character 10), origo
m. iliofibularis, extent on ala postacetabularis ilii;
Raikow (1994: table 2, character 3).—m. iliotrochan-
tericus caudalis, corpus (“belly”); Raikow (1987:
table 1, character 4).—m. iliotrochantericus caudalis,
fasciculi superficiales; Raikow (1987: table 1, charac-
ter 6).—mm. iliotrochantericus cranialis et medius,
union of corpora (“bellies”); Raikow (1987: table 1,
character 5) and Raikow (1994: table 2, character
4).—mm. iliotrochantericus cranialis et medius, cor-
pora et tendines insertii; Schulin (1987: table 1),
McKitrick (1991b: character 6), and Livezey (1997a:
appendix 1, character 119; corrigenda, Livezey
1998a).—mm. iliotrochantericus cranialis et caudalis,
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fusion; Bentz (1979: table 2), Zusi and Bentz (1984:
44), G. Mayr and Clarke (2003: appendix A, charac-
ter 124), and Dyke and van Tuinen (2004: appendix
1, character 93).—m. iliotrochantericus medius; Rai-
kow (1987: table 1, character 7).—m. iliofemoralis
internus; Raikow (1985a: table 2, character 2).—mm.
femorotibialis lateralis (externus) et intermedius;
Cracraft (1988: series XIV, character 2).—m. flexor
cruris lateralis; Raikow (1985a: table 2, character
4).—m. flexor cruris lateralis, origo(iones), Raikow
(1994: table 2, character 5).—m. flexor cruris latera-
lis, aponeurosis caudalis origii; Raikow (1994: table
2, character 7).—m. flexor cruris lateralis, raphus;
Raikow (1994: table 2, character 6).—m. flexor cruris
lateralis (semimembranosus), pars accessoria, inser-
tio; McKitrick (1986), Raikow (1987), and Vanden
Berge and Zweers (1993: 219, annotation 108).—m.
flexor cruris lateralis (semimembranosus), partes
pelvica et accessoria, vinculum; Raikow (1985a: table
2, character 9).—m. iliofemoralis internus, origo;
Raikow (1994: table 2, character 8).—m. flexor cruris
lateralis (semimembranosus), pars pelvica, lobus
tibialis; Maurer and Raikow (1981: table 2, character
34).—m. flexor cruris lateralis, pars pelvica, tendo
accessoria (femoris) at insertio m. caudofemoralis;
Raikow (1994: table 2, character 11).—m. caudo-
femoralis, corpus, sectio femoralis; Raikow (1994:
table 2, character 10).—m. caudofemoralis, tendo
origii; Raikow (1994: table 2, character 13).—
insertio, situs relative to that of m. pubo-caudalis
internus; Raikow (1985a: table 2, character 6).—m.
obturatorius lateralis, pars dorsalis, origo, inclusion
of margo ventralis of foramen ilioischiadica; Raikow
(1985a: table 2, character 7).—m. obturatorius lat-
eralis, pars dorsalis, insertio; Maurer and Raikow
(1981: table 2, character 38), Swierczewski and Rai-
kow (1981: characters 18-19), Raikow (1994: table 2,
character 8).—m. obturatorius medialis, corpus; Rai-
kow (1994: table 2, character 14).—m. pubo-ischio-
femoralis, pars cranialis (lateralis), situs relative to
m. flexor cruris lateralis; Raikow (1987: table 1, char-
acter 9) and Raikow (1994: table 2, character 15).—
m. pubo-ischio-femoralis, pars caudalis, origo;
McKitrick (1991a: appendix 1, character 20) and
McKitrick (1992: appendix 1, character 20).—m.
pubo-ischio-femoralis, pars accessoria.

Raikow (1994: table 2, character 16).—m. fibularis
longus, aponeurosis origii; Swierczewski and Raikow
(1981: character 24).—m. fibularis longus, tendo in-
sertii, ramus tendinis metatarsale IV cum insertio
phalangis proungualis digiti IV pedis; Kurochkin
(1968) and Vanden Berge and Zweers (1993: anno-
tation 117).—m. fibularis brevis, caput fibulare; Rai-
kow (1976, 1978) and Vanden Berge and Zweers
(1993: annotation 117).—m. fibularis brevis, caput
tibiale; Raikow (1994: table 2, character 23).—m.
gastrocnemius, pars intermedia, length distal to
tendo m. flexor cruris lateralis; Hudson et al. (1969)

NO. 37

and Strauch (1985: table 3, character H14).—m. gas-
trocnemius, pars medialis (interna), extension to fa-
cies cranialis generis; Schulin (1987: table 1).—m.
gastrocnemius, partes lateralis, intermedia, et media-
lis, corpora vs. tendines; Maurer and Raikow (1981:
table 2, character 40) and McKitrick (1985a).—m.
gastrocnemius, pars medialis (interna), origo; Rai-
kow (1994: table 2, character 18).—m. gastrocnemi-
us, pars medialis (interna), corpus; Raikow (1994:
table 2, character 19).—m. gastrocnemius, pars me-
dialis (interna), corpus; Raikow (1987: table 1, char-
acter 14).—m. gastrocnemius, tendo(ines) insertii(io-
rum), forma sensu expansion relative to underlying
tendines flexores; Raikow (1987: table 1, character
11).—m. gastrocnemius, pars lateralis, extent rela-
tive to underlying mm. flexores laterales; Hudson et
al. (1969) and Strauch (1985: table 3, character
H16).—m. gastrocnemius, pars intermedia; Raikow
(1987: table 1; character 13).—m. gastrocnemius,
pars medialis, with respect to margo cranialis of cor-
pus; Hudson et al. (1969), Strauch (1985: table 3,
character H15), Raikow (1987: table 1, character 12),
and G. Mayr and Clarke (2003: appendix A, charac-
ter 129).—m. gastrocnemius, pars supramedialis;
Vanden Berge (1970), Vanden Berge and Zweers
(1993: annotation 119), Raikow (1994: table 2, char-
acter 17).—m. plantaris, tendo insertii, union and os-
sification.

Raikow (1987: table 1, character 10).—m. flexor
digitorum longus, corpus, symmetry; Swierczewski
and Raikow (1981: character 21).—m. flexor digi-
torum longus, bifurcatio primus (proximalis) tendi-
nis, situs proximodistalis; Zusi and Bentz (1984:
43).—m. flexor digitorum longus, insertiones tendi-
norum phalangiorum unguales; Swierczewski and
Raikow (1981: character 34).—m. flexor perforans et
perforatus digiti III, caput craniale; Raikow (1985a:
table 2, character 10).—m. flexor perforans et per-
foratus digiti III, corpus; Raikow (1987: table 1, char-
acter 22).—m. flexor hallucis longus; Raikow (1987:
table 1, character 17).—m. flexor hallucis longus, ca-
put intermediale; Raikow (1985a: table 2, character
12).—m. flexor hallucis longus, caput intermediale,
histologica; Raikow (1985a: table 2, character 13).—
m. flexor hallucis longus, caput mediale; Maurer and
Raikow (1981) and G. Mayr (2004c: appendix I,
character 54).—m. flexor hallucis longus, tendo in-
sertii; Raikow (1994: table 2, character 24).—m.
flexor hallucis longus, tendo insertii ossificans; Rai-
kow (1987: table 1, character 20).—m. flexor hallucis
brevis, origo; Raikow (1985a: table 2, character 14)
and Raikow (1987: table 1, character 19).—m. flexor
digitorum longus, caput femoris; Quinn and Baumel
(1990) and Vanden Berge and Zweers (1993: 223,
annotation 124).—m. flexor digitorum longus, area
tuberculata tendinis et plicae vaginae tendinis;
Swierczewski and Raikow (1981: character 40).—m.
extensor proprius digiti III.
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McKitrick (1991a: appendix 1, character 11),
McKitrick (1992: appendix 1, character 11).—ansa
m. iliofibularis, elongation of rami (new term); Mc-
Kitrick (1991a: appendix 1, character 31), McKitrick
(1992: appendix 1, character 31).—m. ambiens,
divisio corporis longitudinalis; Schreiweis (1982),
Schulin (1987: table 1).—m. ambiens, insertio on
aponeurosis (popliteus) mm. flexores perforati digiti
II-IV (whichever present) in fossa poplitea femoris;
Swierczewski and Raikow (1981: character 8), Zusi
and Bentz (1984: 43), Prum (1988: character 19), Mc-
Kitrick (1991a: appendix 1, character 8), McKitrick
(1992: appendix 1, character 8), Livezey (1997a:
table 4), G. Mayr and Clarke (2003: appendix A,
character 117), Dyke and van Tuinen (2004: appen-
dix 1, character 86).—m. femorotibialis lateralis (ex-
ternus), caput distale (pars distalis); Swierczewski
and Raikow (1981: character 14).—m. flexor cruris
medialis, origo(iones); Swierczewski and Raikow
(1981: character 13), Raikow (1994: table 2, charac-
ter 12).—m. caudofemoralis, pars caudalis, tendo in-
sertii; Goodge (1972), Schreiweis (1982), Raikow
(1985a: table 3, character 6).—m. ischiofemoralis (m.
ischiotrochantericus of Crocodylia; Bentz (1979:
table 2), Maurer and Raikow (1981: table 2, charac-
ter 37), Swierczewski and Raikow (1981: character
17), Raikow (1985a: table 2, character 5), McKitrick
(1991a: appendix 1, character 22), McKitrick (1992:
appendix 1, character 22), Hutchinson (2001b: table
1).—m. obturatorius lateralis (m. pubo-ischio-
femoralis externus pars 1 of Crocodylia; Hutchinson
(2001b: table 1).—pars dorsalis; Schreiweis (1982),
McKitrick (1991a: appendix 1, character 26), Mc-
Kitrick (1992: appendix 1, character 26), Livezey
(1997a: table 4), G. Mayr and Clarke (2003: appen-
dix A, character 122), Dyke and van Tuinen (2004:
appendix 1, character 91).—m. obturatorius lateralis
et medialis (mm. pubo-ischio-femoralis externus
partes 1 et 2 of Crocodylia; Hutchinson (2001b: table
1).—distal union; Maurer and Raikow (1981: table 2,
characters 35-36), McKitrick (1991a: appendix 1,
character 21), McKitrick (1992: appendix 1, charac-
ter 21).—m. pubo-ischio-femoralis, pars medialis, di-
visio partorum; Swierczewski and Raikow (1981:
character 22), Schulin (1987: table 1), Prum (1988:
character 2), Livezey (1997a: table 4).—m. extensor
digitorum longus, retinaculum tendineum digiti IV;
Swierczewski and Raikow (1981: character 25).—m.
fibularis brevis, retinaculum m. fibularis (new term);
Schulin (1987: table 1), Livezey (1997a: table 4).—m.
gastrocnemius, pars intermedia, union with tendines
mm. flexores crurales partes lateralis et medialis; m.
gastrocnemius, pars medialis (interna), caput quar-
tus (new term); McKitrick (1991a: appendix 1, char-
acter 36) and McKitrick (1992: appendix 1, character
36).—m. gastrocnemius, tendo insertii, status ossifi-
cationis hypotarsi; McKitrick (1991a: appendix 1,
character 46), McKitrick (1992: appendix 1, charac-

ter 46), Livezey (1997a: table 4).—m. flexor perfo-
rans et perforatus digiti II, capita, numerus modalis;
McKitrick (1991a: appendix 1, character 47), Mc-
Kitrick (1992: appendix 1, character 47), G. Mayr
and Clarke (2003: appendix A, character 132), Dyke
and van Tuinen (2004: appendix 1, character 99).—
m. flexor perforans et perforatus digiti II, origo an-
sae iliofibularis; Schulin (1987: table 1).—m. flexor
perforans et perforatus digitus II, perforatio acces-
soria (new term) m. flexor digitus longus; Schulin
(1987: table 1), Livezey (1997a: table 4).—m. flexor
perforatus digiti 11, caput laterale; Swierczewski and
Raikow (1981: characters 26 and 28), Raikow (1985a:
table 2, character 11), Schulin (1987: table 1),
Livezey (1997a: table 4).—m. flexor perforatus digiti
11, perforatio tendinis, numerus tendinorum flexores;
Swierczewski and Raikow (1981: character 30).—m.
flexor perforatus digiti III, forma capitis; Swier-
czewski and Raikow (1981: character 29).—m. flexor
perforatus digiti III, tendines origii. Hudson et al.
(1969); Schulin (1987: table 1).—m. flexor perforans
et perforatus digiti III, caput (distale) fibulare (new
term); Swierczewski and Raikow (1981: character
31), McKitrick (1985a: fig. 15), Schulin (1987: table
1), Cracraft (1988: series XIV, character 3) with re-
spect to “absence of a vinculum connecting the flex-
ors of digit IV” in many falconiforms; Raikow (1987:
table 1, character 16); Livezey (1997a: table 4).—m.
flexor perforatus digiti IV, tendines insertii; Gadow
(1893), George and Berger (1966), S. F. Simpson and
Cracraft (1981), Raikow (1985a), G. Mayr et al.
(2003: appendix 1, character 84).—m. flexor hallucis
longus, tendines insertiorum digiti II-1V pedis; Mau-
rer and Raikow (1981: table 2, character 56).—m.
extensor hallucis longus, tendo hallucis; Schulin
(1987: table 1).—m. flexor hallucis brevis, numerus
capitorum modalis. Swierczewski and Raikow (1981:
character 38), McKitrick (1991a: appendix 1, charac-
ter 59), McKitrick (1992: appendix 1, character
59).—m. flexor hallucis brevis, tendines insertii;
Schulin (1987: table 1), Livezey (1997a: appendix 1,
character 123; corrigenda, Livezey 1998a).—m.
flexor hallucis brevis, tendo m. flexor hallicus longus,
perforatio tendinis; Holmes (1963), Hudson et al.
(1972: 248), Maurer and Raikow (1981: table 2, char-
acter 49), Berman and Raikow (1982), Schreiweis
(1982).—m. extensor proprius digiti I1I; Schulin
(1987: table 1), McKitrick (1991a: appendix 1, char-
acter 61), McKitrick (1992: appendix 1, character
61), Livezey (1997a: table 4).—m. extensor hallucis
longus, partes majores, numerus modalis; McKitrick
(1991a: appendix 1, character 62); McKitrick (1992:
appendix 1, character 62); G. Mayr and Clarke
(2003: appendix A, character 139).—m. extensor hal-
lucis longus, pars (caput) accessoria; Schulin (1987:
table 1), Livezey (1997a: table 4).—m. abductor di-
giti 11, origo, caput metatarsale I; Swierczewski and
Raikow (1981: character 42), Vanden Berge and



26 BULLETIN CARNEGIE MUSEUM OF NATURAL HISTORY

Zweers (1993: 224, annotation 130).—m. abductor
digiti IV, retinaculum trochlea IV tarsometatarsi;
Gadow and Selenka (1891), Hudson (1937), Schrei-
weis (1982).—m. adductor digiti IV.

EXCLUDED MISCELLANEOUS CHARACTERS

Published characters of the integumentum of
other less-intensively studied anatomical systems
that were neither associated with included characters
nor profitably confirmed were: Pycraft (1910), Prum
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(1988: character 12), Raikow (1994: table 2, charac-
ters 31-32, 36), and Livezey (1996b, 1997b: appendix
1, characters 1-3).—rostrum maxillae; Livezey
(1998b: appendix A, character 404).—situs depres-
sionis nasalis; Cracraft (1985: character 21), Raikow
(1994: table 2, character 20).—externum aperturae
nasi; Livezey (1998b: appendix A, character 384).—
coloration of depressio nasalis; Griffiths (1994a-b:
appendix II) and Dyke and van Tuinen (2004: ap-
pendix 1, characters 109-110).—cartilagines tracheo-
bronchiales “typus A”; Livezey (1986: appendix 1,
character 5).

DESCRIPTIONS OF CHARACTERS
Organization and Format of Character Descriptions

A typical format for a character and included
states employed in this paper is as follows:

0000. Character (by anatomical features in order
of decreasing inclusivity or scale), specific aspect
partitioned by states (ordering, if multistate):

a. first state, default (presumptive) basal polarity;

b. second state;

¢. third state;

x. noncomparable (taxa so considered).

Note.—Prior analytical characterizations, associ-
ated literature, and commentary regarding assess-
ments, analytical issues, and exceptional taxa.

The concept of presumptive “basal polarities” is
deserving of more-detailed discussion. In this study,
assignment of the first state (“a”) as default basal
polarity, and specification of others where required
by ordering, is a stylistic convenience lacking ana-
lytical implications. Whereas rooting with a hypo-
thetical ancestor—vector of presumptive basal po-
larities (H. N. Bryant 1997)—imposes significant

analytical influence, mere proposal of a priori polar-
ity for a character carries no analytical implications
(e.g., PAUP does not root by first states of charac-
ters by default). In some cases, annotations regard-
ing a priori judgments of polarities in combination
with references to states scored for fossils and hypo-
thetical “stem groups” (e.g., G. Mayr 2002a, 2004b,
d) can further confuse matters and detract from the
algorithmic fact that in the absence of a hypothetical
ancestor or other imposition of basal polarities, the
mere practice of listing the condition deemed a
priori to be plesiomorphic as the first state for mem-
bers of the ingroup purely represents a consistency
of style. If actual outgroups (fossil or modern) are
provided, the subsequent analysis will root the most
parsimonious tree(s) with the states scored for the
outgroup taxa, and do so regardless of any extra-
analytical assessments or assumptions. Finally, basal
polarities are of local relevance: once undergoing
transformation, descendent lineages use the imme-
diately preceding state for rooting.

Anatomical Nomenclature

Dedication to formal anatomical nomenclature in
descriptions of characters is but one expression of a
growing recognition of the importance or semantic
precision in phylogenetics (e.g., Baumel et al. 1979,
1993; Komarek 1979; Butendieck 1980; Butendieck
and Wissdorf 1982; Komarek et al. 1982a-b; Mareck-
ova et al. 2001). The primary source followed here
was Nomina Anatomica Avium (second edition;
Baumel et al. 1993)—especially Baumel and Raikow
(1993), Baumel and Witmer (1993), G. A. Clark
(1993a-b), and Vanden Berge and Zweers (1993)—
with revisions indicated. Nomenclatural refinements
were the subject of ancillary works (Zusi and
Livezey 2000, 2006; Livezey and Zusi 2001), many
additional terms are emended as “new term.” Ar-

thrological characters are listed with those for re-
lated osteological elements. Use of Latin terms for
anatomical features considered to be homologous
(e.g., “foramen magnum”) paralleled the emphasis
conferred upon binomial taxa, intentionally setting
them apart from associated narratives. However, in
this work, anatomical usages (unlike taxomonic cita-
tions) were not set in italics.

Myological nomenclature indisputably has under-
gone significant refinement virtually throughout the
musculature of birds. Important synonyms are listed
by Vanden Berge and Zweers (1993), but equivalent
terms for the especially antiquated and (infrequently)
misinterpreted nomenclature of Shufeldt (1890) were
given most completely by Berger (1954, 1960a-b).
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In addition to use of formal nomenclature for de-
scriptions of characters per se and groupings thereof,
it also was extended significantly to descriptions of
characters—including classes of states (e.g., status,
forma, et situs)—and in a limited way to descriptions
of observed states. Examples include: ancora for
“anchor” or “attachment”; jugum for “ridge”; basis
for “base”; torus or tumulus for “bulge” or “mound,”

respectively; situs for “site”; fragmentum for “splint”;
vestigium for “vestige”; amplexus for “clasp”; latus
for “side”; and numerus modalis for “modal num-
ber.” Finally, descriptions of states for some charac-
ters may include informal English terms of Latin
origin, e.g., cruciate for “T- or X-shaped”; cuneate
for “wedge-shaped”; bifurcate for “forked” or
“Y-shaped”; and flabellate for “fan-shaped.”

Arthrologia et Osteologia

Note.—For general avian osteology, variably nar-
row taxonomically, see: Nitzsch (1811); Owen (1843,
1849a); Marshall (1872a-b); A. Newton (1893, 1894,
1895, 1896); Beddard (1898a); Pycraft (1910); Port-
mann (1938, 1955, 1963); Tordoff (1954); Bellairs
and Jenkin (1960); Pocock (1966); Ballmann (1969a—
b, 1979); Baumel (1979a-b); Schummer (1992);
Baumel and Raikow (1993); Baumel and Witmer
(1993).

For developmental osteology, see: Schenk (1897);
Kallius (1905); Rex (1905, 1911, 1914, 1924); Schaub
(1908, 1912, 1914); Waterston and Geddes (1909); E.
M. Williams (1909); Steiner (1922, 1923, 1934);
Schestakowa (1927, 1928); Schinz and Zangerl
(1937a); D. Starck (1941, 1979, 1982, 1989); Mon-
tagna (1945); Saunders (1948); Slaby (1951, 1959);
Burckhardt (1954); Becker (1959); Seichert and Re-
chter (1972); Stork (1972); Sedinger (1986);
Schroeter and Tosney (1991a-b); J. M. Starck
(1993).

HistoLoGiA OssiuMm

0001. Os spongiosum, status generalis:

a. absent; b. present.

Note.—Os spongiosum—also known as “trabecu-
lar” or “cancellous” bone—can occur throughout the
mature skeleton, and during early ontogeny invests
the calvaria (diploe), columna vertebralis, and skel-
eton appendiculare. Os spongiosum is replaced pro-
gressively with corpora adiposa and diverticulae
pneumaticae, which include cellulae pneumaticae.
Os medullare is a special, physiologically convertible
form of os spongiosum that serves as a supplemen-
tary source of minerals (especially calcium) to the
camera calcifera during reproduction by females, no-
tably for deposition of the testa (“egg shell”). Al-
though data currently available are too meager for
formal analysis, evidence is consistent with the origin
of modern birds from traditionally recognized
Theropoda (Schweitzer et al. 2005). Histological
study by Ricqles et al. (2001, 2003) indicates that
Confuciusornis and perhaps allied basal avialians
(e.g., Archaeopteryx) possessed growth rates similar
to massive Neornithes (e.g., Tinamiformes). See: R.

Winkler (1979); Baumel and Witmer (1993: annota-
tion 6).

0002. Ossa pneumatica (skeleton axiale et/aut ap-
pendiculare), typically evidenced by foramina et/aut
pori pneumatica, status et forma (ordered):

a. absent;

b. present, of limited anatomical distribution;

c. present, of comparatively wide anatomical dis-
tribution, and “simple” (camerate) form;

d. present, encompassing all three major skeletal
regions (below), and “complex” (camellate) form,
including presence of presumptively plesiomorphic
complex of “Haversian canals”;

e. present, encompassing all three major skeletal
regions (below), and “complex” (camellate) form,
but excluding presence of presumptively plesiomor-
phic complex of “Haversian canals.”

Note.—Assumptions concerning pneumatization
of bones are numerous (King 1966). Verheyen
(1953a) considered cranial pneumaticity in Neor-
nithes. Zavattari and Cellini (1956) contrasted palae-
ognathous and neognathous taxa on the basis of his-
tologia ossium, notably “complex Haversian systema
canaliculae.” Recently, Britt (1993) reviewed evi-
dence for ossa pneumatica postcraniales in Dinosau-
ria. See also: Menzbeir (1887); Duncker (1971);
Meister (1962); Hogg (1984a-b); Britt (1993); Britt
et al. (1998); Cubo et al. (2001). Details of ossa pneu-
matica are known only for Gallus (Hogg 1984b);
nevertheless, several generalizations are evident for
birds: (i) saccus cervicalis invests vertebrae cervi-
cales et thoracicae, et costae vertebrales; (i) saccus
clavicularis effects pneumaticae sterni, costae sterna-
les, ossa cinguli membri thoracici, et ossa membri
thoracicae; (iii) saccus abdominalis aerates ossa pel-
vici, synsacri, et membri pelvici; and (iv) saccus tho-
racicus is related to diverticula intrathoracica.

0003. Skeleton appendiculare, ossa longa, cinguli
anulares (new term), status:

a. present; b. absent.

Note.—New term refers to “growth rings” in pe-
riphery of cross sections of long bones, indicative of
regularly variable periods of heterogeneous, pro-
tracted growth. See: Hogg (1980, 1982); Kooyman
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(1991); Chinsamy et al. (1994, 1998); Castanet et al.
(1996, 2000); Chinsamy and Elzanowski (2001); Ric-
qles et al. (2001).

0004. Skeleton appendiculare, ossa longa, systema
canalorum Haversii (new term), forma (ordered):

a. complex; b. semicomplex;

c. irregular.

Note.—See: Zavattari and Cellini (1956).

0005. Skeleton appendiculare, ossa longa, densitas
et status histologica ossium (ordered):

a. high, primary pachyostosis scaling with body
mass;

b. low, nonpachyostotic, aerodynamic;

c. moderate, secondary pachyostosis associated
with graviportality, burgeoned body mass, and (typi-
cally) secondary flightlessness.

Note.—Pachyostosis also approached by Ploto-
pteridae and some Alcidae. See: G. Mayr (2004b:
appendix 1, character 50).

SKELETON AXIALE
Cranium

Note.—Important contributions to knowledge of
the anatomy of the cranium of Mesozoic Theropoda
include: Currie (1985) for the theropod Stenonycho-
saurus; A. D. Walker (1984) and Elzanowski and
Wellnhofer (1996) for Archaeopteryx; Currie and
Zhao (1994b [1993b]) for Troodontidae, notably re-
garding pneumatization; Chure and Madsen (1998)
for ?Stokesosaurus; Makovicky and Norell (1998)
for Ornithomimosauria, notably homologies of
foramina basicranii; Larsson et al. (2000) pertaining
to enlargement of the “forebrain” among nonavian
Theropoda. Also, three enantiornithine taxa
(Iberomesornis, Concornis, Eoalulavis) are repre-
sented only by postcranial elements, and hence are
included implicitly among taxa for which cranial
characters are of undetermined state. A critical pa-
per for coding Hesperornithiformes was that by
Galton and Martin (2002) on Enaliornis. Essential
material for Dromornithidae was summarized and
preliminarily analyzed by Murray and Vickers-Rich
(2004). The dissertation by J. A. Clarke (2002,
2004) on Ichthyornis is the premier study of this
taxon.

The literature concerning the homologies, devel-
opment, elemental composition, and pneumatization
of the avian skull (and vertebral corollaries) is com-
paratively vast. Important references include:
Barkow (1829); Gegenbaur (1871, 1873); Magnus
(1871); W. K. Parker (1875b, 1879); Nathusius
(1882a); Wunderlich (1886 [1884]); Baur (1889);
Gaupp (1894, 1899, 1905); C. Hill (1900); Beecker
(1903); Lurje (1906); Sonies (1907); Neumann
(1914); Watt (1917); Weidenreich (1923); Dabelow
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(1925, 1929); de Beer (1926, 1937); Kesteven (1926a—
c, 1941, 1942); Lange (1929); Lubosch (1929a-b);
Moller (1930, 1931, 1932, 1969a—c); Liidicke (1933,
1940); Erdmann (1940); Fisher (1944); McDowell
(1948, 1978); Van der Klaauw (1948, 1951, 1952,
1963, 1966); Duijm (1951); Barnikol (1952); Wedin
(1953); Lang (1956); Webb (1957); Bellairs (1958);
Engelbrecht (1958); Bock (1960a-b, 1964, 1966,
1999a); Simonetta (1960a); May (1961); Warter
(1965); Schumacher and Wolff (1966a-b); D. Starck
(1969); Toerien (1971, 1972); Biihler (1972, 1981,
1985, 1987); Schumacher et al. (1972); Kurzanov
(1976); Hogg (1978, 1983); Smit and Frank (1979); R.
Winkler (1979); Elzanowski (1981, 1985); Jenni
(1981); Whetstone (1983); R. Johnson (1984); A. D.
Walker (1984); Vorster (1989); Weber (1990, 1993,
1996); Witmer (1990, 1995b, 1997, 2001); Bock and
Andors (1992); Emerson and Bramble (1993); Han-
ken and Hall (1993); Mgller and Cuervo (1998);
Murray and Megirian (1998); Posso and Donatelli
(2001); Bout (2003).

Calvaria Cranii

0006. Platycalvaria (new term)—dorsum cranii
conspicuously flattened—status:

a. absent, associated with bilateral width being
less than dorsoventral depth;

b. present, associated with bilateral width exceed-
ing dorsoventral depth.

Note.—See: Cracraft (1985: character 12); Siegel-
Causey (1988: character 10); Siegel-Causey (1997:
table I, character 11).

0007. Megacalvaria (new term)—generalized,
relative cranial enlargement, an external manifesta-
tion of correspondingly enlarged endocranium—
reflected by comparatively caudal fossa temporalis
on calvaria cranii, status:

a. absent, “encephalization-quotient” typically
less than 2.5;

b. present, moderate to extensive, “encephaliza-
tion-quotient” typically greater than 2.5.

Note.—See: Gauthier (1986: unindexed synapo-
morphy of Avialae); Elzanowski and Galton (1991:
character 10); Holtz (1994a: appendix 1, character
75); Azuma and Currie (2000: appendix 1, character
14); Holtz (2000 [1998]: appendix I, character 82);
Rauhut (2003: character 63). Enlargement of the
brain in general, and the forebrain in particular, was
explored among theropods by Russell (1972), Os-
molska (1976), Hopson (1977, 1979, 1980), Currie
and Zhao (1994b [1993b]), Currie (1995), Larsson et
al. (2000), and Dominguez Alonso et al. (2005).

0008. Cranium, pars rostralis (cf. “forebrain”),
forma:

a. small and narrow;

b. enlarged and trianguloid.
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Note.—See: Pérez-Moreno et al. (1994: legend for
fig. 3, character 6), in terms of “skull narrow and
shallow, with elongated facial part”; Vickers-Rich et
al. (2002), concerning Avimimus; Rauhut (2003:
character 64).

0009. Pneumaticas cranii (new term)—cranial
pneumatization, especially basis cranii, ossa basi-
sphenoidales, as substantiated by ossa spongiosum of
calvaria (planum transversus) and features of exter-
num (e.g., fonticulae, fenestrae, et foramina) and
(typically) ventral expansion—status (ordered):

a. limited; b. moderate;

c. substantial.

Note.—Romer (1956: 951) listed pneumatization
of the skull as a uniting character for Archosaurian
reptiles. Published treatments generally emphasize a
more-narrow apomorphy, specifically a “pro-
nounced ventral expansion and pneumatization of os
basisphenoidale.” See: R. Winkler (1979), in review
of “pneumatisation” of skulls of Neornithes; Bakker
et al. (1988); Elzanowski and Galton (1991: character
4); Russell and Dong (1994a [1993a]: table 2, char-
acter 10); Russell and Dong (1994b [1993b]:
troodontid character 2); Holtz (1994a: appendix 1,
character 115); Chiappe et al. (1996: appendix 1,
character 83), with respect to “basicranial fontanelle
on the ventral surface of the basisphenoid”; Sereno
et al. (1996: footnote 45, character 52); Sues (1997:
appendix 1, character 9), with respect to “expanded
and pneumatized parabasisphenoid”; J. D. Harris
(1998: appendix 2, character 23), with respect to
pneumatic foramina in “basisphenoid recess”; Xu et
al. (1999a: character 15); Azuma and Currie (2000:
appendix 1, character 13); Currie and Carpenter
(2000: appendix 1, character 23); Holtz (2000 [1998]:
appendix I, character 88), with respect to pneumati-
zation of the “periotic region”; Maryanska et al.
(2002: appendix 1, characters 27 and 49).

0010. Fossa musculorum temporalium, extent on
ossa postorbitale (where present) et frontale (facies
dorsales) relative to orbita, magnitudo:

a. limited extension onto facies dorsales of ossa
postorbitales (where present) et frontales;

b. extends to much of os postorbitale (where pres-
ent), processus frontalis, and rostrad on os frontale
at least to level of orbita, margo caudalis;

X. noncomparable by absence of os postorbitale
(Neornithes).

Note.—Regarding nomenclature of fossae, see:
Zusi (1962); Siegel-Causey (1988: characters 1-2);
Chu (1998: appendix 1, character 19); Zusi and
Livezey (2000). Fossa primarily positioned on ossa
frontales, parietales, et possibly postorbitales in no-
navialian taxa, whereas in Aves it principally in-
volves ossa squamosi et parietales. See: Bas (1955a—
b, 1957); Sereno et al. (1993: legend for fig. 3a); No-
vas (1994 [1993]: appendix, character 8); Currie

(1995: appendix, character 9); Xu et al. (1999b: char-
acter 88); Hughes (2000: appendix 2, character 1);
Xu et al. (2000: supplement, character 68); Maryan-
ska et al. (2002: appendix 1, character 29), regarding
extent of “fossa supratemporalis” on ossa frontales;
Xu et al. (2002a: supplement, character 4, part); G.
Mayr (2003a: appendix I, character 16); G. Mayr
(2003b: appendix I, character 17).

0011. Rostrum faciei, forma sensu elongation and
compression of cranium and rostrum maxillae, and
sectio transversus coronae (unordered):

a. “oreinirostral” (i.e., strongly bilaterally com-
pressed) and variously elongate rostrocaudally, with
dorsoventrally deep subtriangular paracoronal cross
section;

b. “elongate-platyrostral” (i.e., dorsoventrally
compressed) and rostrocaudally elongate, with ob-
tuse triangular paracoronal cross section;

c. “truncate-platyrostral” (i.e., dorsoventrally
compressed) and rostrocaudally truncate, with
acutely triangular paracoronal cross section.

Note.—See: Holtz (1994a); Holtz (2000 [1998]:
appendix I, character 1); Sereno (2001: table 2, char-
acter 39), as synapomorphic of Aves; Xu (2002: suite
II, character 1) regarding depth of the “snout” ros-
tral to apertura nasi in Mesozoic Theropoda.

Lamina externa (externum) cranii

0012. Regio postorbitalis, principally ossa fron-
tales et parietales, forma sensu dorsoventral height
relative to regio interorbitalis:

a. subequal in height;

b. distinctly lower and sloping caudoventrad.

Note.—See: Holtz (1994a: appendix 1, character
14); Rauhut (2003: character 44).

0013. Regio ossium frontales et parietales (frons),
pronounced thickening produced by multi-layered
cellulae pneumaticae (os spongiosum), status:

a. absent, including thickening caused by undi-
rected, densely spiculate bone;

b. present.

Note.—See: Biihler (1972) regarding Sandwich-
konstuktionen.

0014. Depressio frontalis, status:

a. present, variably detectable at some point on
midline of ossa frontales;

b. absent, both from planum interorbitalis and cal-
varia, resulting in region being variably convex.

Note.—See: Shufeldt (1902a: fig. 1); Harrison and
Walker (1976b: pl. 1, figs. C and D); Ericson (1997:
table 1, character 4; table 2, character 2); Livezey
(1998b: appendix A, character 70); Ji et al. (2001),
regarding unnamed dromaeosaurid NGMC 91-A;
Bourdon et al. (2005: appendix 1, character 10). Can
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be complicated by variation in conformation and
conspicuousness of sulci glandulae nasales.

0015. Fossa supratemporalis (new term), margo
rostralis, forma:

a. straight or slightly sinusoidal;

b. distinctly sinusoidal (with associated foveola)
and extending onto processus postorbitalis;

x. noncomparable (Neornithes).

Note.—See: Currie (1995: appendix, character 3);
Xu et al. (1999b: character 83); Xu et al. (2000:
supplement, character 63); Xu et al. (2002a: supple-
ment, character 171). Synonymy of “supratemporal
fossa” of Xu et al. (2002b) with fossa musculorum
temporalium of Zusi and Livezey (2000) only ap-
proximate given different ossa cranii composing
solum fossae.

0016. Fossa musculorum temporalium, extension
medially to closely approach on midline (typically of
comparatively great depth), status:

a. absent; b. present.

Note.—See: Zusi (1962, 1975); S. F. Simpson and
Cracraft (1981: character 13); Cracraft (1982: series
1, character 2); Cracraft (1985: character 47); Siegel-
Causey (1988: characters 1-3); Chu (1998: appendix
1, characters 1-2, 19); Zusi and Livezey (2000);
Bourdon et al. (2005: appendix 1, character 13).

0017. Frons, crista pneumatica frontalis (new
term), status:

a. absent; b. present.

Note.—See: J. M. Clark et al. (2001); Maryanska
et al. (2002: appendix 1, character 2), regarding “lon-
gitudinal pneumatized crestlike prominence.”

0018. Meatus acusticus externus, extension rela-
tive to features of ossa postorbitale et squamosum,
forma:

a. extends to pila intertemporalis (new term)—
“intertemporal bar”—of ossa postorbitale et squa-
mosum;

b. extends to processus ventralis paraquadraticus
(new term)—ventral process”—of os squamosum
and lateral extension of processus paroccipitalis be-
yond os quadratum, processus (caput) oticus;

x. noncomparable (Neornithes).

Note.—In Neornithes, meatus bordered by: (i) os
parasphenoidale, ala parasphenoidalis; (if) os exoc-
cipitale, processus paroccipitalis; et (iii) os qua-
dratum, crista tympanica. See: Houde (1988: table
27, character 17); Currie (1995: appendix, character
13); Xu et al. (1999b: character 92); Xu et al. (2000:
supplement, character 72). Apparently related to
Chiappe and Calvo (1994: appendix I, character 1),
Chiappe et al. (1996: appendix 1, character 81), and
Chatterjee (1999: appendix 11, character 25), in turn
inspired by Witmer (1990: 371, character 5), who re-
ferred to “extension of the caudal tympanic recess
into the caudal portion of the basicranium.”
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0019. Lamina parasphenoidalis, ala parasphenoi-
dalis, tectum tympanicum parasphenoidalis (new
term), characterized in part by dorsolateral, subtri-
angular fossa musculorum, enclosing the recessi tym-
panici et cotylae quadratici squamosum et otici, sta-
tus:

a. absent; b. present.

Note.—See: Bourdon et al. (2005: appendix 1,
character 28), in reference to a “bony ring” in same
region, distinct from anulus tympanicus by interrup-
tion by hiatus subtympanicus.

0020. Fossa glandulae nasalis (wholly or princi-
pally facies dorsalis ossis frontale), frequently includ-
ing fenestrae penetrating ventrad into orbita, status
et forma:

a. absent; b. rudimentary; c. distinct.

Note.—See: Sibley and Ahlquist (1972: table 1),
who contrasted Gaviidae (large fossa glandulae na-
salis) with Podicipedidae (sine fossa); Cracraft (1985:
character 6); Cracraft (1988: series VIII, character
1); Livezey (1996a: appendix 1, character 9); Chu
(1998: appendix 1, characters 20-21); G. Mayr
(2003a: appendix I, character 17); G. Mayr and
Clarke (2003: appendix A, character 25); G. Mayr
(2004a: appendix 1, character 14); G. Mayr (2004b:
appendix 1, character 18); Bourdon et al. (2005: ap-
pendix 1, character 12); Bourdon (2006: supplement,
character 85).

Occiput (regio occipitalis calvarii)

Note.—Preliminary examination of juvenile
Neornithes indicates that regiones of the occiput
ventral to the fonticulae occipitales (or homologous
loci) comprise a juxtaposed complex of facies cau-
dalis of os epioticum et os exoccipitale. During on-
togeny, externum of the former is covered by a ven-
tral expansion of the overlying ossa exoccipitales,
and the latter reinforced at least marginally by ven-
tral growth of ossa supraoccipitales (in most or all
modern taxa, the last pair of elements having under-
gone prior synostosis medialis). Survey of available
juvenile skeletons suggests that palacognathous taxa
undergo external obfuscation of ossa otica at a later
ontogenetic stage than most or all neognathous
birds.

0021. Condylus occipitalis (caudal perspective,
planum transversus occipitalis), forma modalis:

a. essentially circular;

b. distinctly bilobate or reniform, lobae parti-
tioned by incisura mediana condyli, lateromedially
elongate.

Note.—Juvenile specimens, notably of ratites,
confirm that the condylus includes bilateral, dorsal
contributions by ossa exoccipitales and a single, me-
dial, ventral contribution by the os basioccipitale.
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Sole monographic survey by Goebloed (1958) is
critical, but omitted many taxonomic groups and we
disagreed concerning the admittedly difficult Colum-
biformes. Significant intraspecific variation, and con-
spicuousness of medial sulcus confounds assessment
of general shape of condylus. See: Houde (1988:
table 27, character 10); Livezey (1997a: appendix 1,
character 1; corrigenda, Livezey 1998a); Livezey
(1998b: appendix A, character 86); Dyke (2001b: ap-
pendix 1, character 1); Coria and Currie (2002: ap-
pendix 1, character 15), regarding shape in Tyranno-
sauridae; G. Mayr and Ericson (2004: appendix I,
character 19).

0022. Condylus occipitalis, collum condyli occipi-
talis (new term), status et forma (ordered):

a. absent, essentially sessile condylus of less than
hemiglobular form;

b. rudimentary, basis condylaris subcylindrical
with diameter equal to or slightly less than that of
condylus proprius;

c. present, condylus comparatively prominent,
and variably subpedicellate or (sub)umbelliform
with basis having (often slightly) smaller diameter
than condylus proprius, aspect subglobular.

Note.—See: Makovicky and Sues (1998: appendix
1, character 21); Holtz (2000 [1998]: appendix I,
character 103); Norell et al. (2001: appendix 1, char-
acter 58); J. M. Clark et al. (2002a: appendix 2.2,
character 57); Coria and Currie (2002: appendix 1,
character 6), regarding cavitates pneumaticae in col-
lum among Tyrannosauridae; Vickers-Rich et al.
(2002), concerning Avimimus; Xu (2002: suite II,
character 98); Xu et al. (2002a: supplement, charac-
ter 43); Hwang et al. (2004: supplement, character
56); Xu and Norell (2004: supplement, character 56).

0023. Condylus occipitalis, fossa subcondylaris
(ventral perspective), status et forma (unordered):

a. absent;

b. present, distinct, hemicircular sulcus bounding
rostral half of basis externa cranii that surrounds
condylus;

c. present, fovea immediately rostral to condylus
and of equal diameter.

Note.—State “a” includes a diversity of other, ill-
defined concavitates laminae basioccipitalis rostral
to condylus occipitalis. See: Livezey (1998b: appen-
dix A, character 85).

0024. Condylus occipitalis, rostrocaudal position
relative to os exoccipitale, processus paroccipitalis,
forma:

a. rostral; b. approximately equal or caudal.

Note.—See: G. Mayr (2003a: appendix I, charac-
ter 14); G. Mayr (2004a: appendix 1, character 19).

0025. Condylus occipitalis et foramen magnum,
angulus (lateral perspective) between planae forami-
nis et basis cranii—e.g., lamina parasphenoidalis (ba-

sitemporalis) et especially palatum osseum—i.e.,
comparative dorsoventral position of articulatio cra-
niovertebralis, forma:

a. articulatio comparatively ventral, angulus
“sharp,” sur(supra)diagonal (> 45°), often approach-
ing perpendicularity;

b. articulatio comparatively dorsal, angulus “shal-
low,” subdiagonal (< 45°), often approaching copla-
narity.

Note.—See: S. F. Simpson and Cracraft (1981:
character 5); Coria and Currie (2002: appendix 1,
character 7). Some Scolopacidae manifest extreme
apomorphy in which foramen magnum is oriented
subperpendicularly ventrad to basis cranii (e.g.,
Scolopax). Worthy and Holdaway (2002: 117) con-
firmed comparatively ventral position of articulatio
craniovertebralis in ratites, including Dinornithifor-
mes.

0026. Foramen magnum, pronounced ventro-
rostral shift placing occiput co-planar with palatum
osseum, with associated changes in relative positions
of lamina basiparasphenoidalis, foramen magnum,
and basis cranii interna, status:

a. absent; b. present.

Note.—Exemplars did not include most extreme
examples of apomorphy, a geometric condition re-
lated to “airencephaly,” e.g., comparatively derived
Scolopacidae such as Gallinago and Scolopax. See:
Romer (1956: 951) regarding planum occipitalis et
geometrica articulatio condyli occipitalis.

0027. Foramen magnum, forma modalis sensu lo-
bation:

a. unilobate, circular, oblong, or elliptical;

b. distinctly bilobate, with dorsal, lesser lobus hav-
ing rounded margo dorsalis.

Note.—Significant intrageneric variation, and
apomorphic condition occurs in some avian genera
not included among exemplar taxa.

0028. Foramen magnum (caudal perspective),
forma:

a. subcircular, slightly wider than tall;

b. oval, taller than wide.

Note.—See: Makovicky and Sues (1998); Norell et
al. (2000: appendix 1, character 14); Norell et al.
(2001: appendix 1, character 57); J. M. Clark et al.
(2002a: appendix 2.2, character 56); Vickers-Rich et
al. (2002), concerning Avimimus; Xu (2002: suite II,
character 97); Hwang et al. (2004: supplement, char-
acter 55); Xu and Norell (2004: supplement, charac-
ter 55).

0029. Foramen magnum, diameter relative to that
of condylus occipitalis:

a. former no greater than latter;

b. former greater than latter.

Note.—See: Maryanska et al. (2002: appendix 1,
character 47).
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0030. Caudoventral deflection occipitalis (relative
to planum normal to palatum osseum), forma:

a. caudad; b. ventrocaudad.

Note.—See: Holtz (1994a: appendix 1, character
74); Sues (1997: appendix 1, character 13); Currie
and Carpenter (2000: appendix 1, character 25);
Holtz (2000 [1998]: appendix I, character 101).

0031. Prominentia cerebellaris, marked, abrupt
caudal extension—extending caudad to crista (linea)
nuchalis transversa—and conformation as smooth,
rounded, subglobular bulla lacking distinguishable
linea aut carina medialis, status:

a. absent; b. present.

Note.—See: Chu (1998: appendix 1, character 3).

0032. Crista (linea) nuchalis sagittalis (principally
ossa parietales), status et forma (ordered):

a. absent or obsolete, eminentia limited to jugum
lateralis dorsal to fenestra supratemporalis;

b. present, low or moderately developed;

¢. present, prominent.

Note.—Primarily a feature of ossa parietales, but
may involve to lesser degree ossa supraoccipitales
(to which feature attributed for Carnotaurus). See:
Currie (1985); Bonaparte (1991); Currie and Zhao
(1994a [1993a]); Holtz (1994a: appendix 1, character
14); Russell and Dong (1994a [1993a]: table 2, char-
acter 8); Forster et al. (1998: supplement, character
10); Livezey (1998b: appendix A, character 89),
originally conceived to differentiate the two species
of Aptornis; Xu et al. (1999a: character 8); Xu et al.
(1999b: character 10); Holtz (2000 [1998]: appendix
I, character 84); Xu et al. (2000: supplement, char-
acter 8); Norell et al. (2001: appendix 1, character
48); J. M. Clark et al. (2002a: appendix 2.2, character
47); Coria and Currie (2002: appendix 1, character
12); Maryanska et al. (2002: appendix 1, character
28); Vickers-Rich et al. (2002), concerning Avimi-
mus; Xu (2002: suite II, character 90); Xu et al.
(2002a: supplement, character 35); Hwang et al.
(2004: supplement, character 46); Xu and Norell
(2004: supplement, character 46).

0033. Crista (linea) nuchalis transversa (largely
ossa supraoccipitales), status:

a. present and pronounced;

b. indistinct or absent.

Note.—See: Gauthier (1986); Holtz (1994a: ap-
pendix 1, character 24), ambiguous concerning crista
intended; Forster et al. (1998: supplement, character
20); Xu et al. (1999b: character 18); Holtz (2000
[1998]: appendix I, character 83); Maryanska et al.
(2002: appendix 1, character 44); Vickers-Rich et al.
(2002), concerning Avimimus.

0034. Crista (linea) nuchalis transversa, caudal de-
viation on midline of cranium onto caudally promi-
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nent, rounded, ventrally concave, lamina medialis
nuchalis (new term), status:

a. absent; b. present.

Note.—See: Owre (1967: figs. 45-46), effecting ar-
ticulatio supraoccipitalo-nuchalis (new term).

0035. Cristae laminae externae cranii—elongate,
concave, triangular lamina bordered by cristae (i)
nuchalis transvera, (ii) nuchalis lateralis, (iif) otica
dorsalis, et (iv) post zygomatica, status:

a. absent; b. present.

Note.—“Nuchalis transversa” is synonymous with
“occipital” and “crest C” of Zusi and Storer (1969)
and “occipitalis” of Dullemeijer (1951a-b). “Nucha-
lis lateralis” is synonymous with “crest B” of Zusi
and Storer (1969) and “occipitalis” of Bas (1954).
“Otica dorsalis” is synonymous with “dorsalis” of
Butendieck and Wissdorf (1982), “praeglenoidea” of
Weber (1996), “crest D” of Zusi and Storer (1969),
and “c.26” of Bas (1954). “Temporalis ventralis” is
synonymous with “temporalis” of Bas (1954).

See: Siegel-Causey (1988: character 6), regarding
“second postorbital (temporal) process”; Chu (1998:
appendix 1, character 10)—area muscularis aspera
on paries caudalis orbitae of os laterosphenoidale;
Livezey (1998b: appendix A, character 80), pertain-
ing to fossa musculorum temporalium.

0036. Lamina externae cranii—broad, concave,
triangular lamina bordered by cristae (/) nuchalis lat-
eralis, (if) otica dorsalis, et (iif) m. depressor man-
dibulae, status:

a. absent; b. present.

Note.—"“Crista m. depressor mandibulae” is syn-
onymous with “crest A” of Zusi and Storer (1969)
and “limiting crest” of Dullemeijer (1951a-b).

See: Siegel-Causey (1988: character 6), regarding
“second postorbital (temporal) process”; Chu (1998:
appendix 1, character 10)—area muscularis aspera
on paries caudalis orbitae of os laterosphenoidale;
Livezey (1998b: appendix A, character 80), regard-
ing fossa musculorum temporalium.

0037. Recessus basisphenoidalis, ostium caudalis
basisphenoidalis, subdivision (lobation), status et
forma modalis:

a. present, ostium undivided, unilobate;

b. present, ostium divided, subdivided by a thin
osseus spicule, bilobate;

c. absent.

Note.—In reference to “posterior opening of ba-
sisphenoid recess.”

See: Norell et al. (2001: appendix 1, character 13);
J. M. Clark et al. (2002a: appendix 2.2, character 10);
Vickers-Rich et al. (2002), concerning Avimimus; Xu
(2002: suite II, character 239); Xu et al. (2002a:
supplement, character 184); Hwang et al. (2004:
supplement, character 10); Xu and Norell (2004:
supplement, character 10).
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Cavum Cranii

0038. Fossa cranii rostralis, fossa tecti mesen-
cephali, and canalis semicircularis anterior, forma:

a. triangular;

b. approximately linearly aligned, the axis of
alignment almost perpendicular to planum of palate.

Note.—Forma defined here as the relative geo-
metric relationship of their respective midpoints (lat-
eral perspective, planum parasagittalis).

0039. Fossa cranii rostralis (internal perspective),
forma:

a. comparatively narrow lateromedially, essen-
tially ovate, with rostrolateral paries not markedly
convex;

b. comparatively broad lateromedially, distinctly
kidney-shaped, with rostrolateral paries markedly
convex.

Note.—Derived state related to comparatively vo-
luminous encephalon and its rostral extension paral-
lel to axis majoris vertebralis dorsal to orbita.

0040. Fossa cranii rostralis, caudal expansion lat-
eral to canalis semicircularis (anterior) rostralis (new
term), status:

a. absent, fossa rostral;

b. present, fossa caudal.

0041. Fossa cranii rostralis, foramen nervorum ol-
factorii, status:

a. absent, n. olfactorii passing internally within the
interorbital region of skull, medial to paries medialis
orbitae and paries dorsalis orbitae, and ventral to os
frontale;

b. present, n. olfactorii passing at least in part
lateral to paries medialis orbitae.

Note.—With respect to foramen nervorum olfac-
torii, we follow the implication by Baumel and Wit-
mer (1993) in restricting the term to foramina in
paries caudalis orbitae (i.e., accommodating passage
of n. olfactorii from fossa cranii rostralis into orbita);
this foramen is continued rostrally by sulcus n. olfac-
torii in many taxa. See: Zusi (1975); Chatterjee
(1991: character 2); Chatterjee (1999: appendix II,
character 3).

0042. Fossa cranii rostralis, fossa bulbi olfactorii,
forma sensu proximity to cavum nasi, regio olfactoria
(ordered):

a. cavum significantly rostral to fossa bulbi;

b. cavum closely approaching but not contiguous
with fossa bulbi;

¢. cavum rostrocaudally contiguous (remains ros-
trocaudally partitioned) with fossa bulbi;

d. cavum extending substantially caudad so as to
be positioned partially dorsal to fossa bulbi.

Note.—Nonexemplary genera of Sphenisciformes
approach state “a.”

0043. Fossa cranii media, fossa tecti mesencephali

(fossa ganglii trigemini or membrane-covered spa-
tium directly ventral), canalis nervus maxilloman-
dibularis, proportion of canalis to which fossa cranii
media is ventral, forma (ordered):

a. caudal one-third; b. middle one-third;

c. rostral one-third.

Note.—Provisional a priori basal polarity is state
Eéb.’7

0044. Fossa cranii media, fossa tecti mesencephali
(fossa ganglii trigemini or membrane-covered spa-
tium directly ventral to it; dissection required), ca-
nalis nervus maxillomandibularis, length between
crista marginalis tecti caudalis (new term) and fora-
men nervus maxillomandibularis relative to diam-
eter of latter foramen:

a. long, exceeding (usually markedly) diameter;

b. short, approximating diameter.

0045. Fossa cranii media, fossa tecti mesencephali
(fossa ganglii trigemini or membrane-covered spa-
tium directly ventral), canalis nervus maxilloman-
dibularis, conformation of osseus passage internal to
foramen nervus maxillomandibularis and to crista
tecti caudalis (unordered):

a. sulcus, without foramen in crista tecti caudalis,
including those in which osseus arcus (see below)
was indicated but incomplete;

b. sulcus, with passage enclosed dorsally by com-
plete osseus arcus, forming in crista tecti caudalis;

c. cuniculus, passage enclosed dorsally for at least
one-half its length.

0046. Fossa cranii media, fossa tecti mesencephali
(fossa ganglii trigemini or membrane-covered spa-
tium directly ventral), canalis nervus maxilloman-
dibularis, foramen nervus maxillomandibularis to fo-
ramen nervi ophthalmici, situs externus:

a. adjacent but narrowly partitioned by pila ossea,
or confluent;

b. well separated by lamina ossea.

Note.—See: Saiff (1974, 1976, 1978, 1980, 1981,
1982, 1983, 1988); J. D. Harris (1998: appendix 2,
character 26); Azuma and Currie (2000: appendix 1,
character 16); Currie and Carpenter (2000: appendix
1, character 28); Norell et al. (2000: appendix 1, char-
acter 12); Bourdon et al. 2005: appendix 1, character
29), regarding rostrocaudal situs relative to that of
recessus tympanicus rostralis. Baumel and Witmer
(1993) list foramina involved under os laterosphe-
noidale, and although these pertain to externum cra-
nii, character listed here as the evaluations were fa-
cilitated by internal examination.

0047. Foramen nervi maxillomandibularis, divi-
sion by osseus partition into separate foramina for
nervi maxillaris et mandibularis, status:

a. absent; b. present.

Note.—Character determinable from externum
cranii. Intraspecific variation in Alectoris and Goura.
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Baumel and Witmer (1993: 81) erroneously listed
Tyto, Buteo, and Cathartes as apomorphic in this fea-
ture.

0048. Foramen nervi maxillomandibularis, situs
rostrocaudalis relative to os parasphenoidale, lamina
parasphenoidalis, ala parasphenoidalis, or homolo-
gous lamina (if present):

a. rostral;

b. caudal, coincident with prominently developed
ala parasphenoidalis and hiatus subtympanicus.

Note.—See: Kithne and Lewis (1985); Elzanowski
(1991: table 3) and Elzanowski and Galton (1991:
character 9); Hughes (2000: appendix 2, characters
39-40).

0049. Fossa cranii media, fossa tecti mesencephali,
situs relative to fossa cranii rostralis and associated
orientation of separating crista tentorialis:

a. ventral or caudoventral, crista obliquely sloping
relative to planum palatum;

b. essentially caudal, crista almost perpendicular
to planum palatum.

Note.—See: Portmann and Stingelin (1961) and
R. Pearson (1972) regarding orientation of subparts
of brain in Phalacrocorax; Siegel-Causey (1988:
characters 27-28) regarding foramina trigeminales
prodtica in Phalacrocorax; Chu (1998: appendix 1,
character 8) regarding Laridae.

0050. Fossa cranii media, fossa tecti mesencephali,
crista tentorialis, extreme medial prominence, asso-
ciated with solum of fossa cranii rostralis as discoid,
dorsally concave lamina, status:

a. absent; b. present.

Note.—The solum indicated ends abruptly at the
comparatively large foramen ganglii trigemini, the
latter marking the caudal terminus of a reduced
fossa tecti mesencephali, and has the appearance of
being compressed ventrad against the canalis semi-
circularis anterior.

0051. Fossa cranii media, fossa tecti mesencephali,
crista tentorialis, lateromedial depth (ordered):

a. small, crista almost indistinguishable;

b. medium, distinct, variably shaped, but not
prominent;

c. large, shelflike, deeper in middle than at rostral
or caudal ends.

Note.—Provisional basal polarity is state “b.”

0052. Fossa cranii media, fossa tecti mesencephali,
crista tentorialis, junctura with fossa cerebelli, crista
marginalis cerebelli, position relative to canalis semi-
circularis anterior:

a. along rostro-dorsal margo of canalis;

b. dorsal to canalis, with distinct segment of crista
marginalis between canalis and junctura cristae.
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0053. Fossa cranii media, fossa tecti mesencephali
et fossa (chiasma) opticus (new term), linea cerebra-
lis optici (new term), status (ordered):

a. absent or rudimentary, crista tentorialis sepa-
rated from planum medialis by significant expanse of
smooth bone;

b. moderately distinct, defining variably con-
formed boundary between fossae cranii rostalis et
media (or to margo rostromedialis ossis where paries
caudales orbitae deficient), typically appearing as
rostral continuation of crista tentorialis;

c¢. prominent, forming substantial osseus crista or
lamina dorsal to fossa opticus.

Note.—Distinction of states “a” and “c” problem-
atic in some taxa. See: Stephan (1979), regarding
Spheniscidae.

0054. Fossa cranii caudalis, foramen magnum,
prominent, bilateral, rostromedially oriented tuber-
culae on margines laterales foraminis, status:

a. absent; b. present.

Note.—Determinable from externum through fo-
ramen magnum. Evidently represent extreme homo-
logues of variably roughened facets in other taxa, the
function of which is unknown; apparently without
formal name.

0055. Fossa cranii caudalis, foramen magnum,
margo ellipticalis, orientation of axis majoris ellip-
soidalis relative to axes dorsoventralis et laterome-
dialis, forma:

a. aligned with latter, foramen subcircular;

b. aligned with former, foramen taller than wide.

Note.—See: Makovicky and Sues (1998: appendix
1, character 20); Holtz (2000 [1998]: appendix I,
character 102); Xu et al. (2002a: supplement, char-
acter 42).

0056. Fossa cranii media, fossa tecti mesencephali,
caudal expansion lateral to canalis semicircularis an-
terior, status:

a. absent; b. present.

0057. Fossa cerebelli, crista marginalis cerebelli,
planum transversus cristae—perpendicular to pla-
num transversus ossis parasphenoidale, ostium pha-
ryngeale et os basioccipitale, fossa subcondylaris—
relative to area enclosed by canalis semicircularis an-
terior, situs rostrocaudalis (ordered):

a. rostral; b. coincident; ¢. caudal.

0058. Fossa cerebelli, sulcus venus semicircularis,
osseus medial lamina, status:

a. present, sulcus enclosed at least at junctura with
crista tecti caudalis;

b. absent, but sulcus may be narrow or constricted
at junctura with crista tecti caudalis.

Note.—See: Chatterjee (1999: entry 10), in refer-
ence to “sinus canal” between ossa epioticum et su-
praoccipitale.
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0059. Fossa cerebelli, sulcus venus semicircularis,
inclusion of dorsolateral portion on solum of fossa
cranii rostralis, status:

a. absent; b. present.

0060. Fossa cerebelli, vertex (junctura) cristae
marginalis cerebelli (new term), marginis tecti cau-
dalis et tentorialis, forma:

a. simple intersection of cristae without promi-
nent tubercular development;

b. prominent, triangular-based, typically blunt tu-
berculum or eminentia immediately rostro-dorsal to
canalis semicircularis anterior, and visible through
foramen magnum of intact crania.

Note.—State “b” approached in Fregata, Sulidae,
Pelecanus, and Balaeniceps.

0061. Tuberculum pineale, status:

a. absent;

b. present, extending ventrad to cristae internae.

Note.—This feature is a variably prominent, tri-
angular eminentia on the calvaria interna at the in-
tersection of crista frontalis interna et crista margin-
alis cerebelli, positioned in proximity to the glandula
pinealis (Tilney and Warren 1919). Other variation
in cristae vallecularis et frontalis interna, although
suggestive, did not sustain discrete coding of states.

Ossa Cranii, 1
Os Basioccipitale

Note.—Examination of suitably prepared, juve-
nile specimens suggests that during early ontogeny,
bilaterally paired ossa basioccipitales synostotically
unite to form the definitive, apparently single
lamina. Dorsal os supraoccipitale, like ventral coun-
terpart os basioccipitale, is considered to be singular,
as opposed to bilaterally paired (Romer 1956). See:
Simonetta (1957, 1960a-b, 1963, 1968) for review of
general cranial architecture.

0062. Os basioccipitale, fovea ganglii vagoglosso-
pharyngealis, foramina externa, numerus modalis:

a. one, gangliae nervorum cranii IX and X sharing
common foramen;

b. two, gangliae nervorum cranii IX and X having
separate foramina.

Note.—A single fovea ganglii vago-glossopharyn-
gealis is located in the sutura opisthotico-basioccip-
talis of basis cranii interna, fossa cranii caudalis.
Variation in Aves corresponds to foramina effer-
entes basis cranii externa, and evidently serves as
synapomorphy for Neognathae. Problematic rela-
tionship with character compiled by Saiff (1988:
table 1) as “separate IX foramen,” compiled largely
from previous ordinal studies (Saiff 1974, 1976, 1978,
1980, 1981, 1982, 1983, 1988).

See: Cracraft (1988: series VII, character 4);

Cracraft and Mindell (1989: table 1, character 30)
regarding foramina in (basi)parasphenoidal plate for
“carotid/stapedial arteries, lateral head vein, and the
hyomandibular branch of nerve VII, with a large
foramen for nerves IX and X along its posterior mar-
gin”; Elzanowski (1991: table 3); Elzanowski and
Galton (1991: character 8); Elzanowski (1995: 43-44,
character unindexed); Ericson (1996: character 4);
Sereno et al. (1996: footnote 45, character 40); Rot-
thowe and Starck (1998: appendix, character 6);
Bourdon et al. (2005: appendix 1, characters 23-24).

Os(sa) Basioccipitale et/aut Basisphenoidale

0063. Os(sa) basioccipitale et/aut basisphenoidale,
tuberculum basilare (“basal tubera”), separation by
incisura intertubercularis basilares (new term) from
limitus caudoventralis suturarum opisthotico-
exoccipitalis et opisthotico-basisphenoidalis, status:

a. absent; b. present.

Note.—Homology of basal tubera of stem
Theropoda with tuberculum basilare of Aves gener-
ally accepted (Baumel and Witmer 1993: annotation
83). See: J. D. Harris (1998: appendix 2, character
25); Azuma and Currie (2000: appendix 1, character
11, part); Currie and Carpenter (2000: appendix 1,
character 27), in reference to “basisphenoid sepa-
rated from basal tubera by notch”; Holtz (2000
[1998]: appendix I, character 99).

0064. Os(sa) basioccipitale et/aut basisphenoidale,
tuberculum basilare, definitive composition:

a. includes both elements, which remain undi-
vided;

b. includes both elements, divided by lateral, lon-
gitudinal sulcus into pars medialis tuberculae (new
term) ossis basioccipitale, and pars lateralis tubercu-
lae (new term) ossis basisphenoidale.

Note.—Bilateral tuberculae at the rostrolateral
vertices of os basioccipitale, composed of os basioc-
cipitale alone, are encased during development by os
basisphenoidale, a trend reflected in definite states
(Pycraft 1902; Saiff 1974; Witmer 1990). Tuberculum
basilare (also known as the “basal tuber”)—distinct
and caudal to processes basipterygoidei—serves pri-
marily as tuberculum insertii m. rectus capitis dorsa-
lis (Baumel and Witmer 1993: annotation 83).

See: Sereno and Novas (1992: appendix, character
9); Sereno et al. (1994: footnote 12); Sereno et al.
(1996: footnote 45, character 44); J. D. Harris (1998:
appendix 2, character 22), regarding “basioccipital
participates in basal tubera”; Azuma and Currie
(2000: appendix 1, character 11, part); Currie and
Carpenter (2000: appendix 1, character 24); Holtz
(2000 [1998]: appendix I, character 96); Maryanska
et al. (2002: appendix 1, character 48), termed “basal
tubera”; Rauhut (2003: character 55).
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0065. Os(sa) basioccipitale et/aut basisphenoidale,
tuberculum basilare (“basal tuber”), prominence
(depth):

a. moderately prominent;

b. very prominent, widely separated.

Note.—See Norell et al. (2000: appendix 1, char-
acter 16); Maryanska et al. (2002: appendix 1, char-
acter 48), termed “basal tubera”; Vickers-Rich et al.
(2002), concerning Avimimus.

0066. Os(sa) basioccipitale et/aut basisphenoidale,
tuberculum basilare (“basal tuber”), incisura inter-
tubercularis (new term), forma:

a. broad, parabolic—“U-shaped”;

b. narrow, chevroniform—“V-shaped”;

x. noncomparable (Neornithes).

Note.—Character manifested inordinate variation
and precluded confident assignments of Neornithes
in manner comparable to nonavian Theropoda; simi-
lar problems were encountered in attempts to ex-
pand conformational characters of some authors—
e.g., Harrison and Walker (1976b: pl. i, fig. b) and
Bourdon et al. (2005: appendix 1, character 27) for
Neornithes.

See: Norell et al. (2000: appendix 1, character 17);
Xu (2002: suite II, character 14), regarding “incisure
between basal tubera”; Hwang et al. (2004: supple-
ment, character 222); Makovicky and Norell (2004:
character 222); Xu and Norell (2004: supplement,
character 222), including position with respect to
condylus occipitalis and angulus intertubercularis.

0067. Os(sa) basioccipitale et/aut basisphenoidale,
tuberculae basilares (“basal tubers”), intertubercular
distance relative to width of condylus occipitalis:

a. former greater than latter;

b. former less than latter.

Note.—See: Elzanowski (1991: table 3); Elza-
nowski and Galton (1991: character 5); Azuma and
Currie (2000: appendix 1, character 12); Holtz (2000
[1998]: appendix I, character 97); Currie et al. (2003:
appendix, character 4).

0068. Os(sa) basioccipitale et/aut basisphenoidale,
tuberculum basilare (“basal tuber”), expanse of os
basisphenoidale between tuberculae basilares et pro-
cesses basipterygoidei, length relative to width:

a. approximately equal;

b. length approximately 1.5 times width.

Note.—See: Rauhut (2003: character 56).

Os Exoccipitale
Fossa parabasalis: Foramina vascularia et nervosa

Saiff (1974, 1976, 1978, 1980, 1981, 1982, 1983,
1988)—summary of characters provided in Saiff
(1988: table 1)—demonstrated that variation in di-
verse foramina were of potential phylogenetic im-
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portance. Most of the venae arteriae et nervi passing
through these foramina were associated with ante-
rior ostia through paries caudalis orbitae or the ba-
sicranium (especially dorsal to lamina basisphenoi-
dalis). Some passed through the cranium interna
whereas others passed laterally through fossa para-
basalis (including “metotic process” sensu Saiff), and
most or all penetrate the cranium caudally through
the occiput (ossa supraoccipitale et exoccipitale).
“Metotic process,” herein referred to as paries cau-
dalis et ventralis of fossa parabasalis, was defined by
Saiff (1974: 216) as: “The ossified first metotic car-
tilage which forms lateral to the hypoglossal fo-
ramina and constitutes the floor and most of the
posterior wall of the recessus scalae tympani [cavum
tympanicum].” In a survey of these structures in Fal-
coniformes, Saiff (pers. comm.) figured the proces-
sus metoticus as a pila ossea at margo caudalis re-
cessi tympanici.

Characters pertaining to canalis (sulcus) carotis
cerebralis, canalis (sulcus) arteria ophthalmicus ex-
ternus et nn. abducentis, oculomotorii, maxilloman-
dibularis, opthalmici, et trochlearis as variably mani-
fest in paries caudalis orbitae, cavum tympanicum,
et/aut occiput (Saiff 1974, 1976, 1978, 1980, 1981,
1982, 1983, 1988); Bourdon et al. (2005: appendix 1,
characters 29, 33-34); Bourdon (2006: supplement,
characters 77-78).

0069. Os exoccipitale, fossa parabasalis, status:

a. absent; b. present.

Note.—Deemed synonymous with “deep lateral
depression in otic region of braincase.” See: Baur
(1889); J. M. Clark et al. (1994); Holtz (1994a: ap-
pendix 1, character 64); Sues (1997: appendix 1,
character 12); Makovicky and Sues (1998: appendix
1, character 16); Holtz (2000 [1998]: character I,
character 89); Hwang et al. (2004: supplement, char-
acter 8).

0070. Os exoccipitale, fossa parabasalis, ostium
canalis (afferens) carotici, foramen (foramina) for
arteriae carotis communis, numerus modalis:

a. two foramina, arteriae enter separately;

b. single foramen, arteriae enter together.

Note.—Familial summary presented by Saiff
(1988: table 1), under “carotid canal,” compiled
largely from previous ordinal studies Saiff (1974,
1976, 1978, 1980, 1981, 1982, 1983, 1988). See:
Cracraft (1988: series VII, character 4); Cracraft
(1988: 353) also contrasted Balaeniceps with typical
Pelecaniformes in part by the former possessing
“...a single foramen or notch for the carotid and
stapedial arteries (Balaeniceps has separate fo-
ramina, which seems to be primitive)”; Cracraft and
Mindell (1989: table 1, characters 18, 26, and 30), last
regarding foramina in basiparasphenoidal plate for
“carotid/stapedial arteries, lateral head vein, and the
hymomandibular branch of nerve VII, with a large
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foramen for nerves IX and X along its posterior mar-
gin” (p. 347); Elzanowski (1991: table 3); Elzanowski
and Galton (1991: character 7); Elzanowski (1995:
character Nb’2); Ericson (1996); Siegel-Causey
(1997: table I, character 6), regarding foramina in
(basi)parasphenoidal plate for “carotid/stapedial ar-
teries, lateral head vein, and the hymomandibular
branch of nerve VII, with a large foramen for nerves
IX and X along its posterior margin” (p. 347); J. D.
Harris (1998: appendix 2, character 27), with respect
to “pneumatic openings associated with internal ca-
rotid artery”; Azuma and Currie (2000: appendix 1,
character 15), also with respect to “internal carotid”;
Currie and Carpenter (2000: appendix 1, character
29), concerning “internal carotid artery, pneuma-
tized opening”; Holtz (2000 [1998]: appendix I, char-
acter 91), citing Makovicky and Sues (1998);
Cracraft and Clarke (2001); G. Mayr and Clarke
(2003: appendix A, character 26), who associated this
complex with convexity of lamina basiparasphenoi-
dalis and its angulus with rostrum parasphenoidale.

0071. Os exoccipitale, fossa parabasalis, foramen
internum nervi facialis (nervus cranii VII), et fora-
men internum nervi vestibulocochlearis (nervus cra-
nii VIII), sitae relativa cranioventrales:

a. former ventral to latter;

b. former cranioventral to latter.

Note.—See: Holtz (2000 [1998]: appendix I, char-
acter 94), citing in turn Makovicky and Norell
(1998); Hughes (2000: appendix 2, character 30).

0072. Os exoccipitale, fossa parabasalis, foramina
efferentes nervorum cranii X—XII—nn. vagus, acces-
sorius, et hypoglossus, respectively—fovea forami-
nis, status (new term):

a. fovea present, exitus recessed, foramen within
orbiculate fovea foraminis;

b. fovea absent, exitus superficial, perforata in ex-
ternum.

Note.—Internal avian counterpart to fossa para-
basalis is fovea ganglii vagoglossopharyngealis. See:
Norell et al. (2001: appendix 1, character 15); J. M.
Clark et al. (2002a: appendix 2.2, character 19); Vick-
ers-Rich et al. (2002), concerning Avimimus; Xu
(2002: suite II, character 240); Xu et al. (2002a:
supplement, character 185); Hwang et al. (2004:
supplement, character 19); Xu and Norell (2004:
supplement, character 19).

0073. Os exoccipitale, fossa parabasalis, foramina
nervi cranii X (n. vagus) et XI (n. accessorius), situs
relative to foramina nervus cranii XII (n. hypoglos-
sus), foramen v. jugularis, et condylus occipitalis:

a. nervi vagus et accessorius exit laterad through
common foramen with venus jugularis;

b. nervi vagus et accessorius exit caudolaterad
through foramen separated from that (those) for n.
hypoglossus et v. jugularis by pila metotica between

rima lateralis ossis basioccipitale and basis processi
paroccipitalis.

Note.—See: Xu et al. (2002b); Rauhut (2003:
character 60).

0074. Os exoccipitale (lamina externa cranii, oc-
ciput), foramen magnum, incisura foraminis, status
et forma (unordered):

a. absent or indistinct;

b. present, positioned at dorsoventral midpoint of
margines laterales;

¢. present, positioned at dorsolateral vertices of
foramen.

0075. Os exoccipitale (lamina externa cranii, oc-
ciput), foramen magnum, marked dorsal intrusion by
condylus occipitalis (ossa basioccipitale et exoccipi-
tales, processes condylares) into margo ventralis
foraminis at midline, effecting inverted cordiform
outline of foramen (caudal perspective), status:

a. absent; b. present.

Os Supraoccipitale

Note.—Some juvenile specimens (e.g., Eudoci-
mus ruber; CM 15946) retain variably distinct fissu-
rae dorsales ossium supraoccipitalia that are sugges-
tive of suturae intersupraoccipitales (new term),
whereas this element generally is considered to de-
rive from a single, median primordium.

0076. Os supraoccipitale, facies nuchalis (facies
articularis ossis nuchale, where present), relative to
that of condylus occipitalis—composed of os basioc-
cipitale medioventrally and exoccipitales dorsolater-
ally—situs rostrocaudalis:

a. caudal; b. rostral or equal.

Note.—See: Dullemeijer (1951a—c); Siegel-
Causey (1988: character 35).

0077. Os supraoccipitale, foramen dorsomedi-
ana—cf. foramen (ostium)—status et situs (or-
dered):

a. absent, foramina bilaterally symmetrical within
regiones occipitales;

b. present, foramina approaching or unified—
foramen dorsomediana (new term)—often within
margo dorsalis foraminis magnum;

c. present, distinctly dorsal, often proximate to
crista nuchalis transversa.

Note.—Sece: Beddard (1898a: 314), as “median su-
pra-occipital foramen”; Bourdon et al. (2005: appen-
dix 1, characters 18-19).

0078. Os supraoccipitale, fonticulus occipitalis
(typically closed by membrana in vivo, may admit
vena occipitalis externa peripherally), status defini-
tivum:

a. absent; b. present.

Note.—May be widespread embryonically and
concealed by adulthood, and some taxa (especially
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massive species) show developmental variation in
size and (rarely) presence of fonticulus in older in-
dividuals (e.g., Cnemiornis, some Grus). Ostia v. oc-
cipitalis externa extended rostrad (internally) as v.
semicircularis and sinus petrosus caudalis.

See: Strauch (1978: character 18), reanalyzed by
Bjorklund (1994) and Chu (1995); Strauch (1985:
character 6); Livezey (1986: appendix 1, character 9);
Livezey (1989: table 1, character 9); Andors (1992:
table 2, character 9); Ericson (1997: table 1, charac-
ter 1; table 2, character 1); Livezey (1997a: appendix
1, character 5; corrigenda, Livezey 1998a); Chu
(1998: appendix 1, character 9); Livezey (1998b: ap-
pendix A, character 87); Dyke (2001b: appendix 1,
character 5); G. Mayr and Clarke (2003: appendix A,
character 27); G. Mayr (2004a: appendix 1, character
15); G. Mayr and Ericson (2004: appendix I, charac-
ter 17).

0079. Os supraoccipitale, foramen efferens vena
occipitalis externa, status et situs:

a. present, bilateral;

b. absent, venae occipitales interna et externa
confluent and exiting cavum cranii as unified vena
occipitalis communis through intervallum atlantico-
occipitalis.

Note.—See: Bourdon et al. (2005: appendix 1,
character 19); Bourdon (2006: supplement, character
97).

Os Postorbitale

0080. Os postorbitale, status:

a. present, typically united by sutura with os ju-
gale, thereby contributing to typical “diapsid tempo-
ral configuration”;

b. absent, expunging aspect of “diapsid temporal
configuration” through associated confluence of two
fenestrae temporales with orbita and absence of ar-
cus temporalis.

Note.—See: Cracraft (1986: appendix, character
59); Cracraft (1988: series I, character 8); Chatterjee
(1991: characters 8 and 12); J. M. Clark et al. (1994);
Chatterjee (1995: character 2); Chiappe et al. (1996:
appendix 1, character 93); Hou et al. (1996: character
6); Sanz et al. (1997: footnote 29, character iv); Chat-
terjee (1999: appendix II, characters 2 and 10, part);
Hou et al. (1999a); Chiappe (2001a: appendix 1,
character 13); Ji et al. (2001), regarding unnamed
dromaeosaurid NGMC 91-A; Chiappe (2002: appen-
dix 20.2, character 13); Chiappe and Lacasa-Ruiz
(2002), regarding Noguerornis; Vickers-Rich et al.
(2002), concerning Avimimus; Xu et al. (2003), con-
firming a “triradiate” os postorbitale in Microraptor.

0081. Os postorbitale, processus postorbitalis,
relative to fenestra subtemporalis et os quadratum
(lateral perspective), forma:
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a. processus postorbitalis parallels os quadratum,
fenestra subtemporalis rectangular;

b. processus postorbitalis or os jugale contact os
quadratojugale to constrict fenestra subtemporalis;

X. noncomparable by absence of os postorbitale
(Neornithes).

Note.—See: Norell et al. (2001: appendix 1, char-
acter 10); J. M. Clark et al. (2002a: appendix 2.2,
character 5); Xu (2002: suite II, character 59), re-
garding constriction of fenestra by ossa postorbitale
et quadratojugale; Hwang et al. (2004: supplement,
character 5); Xu and Norell (2004: supplement, char-
acter 5).

0082. Os postorbitale, processus frontalis, intru-
sion into orbita, status:

a. absent; b. present;

X. noncomparable by absence of os postorbitale
(Neornithes).

Note.—See: Norell et al. (2001: appendix 1, char-
acter 9); J. M. Clark et al. (2002a: appendix 2.2, char-
acter 3); Vickers-Rich et al. (2002); Xu (2002: suite
I1, character 58); Xu et al. (2002a: supplement, char-
acter 174); Hwang et al. (2004: supplement, charac-
ter 3); Xu and Norell (2004: supplement, character 3).

0083. Os postorbitale, processus frontalis, gradus
transitus from margo dorsalis orbitae:

a. smooth;

b. abrupt, sharply demarcated from margo orbit-
alis;

X. noncomparable by absence of os postorbitale
(Neornithes).

Note.—See: Currie (1995); Norell et al. (2001: ap-
pendix 1, character 45); J. M. Clark et al. (2002a:
appendix 2.2, character 45); Vickers-Rich et al.
(2002), concerning Avimimus; Xu (2002: suite II,
character 229); Hwang et al. (2004: supplement,
character 44); Xu and Norell (2004: supplement,
character 44).

0084. Os postorbitale, processus frontalis, orien-
tation and profile of margo dorsalis as delimited by
suturae (lateral perspective), forma:

a. straight, margo dorsalis linear, element perpen-
dicular or cruciate (“T-shaped”);

b. curved rostrodorsad, margo dorsalis concave,
element subperpendicular (distorted “T-shaped”);

X. noncomparable by absence of os postorbitale
(Neornithes).

Note.—See: J. M. Clark et al. (1994); Currie
(1995: appendix, character 10); Xu et al. (1999b:
character 89); Holtz (2000 [1998]: appendix I, char-
acter 54); Xu et al. (2000: supplement, character 69);
Ji et al. (2001), regarding unnamed dromacosaurid
NGMC 91-A; Norell et al. (2001: appendix 1, char-
acter 47); J. M. Clark et al. (2002a: appendix 2.2,
character 4); Maryanska et al. (2002: appendix 1,
character 23), regarding “T-shaped” or “frontal pro-
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cess [of os postorbitale] upturned at about 90 de-
grees”; Xu (2002: suite II, character 248); Hwang et
al. (2004: supplement, character 4); Xu and Norell
(2004: supplement, character 4).

0085. Os postorbitale, processus frontalis, emi-
nentia postorbitales (new term), status:

a. absent; b. present;

X. noncomparable by absence of os postorbitale
(Neornithes).

Note.—See: Russell and Dong (1994a-b [1993a-
b]); Holtz (2000 [1998]: appendix I, character 47).

0086. Os postorbitale, processus (ventralis) jugalis
(new term), angulus rostralis (new term), status:

a. absent, processus monotonically tapering ven-
trad;

b. present, processus with small, triangular, ros-
trally directed “spur” evidently indicative of margo
ventralis oculae;

X. noncomparable by absence of os postorbitale
(Neornithes).

Note.—See: Sereno et al. (1996: footnote 45); J.
D. Harris (1998: appendix 2, character 9); Currie and
Carpenter (2000: appendix 1, character 12), regard-
ing “suborbital flange”; Holtz (2000 [1998]: appendix
I, character 53); Rauhut (2003: character 40).

0087. Os postorbitale, processus (ventralis) jugalis
(new term), status:

a. absent; b. present;
X. noncomparable by absence of os postorbitale
(Neornithes).

Note.—See: Sereno et al. (1996: footnote 45, char-
acter 49).

0088. Os postorbitale, processus (ventralis) jugalis
(new term), ventral extent relative to margo ventra-
lis of orbita, situs dorsoventralis:

a. dorsal; b. ventral;
X. noncomparable by absence of os postorbitale
(Neornithes).

Note.—See: J. D. Harris (1998: appendix 2, char-
acter 7); Azuma and Currie (2000: appendix 1, char-
acter 89); Currie and Carpenter (2000: appendix 1,
character 10); Holtz (2000 [1998]: appendix I, char-
acter 49); Xu et al. (2002a: supplement, character 3).

0089. Os postorbitale (lateral perspective), pro-
cessus (ventralis) jugalis (new term), forma:

a. essentially straight;

b. curves craniodorsally with margo dorsalis con-
cave;

X. noncomparable by absence of os postorbitale
(Neornithes).

Note.—See: Ericson (1997: table 2, character 4);
Xu et al. (2002a: supplement, character 193), in re-
lation to shape of “anterior [frontal] process.”

Os Orbitosphenoidale

0090. Os orbitosphenoidale, status definitivum:

a. present and distinguishable;

b. absent or indistinguishable, accompanied by ex-
pansion of os laterosphenoidale to become major
latero-rostral component of calvaria, especially par-
ies caudalis of the orbita.

Note.—See: Russell and Dong (1994a [1993a]:
table 2, character 9); Holtz (2000 [1998]: appendix I,
character 85). Where not discernable, an occult ves-
tigium of os orbitosphenoidale may persist, obscured
by the mediodorsal synostosis of os laterosphenoi-
dale with os orbitosphenoidale early in ontogeny
(Jollie 1957). Seldom discernable in adult Neor-
nithes, Baumel and Witmer (1993: annotation 88)
state that os laterosphenoidale (orbitosphenoidale of
Jollie 1957) forms much of the ventral part of paries
caudalis orbitalis, extending laterally from the sep-
tum interorbitalis (where perforated by nervi cranii
IL, III, IV, and VI) to the fossa musculorum tempo-
ralium, processus postorbitalis, and cavitas tympani-
cus. De Beer (1937) inferred os orbitosphenoidale to
be absent in Apteryx, all ossification of the ethmoid
region of the skull being derived solely by os mes-
ethmoidale. Synonymy of os laterosphenoidale with
os orbitosphenoidale unusual in that two primordia
are distinguished in early embryogenesis (Jollie
1957; Goodrich 1958; H. J. Miiller 1963; Hogg 1978),
both uniting by synostosis with os mesethmoidale.

Os Laterosphenoidale (Pleurosphenoidale)

Note.—Variably prominent impressiones muscu-
lorum characterize the externum cranii, especially
ossa laterosphenoidale, squamosum, frontale, et pa-
rietale. Much of the phylogenetically meaningful
variation is manifested only through myological dis-
sections (Zusi and Livezey 2000), and accordingly
are treated herein under the respective musculi. Fea-
tures so treated include impressio origii m. pseudo-
temporalis superficialis (new term), impressio origii
m. cucullaris capitus, membrana temporalis (new
term), et impressio origii m. adductor mandibulae
externus, pars coronoideus (new term).

Of special interest is the status and extent of the
fossa subtemporalis, a feature that, if present, is situ-
ated ventrad or caudal to fossa musculorum tempo-
ralium and rostral to fossa m. depressor mandibulae
(Zusi and Livezey 2000). Prominent impressiones
characteristic of some taxa—e.g., Gaviiformes, many
Procellariiformes, Sphenisciformes, Podicipedifor-
mes—were treated elsewhere (Dullemeijer 1951a—c,
1952; Davids 1952; Den Boer 1953a-b; Bas 1954,
1955a-b; Burggraaf 1954; Burggraaf and Fuchs 1954,
1955; A. Fuchs 1954a-b, 1955; Fujioka 1963; Van der
Klaauw 1963). See: Cracraft (1982: series 1, charac-
ter 2); Cracraft (1985: character 48), pertaining to
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semihorizontal surface dorsal to cotyla articularis
quadrati; Cracraft (1988: series X, character 2), as
uniting loons, grebes, and penguins; Coria and Cur-
rie (2002: appendix 1, character 8), termed “tempo-
ral fossa” of Tyrannosauridae. Variation detected in
“tuberculum pseudotemporale,” attributed by
Baumel and Witmer (1993) to some finches, was not
pertinent to higher-level relationships of Aves.

0091. Ossa laterosphenoidale et frontale, facies
orbitalis, impressio glandulae nasalis, status et forma
(ordered):

a. absent or obsolete;

¢. present, prominent.

Note.—This feature of ventrum orbitae co-occurs
with fossa glandulae nasalis on facies dorsalis facialis
in some taxa. In some taxa assigned “prominence”
there occur osseous enclosures accommodating the
glandulae in rostrodorsum orbitae.

See: Technau (1936); Siegel-Causey (1990); Bour-
don et al. (2005: appendix 1, character 39); Bourdon
(2006: supplement, character 98).

b. present, distinct;

0092. Os laterosphenoidale, facies orbitalis, pro-
cessus postorbitalis, incorporation of os frontale in
processus proprius, status:

a. present, processus primarily or entirely derived
from os frontale;

b. absent or limited to minor dorsal flange at base
of processus;

x. noncomparable by absence of processus post-
orbitalis (Apteryx, Phodilus, Strix, Steatornis, Nyc-
tibius, Podargidae, Aegothelidae) or lack of juve-
niles (Phalacrocorax).

Note.—Tinamiformes are variable, in some gen-
era os frontale composes entire facies lateralis pro-
cessi, with os laterosphenoidale comprising facies
medialis and apex processi. Many taxa indeterminate
because assessment requires juvenile specimens, in-
cluding especially critical Anhingidae. Superficially
similar feature in Strigiformes, and involvement of
os squamosum in the processus significant in some
Anseriformes.

See: H. J. Miiller (1963); Houde (1988: table 27,
character 18); Chatterjee (1991, 1999: character 12).

0093. Os laterosphenoidale, facies orbitalis, pro-
cessus postorbitalis, status (unordered):

a. prominent;

b. reduced to small tuberculum; ¢. absent.

Note.—Baumel and Witmer (1993: 71) stated that
0s squamosum contributes to processus in “some
galliforms,” but we see no evidence of this involve-
ment in the processus proprius. Os laterosphenoi-
dale composes much or all of the processus among
Aves, and the basis processi is close or adjacent to
the sutura laterospheno-squamosa in many avian
taxa.

See: Cracraft (1985: character 16); Siegel-Causey
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(1988: characters 5-6); Chatterjee (1991, 1999: char-
acter 12); Ericson (1997: table 1, character 2); Siegel-
Causey (1997: table I, character 13).

0094. Os laterosphenoidale, facies orbitalis, pro-
cessus postorbitalis, ventral extent (lateral view)
relative to cotyla quadratica otici et squamosi (unor-
dered):

a. dorsal; b. approximately equal;

c. distinctly ventral;

x. noncomparable, processus lacking (Apteryx,
Phalacrocoracidae).

Note.—Processus includes variable contributions
from ossa frontalis et squamosum in some groups
(coded separately). See: Livezey (1998b: appendix
A, character 74); Hughes (2000: appendix 2, charac-
ter 5), who attributed processus to os squamosum in
Cuculiformes.

0095. Os laterosphenoidale, facies orbitalis, pro-
cessus postorbitalis, orientation relative to margo
dorsalis (lateral view) orbitae (ordered):

a. diagonal to perpendicular, angulus 45°-90°;

b. obliquely rostral, angulus subdiagonal (< 45°);

X. noncomparable, processus lacking (Apteryx,
Anhingidae, Phalacrocoracidae).

Note.—Processus includes variable contributions
from ossa frontalis et squamosum in some groups
(coded separately).

0096. Os laterosphenoidale, facies orbitalis, pro-
cessus postorbitalis (if present), lateromedially
broad and rostrocaudally compressed, forming vari-
ably extensive, rostrally concave, paries caudalis or-
bitae, status:

a. absent; b. present;
x. noncomparable, processus lacking (Apteryx,
Phalacrocoracidae).

Note.—See: G. Mayr et al. (2003: appendix 1,
character 11); G. Mayr (2004d: appendix I, character
4); G. Mayr (2005a: appendix 1, character 4).

0097. Os laterosphenoidale, facies orbitalis, pro-
cessus postorbitalis (if present), tendines et/aut apo-
neuroses ossificantes from terminus processi toward
arcus jugalis, status:

a. absent; b. present;
x. noncomparable, processus lacking (Apteryx,
Phalacrocoracidae).

Note.—See: Prum (1988: character 1), regard-
ing variation in the “post-orbital ligament” among
Rhamphastoidea; G. Mayr (2004d: appendix I, char-
acter 4); G. Mayr (2005a: appendix 1, character 4).

0098. Os laterosphenoidale, facies orbitalis, pro-
cessus postorbitalis (if present), synostosis distalis of
aponeuroses ossificantes with os squamosum, pro-
cessus zygomaticus, status (ordered):

a. absent;

b. present, synostosis confined to apex processi;
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¢. present, synostosis along margo caudoventralis
processi;

X. noncomparable, processus lacking (Apteryx,
Phalacrocoracidae).

Note.—The processus postorbitalis of Anserifor-
mes, termed the “processus sphenotemporalis” by
Dzerzhinsky (1982, 1995), assumes an extended role
as ancora origii musculorum arising from the proces-
sus zygomaticus or homologous locus on os squamo-
sum (Zusi and Livezey 2000). Typical waterfowl
(Anseranatidae and Anatidae) resemble Anhimidae
but aponeuroses fail to ossify; this confounding fac-
tor may also pertain to Megapodiidae and Numidi-
dae. See: Holdaway (1991: appendix 5.1, character
15); Weber (1996); Ericson (1997: table 1, character
3); K. Lee et al. (1997: appendix 1, character 53);
Livezey (1997a: appendix 1, character 8; corrigenda,
Livezey 1998a); Livezey (1998b: appendix A, char-
acter 75); Rotthowe and Starck (1998: appendix,
character 19); detailed description by Zusi and
Livezey (2000); Dyke et al. (2003: appendix 1, char-
acter 19).

0099. Os laterosphenoidale, facies orbitalis, pro-
cessus postorbitalis (if present), synostosis with os
exoccipitale, closely caudal to processus zygomati-
cus, by rostrocaudally oriented, densely ossified ar-
cus parameaticus (new term) possessing ventrally di-
rected tuberculum at approximate midpoint, status:

a. absent; b. present.

Note.—Possible homology with other unions be-
tween processus zygomaticus et processus postorbit-
alis, many distinctly aponeurotic in nature (e.g., Gal-
liformes), not ascertained by dissection.

0100. Os laterosphenoidale, facies tecti mesen-
cephali, sulcus nervus ophthalmici, dorsal closure by
osseus lamina, status principalis:

a. present, closure by variably extensive pons
separated from foramen n. ophthalmici by sulcus or
forming a cuniculus continuous from foramen n.
ophthalmici for a significant distance caudomediad;

b. absent, sulcus completely exposed (open) from
foramen inward or closure limited to short arcus on
facies internum foraminis n. ophthalmici.

Note.—Basal polarity problematic a priori.

0101. Ossa laterosphenoidale et prootica, facies
lateralis, fonticulus laterospheno-prodtica (new
term), status:

a. absent;

b. present, a distinct fonticulus dorsocaudal to fo-
ramen nervi maxillomandibularis and at least ap-
proximating latter in diameter.

Note.—As in other fonticulae, this is closed by
membrana in vivo. Not to be confused with foramina
associated with nervus maxillomandibularis or reces-
sus tympanicus dorsalis. See: Chu (1998: appendix 1,
characters 11 and 14), ostia reversed.

0102. Ossa laterosphenoidale et/aut prodticum,
facies tecti mesencephali, fossa ganglii trigemini, os-
tium externum ganglii trigemini, situs relative to fo-
ramen vena cerebralis medialis:

a. through common foramen with ganglii tri-
gemini;

b. through separate foramen rostrodorsal to os-
tium externum ganglii trigemini.

Note.—See: Rauhut (2003: character 61). Apo-
morphic state (separate foramen) occurs in two ad-
jacent positions (Barsbold 1977; Currie 1985): in su-
tura prodtica-laterosphenoidalis (e.g., Dromaeosau-
rus) or entirely enclosed within adjacent part of os
laterosphenoidale (e.g., Troodon, Oviraptorosauria).

Os Basisphenoidale

0103. Os basisphenoidale, facies cerebralis, sella
turcica, angulus with respect to solum cranii, ap-
proximated by axis majoris sellae aut dorsum sellae:

a. essentially perpendicular to the planum of ros-
trum parasphenoidalis, enclosing a vertically ori-
ented fossa hypophysialis;

b. defining a shallow, acute angulus with the pla-
num of rostrum parasphenoidalis, approaching hori-
zontality, with solum fossae hypophysialis well cau-
doventral to the cranial margin of dorsum sellae.

Os Parasphenoidale

0104. Os parasphenoidale, rostrum parasphenoi-
dale, status generalis et pneumaticus:

a. rostrum absent, homologue a thin osseous pla-
tus, ventrum of which often with sulcus longitudina-
lis;

b. rostrum present, subconical, and pneumatic.

Note.—Rostal portion of rostrum parasphenoi-
dale forms basis of “cultriform process” (Romer
1956). See: Osmolska et al. (1972); Barsbold (1974);
J. M. Clark et al. (1994); Holtz (1994a: appendix 1,
character 60); Pérez-Moreno et al. (1994: legend for
fig. 3, character 11); Russell and Dong (1994b
[1993a]: troodontid character 1); Sues (1997: appen-
dix 1, character 8); Forster et al. (1998: supplement,
character 18); Xu et al. (1999a: character 14); Xu et
al. (1999b: character 16); Holtz (2000 [1998]: appen-
dix I, character 98); Norell et al. (2000: appendix 1,
character 8); Xu et al. (2000: supplement, character
12); Norell et al. (2001: appendix 1, character 19); J.
M. Clark et al. (2002a: appendix 2.2, character 11);
Maryanska et al. (2002: appendix 1, character 51);
Vickers-Rich et al. (2002), concerning Avimimus; Xu
(2002: suite II, character 64); Xu et al. (2002a:
supplement, character 9); Rauhut (2003: character
62); Hwang et al. (2004: supplement, character 11);
Xu and Norell (2004: supplement, character 11).



42 BULLETIN CARNEGIE MUSEUM OF NATURAL HISTORY

0105. Os parasphenoidale, rostrum parasphenoi-
dale, facies ventralis, angulus rostralis, forma:

a. horizontal or rostrodorsal;

b. rostroventral.

Note.—See: Ericson (1997: table 2, character 6);
Maryanska et al. (2002: appendix 1, character 52).

0106. Os parasphenoidale, rostrum parasphenoi-
dale—extension caudad to include lamina basisphe-
noidalis, facies ventralis—medial carina parasphe-
noidalis (new term) defined by depressiones bilater-
ales, status:

a. absent; b. present.

Note.—Similar, perhaps homologous, in part,
with “cultriform process” of nonavian Reptilia, de-
scribed by Romer (1956: 65) as “a slender rostrum of
dermal bone, ... V-shaped in section, extends for-
ward beneath the anterior part of the braincase be-
tween the interpterygoid vacuities.” See: Shufeldt
(1902a: pls. ii and vi); Bourdon et al. (2005: appendix
1, character 37); Bourdon (2006: supplement, char-
acter 103).

0107. Os parasphenoidale, rostrum parasphenoi-
dale, terminus of semicylindrical portion, rostral ex-
tent relative to those of orbita et septum nasi os-
seum, forma:

a. former caudal to margo rostralis orbitae;

b. former well rostral to orbita and contributing to
margo ventralis of septum nasi osseum.

Note.—Cranial extent of rostrum parasphenoi-
dale, treated here, evidently unassociated with form,
including status of “cultriform process.”

Processus basipterygoideus

Note.—Composition considered to include os(sa)
parasphenoidale et/aut basisphenoidale.

0108. Processus basipterygoideus, status defini-
tivum (ordered):

a. absent;

b. present, contributing to articulatio pterygo-
basipterygoidea (pterygo-rostroparasphenoidalis);

c. vestigial and nonfunctional, including where
processus functional in early ontogeny but second-
arily, chondroclastically reduced.

Note.—Incomplete representation of develop-
mental series likely resulted in underestimation of
secondary reductions. Outgroup and ontogenetic in-
formation (Goldschmid 1972a-d; D. Starck 1989;
Weber 1993; Zusi and Livezey 2006) indicate pro-
cessus plesiomorphic for Neornithes, subsequent re-
tention and parallel reduction being complex. Pres-
ent in early developmental stages but lost in adults in
some taxa (e.g., Spheniscidae). We reject the contro-
versial hypothesis that the comparatively rostral pro-
cesses of Galloanseres—“processus rostroptery-
goideus” (Baumel and Raikow 1993: annotation

NO. 37

27)—are not homologous with the processes basi-
pterygoidea of other Neornithes (Gaupp 1902;
Bohm 1930; Stresemann 1934; D. Starck 1940; Hofer
1945; Cracraft 1988; Weber 1993; Dzerzhinsky 1995;
Ericson 1996; J. A. Clarke 2004). J. A. Clarke (2004:
appendix 1, characters 19-20) distinguished the two
elemental (palatal and cranial) counterparts—
tuberculum ossis pterygoideum (processus “basi-
pterygoideus”) from tuberculum ossis basi(para)-
sphenoidale (processus “basisphenoidalis”). Posi-
tional information represented by the variation is
included with respect to situs of articulation of ba-
sipterygoideus.

See: Ligon (1967: table 1); Ostrom (1969, 1978);
Cracraft (1974: cranial character 4); S. L. Olson and
Feduccia (1980a: table 1, character 6); Cracraft
(1981a: 694); Cracraft (1986: appendix, characters
44-45); Livezey (1986: appendix 1, character 20);
Witmer and Martin (1987: character 8); Cracraft
(1988: series V, character 2); Cracraft (1988: series
VII, character 2); Houde (1988: table 27, character
7); Cracraft and Mindell (1989: table 1, characters 13
and 28); Livezey (1989: table 1, character 20); Hold-
away (1991: appendix 5.1, character 18); Andors
(1992: table 2, character 12); Weber (1993: table 1);
Russell and Dong (1994a [1993a]: table 2, character
11, part); Sereno et al. (1994: footnote 12); Elza-
nowski (1995: character N’10); Elzanowski and Well-
nhofer (1996: 86); Ericson (1996: character 2);
Sereno et al. (1996: footnote 45, character 41); Eric-
son (1997: table 1, character 7); Livezey (1997a: ap-
pendix 1, character 7; corrigenda, Livezey 1998a);
Sues (1997: appendix 1, character 10); J. D. Harris
(1998: appendix 2, character 28); Livezey (1998b: ap-
pendix A, character 76); Makovicky and Sues (1998:
appendix 1, character 15); Rotthowe and Starck
(1998: appendix, character 24); Xu et al. (1999a:
character 16); Currie and Carpenter (2000: appendix
1, character 30); Holtz (2000 [1998]: appendix 2,
character 30); Cracraft and Clarke 2001: appendix 2,
character 33); Currie and Chen (2001); Norell and
Clarke (2001: appendix I, characters 19 [basisphe-
noid plate], 20 [processus], 21 [position], and 22 [ori-
entation]), treated similarly by J. A. Clarke (2002:
appendix I, character 19), J. A. Clarke and Norell
(2002: appendix 2, character 19), and J. A. Clarke
(2004: appendix 1, character 19); Norell et al. (2001:
appendix 1, character 21); J. M. Clark et al. (2002a:
appendix 2.2, character 13); J. A. Clarke (2002);
Maryanska et al. (2002: appendix 1, characters 58
[typus rostralis], and 56 and 69 [situs articularis]; G.
Mayr (2002a: appendix 1, character 1), with respect
to Caprimulgiformes; Vickers-Rich et al. (2002),
concerning Avimimus; Xu (2002: suite I, character
30; suite II, character 66); Xu et al. (2002a: supple-
ment, characters 10-12), respectively orientation,
prominence, and solidity; Xu et al. (2002b); Zhou
and Zhang (2002: appendix III, character 19 [forma
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caudalis processi, citing os basisphenoidale], 20 [ty-
pus rostralis], 21-22 [articulatio]); G. Mayr (2003a:
appendix I, character 13); G. Mayr (2003b: appendix
I, character 5); G. Mayr and Clarke (2003: appendix
A, characters 23-24); Dyke and van Tuinen (2004:
appendix 1, character 16); G. Mayr (2004a: appendix
1, characters 12-13); G. Mayr (2004b: appendix 1,
character 12); G. Mayr and Ericson (2004: appendix
I, character 15); Hwang et al. (2004: supplement,
character 13); Xu and Norell (2004: supplement,
character 13); Ji et al. (2005: supplement, part I,
character 19); G. Mayr (2005b: appendix A, charac-
ter 1).

0109. Processus basipterygoideus, situs relative to
axis majoris ossis pterygoidei (ordered):

a. caudal one-third; b. middle one-third;

¢. rostral one-third;

d. extremely rostral, approximately at terminus
rostralis pterygoidei.

Note.—Position of processus primary rationale
for discounted view that comparatively rostral pro-
cessus basipterygoideus of Galloanseres is not ho-
mologous to those of other Neornithes (see above).
See: J. A. Clarke (2004: appendix 1, character 21); Ji
et al. (2005: supplement, part I, character 21).

0110. Processus basipterygoideus, separation of
processes by incisura from margo caudoventralis su-
turae exoccipto-parasphenoidalis et synchondrosis
basispheno-parasphenoidalis, status:

a. absent; b. present.

Note.—Evidently refers to the external topogra-
phy of synchondrosis basispheno-opisthotico-
exoccipitalis (new term) and associated elemental
composition of processes, at least among Aves. Bi-
lateral tuberculae at the rostrolateral vertices of os
basisphenoidale, composed of os basisphenoidale
alone, are enclosed during development by os para-
sphenoidale, lamina parasphenoidalis, a trend re-
flected in definitive states (Pycraft 1902; Saiff 1974;
Witmer 1990).

See: Sereno and Novas (1992: appendix, character
9); Sereno et al. (1994: footnote 12); Sereno et al.
(1996: footnote 45, character 44); J. D. Harris (1998:
appendix 2, character 25); Azuma and Currie (2000:
appendix 1, character 11); Currie and Carpenter
(2000: appendix 1, character 24); Holtz (2000 [1998]:
appendix I, characters 96 and 99).

0111. Processus basipterygoideus, basis processi,
forma:

a. subsessile; b. pedicellate.

Note.—See (many confounded with concavitas fa-
ciei articularis): Livezey (1986: appendix 1, character
20); Andors (1992: table 2, character 13); Livezey
(1997a: appendix 1, character 7; corrigenda, Livezey
1998a); Sues (1997); Makovicky and Sues (1998);
J. A. Clarke (2002: appendix I, character 20);

Maryanska et al. (2002: appendix 1, character 58), in
reference to basal Theropoda through avialians;
Vickers-Rich et al. (2002), concerning Avimimus; Xu
(2002: suite II, character 241); Zhou and Zhang
(2002: appendix III, character 23), regarding Jeho-
lornis; G. Mayr and Clarke (2003: appendix A, char-
acter 24); Rauhut (2003: character 58); J. A. Clarke
(2004: appendix 1, character 20); G. Mayr (2004a:
appendix 1, character 13); Ji et al. (2005: supplement,
part I, character 20).

0112. Processus basipterygoideus, principal orien-
tation with respect to rostrum parasphenoidale,
forma:

a. rostroventral;

¢. ventrolateral.

Note.—See: Norell et al. (2001: appendix 1, char-
acter 20); J. M. Clark et al. (2002a: appendix 2.2,
character 12); Vickers-Rich et al. (2002), concerning
Avimimus; Xu (2002: suite II, character 65); J. A.
Clarke (2004: appendix 1, character 22); Hwang et al.
(2004: supplement, character 12); Xu and Norell
(2004: supplement, character 12); Ji et al. (2005:
supplement, part I, character 22).

b. lateroventral;

0113. Processus basipterygoideus, facies articu-
laris pterygobasipterygoideus, primary dorsoventral
component of orientation of planum faciei, forma:

a. ventrolateral,; b. dorsolateral.

See: J. A. Clarke (2004: appendix 1, character 22).

0114. Processus basipterygoideus, corpus processi,
forma interna:

a. solid; b. hollow.

Note.—See: Norell et al. (2001: appendix 1, char-
acter 22); J. M. Clark et al. (2002a: appendix 2.2,
character 14); Xu (2002: suite II, character 67);
Hwang et al. (2004: supplement, character 14); Xu
and Norell (2004: supplement, character 14).

0115. Processus basipterygoideus, recessus dorso-
lateralis processi basipterygoidei (new term), status
definitivum:

a. absent; b. present.

Note.—See: Norell et al. (2001: appendix 1, char-
acter 16); J. M. Clark et al. (2002a: appendix 2.2,
character 15); Vickers-Rich et al. (2002), for Avimi-
mus; Xu (2002: suite II, character 241); Xu et al.
(2002a: supplement, character 186); Hwang et al.
(2004: supplement, character 15); Xu and Norell
(2004: supplement, character 15).

Lamina parasphenoidalis (basisphenoidalis)

0116. Os parasphenoidale, lamina parasphenoida-
lis (basisphenoidalis), rostral portion extensive and
completely free of overlying bone (presumed to be
os basisphenoidale), and underlying a dorsal spa-
tium, status:

a. absent; b. present.
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Note.—See: Payne and Risley (1976: character
13), regarding status of “basitemporal ridge” of Ar-
deidae.

0117. Os parasphenoidale, lamina parasphenoida-
lis (basisphenoidalis), forma:

a. flat, laminar, and neither distinctly pneumatic
nor broad;

b. rounded, “inflated,” and broad.

Note.—See: Cracraft (1988); Ericson (1996);
Cracraft and Clarke (2001: appendix 2, character 34);
Dyke et al. (2003: appendix 1, character 7). Another
feature in this region, averred to be interdependent
from the present character by Ericson (1996), but
considered distinct by Cracraft (1988), is a depressio
with enclosed foramina neurovascularia (Cracraft
and Clarke 2001: appendix 2, character 35); G. Mayr
(2004a: appendix 1, character 16); G. Mayr (2004b:
appendix 1, character 15); Bourdon et al. (2005: ap-
pendix 1, character 25).

0118. Os parasphenoidale, lamina parasphenoida-
lis, ala parasphenoidalis, continuity as broad, slightly
concave, sloping planum with os exoccipitale, pro-
cessus paroccipitalis, and demarcated medially by
conspicuous carina from lamina basiparasphenoida-
lis, status:

a. absent; b. present.

Note.—See: D. W. Thompson (1899).

0119. Os parasphenoidale, lamina parasphenoida-
lis, ala parasphenoidalis (“os aliparasphenoidale”),
covering recessus tympanicus rostralis, status:

a. absent; b. present.

Note.—See: Chatterjee (1991: character 13), but
excluded by Chatterjee (1999: entry 11); Chiappe
(1999); Cracraft and Clarke (2001: appendix 2, char-
acter 13), in terms of “ala parasphenoidalis is in-
flated by the rostral tympanic diverticulum” and
credited to revision of Cracraft (1986) by Witmer
(1990: 372, characters 7 and 17).

0120. Os parasphenoidale, ala parasphenoidalis,
fossa parabasalis, crista fossae parabasalis, status et
forma (ordered):

a. absent, resulting in hiatus subtympanicus;

b. present, pons incomplete or fibriform;

c¢. present, pons comparatively robust but not cris-
tate or lateromedially compressed;

d. present, prominent, lateromedially compressed
crista.

Note.—May include components of os exoccipi-
tale. See: Elzanowski (1991: table 3), Elzanowski and
Galton (1991: character 6), and Elzanowski (1995:
character Nb’1), with respect to “spheno-occipital ju-
gamentum”; Livezey (1997a: appendix 1, character 2;
corrigenda, Livezey 1998a); Chu (1998: appendix 1,
character 6), regarding larids; Hughes (2000: appen-
dix 2, character 36), in reference to “barlike process

NO. 37

between ostium canalis carotici and lamina basi-
parasphenoidalis”; Dyke (2001b: appendix 1, charac-
ter 2).

0121. Os parasphenoidale, processus lateralis
parasphenoidalis, anulus tympanicus, status:

a. absent; b. present.

Note.—This circular osseus enclosure of meatus
acusticus externa (lateral view), which includes
dense, moderate, lateral extension of os parasphe-
noidale, is not considered homologous with osseus
enclosures of meatus in other Neornithes (e.g., Stri-
giformes, Caprimulgiformes). See: Livezey (1997a:
appendix 1, character 4; corrigenda, Livezey 1998a).

0122. Os parasphenoidale, lamina parasphenoida-
lis, ala parasphenoidalis, processus lateralis para-
sphenoidalis, status et forma (ordered):

a. obsolete; b. moderately developed;

¢. prominent;

x. noncomparable (Caprimulgiformes exclusive of
Steatornithidae).

Note.—Involved in lateral of two tuberculae basi-
lares et articulationes mandibulosphenoidales—
termed “lateral basitemporal process” by Bock
(1960b)—typically positioned at terminus rostralis
pontis aut jugamentae. See: S. F. Simpson and
Cracraft (1981: character 15), regarding reduction or
loss of “basitemporal processes” in “Picoidea”;
Strauch (1985: character 4), for assessment of Alci-
dae; Chu (1998: appendix 1, character 17), for larids;
Livezey (1998b: appendix A, character 77), regard-
ing Gruiformes; Bourdon et al. (2005: appendix 1,
characters 25-26).

0123. Os parasphenoidale, lamina parasphenoida-
lis, tuberculum basilare, processus medialis para-
sphenoidalis, status:

a. absent or obsolete; b. present, distinct.

Note.—Apparently involved in medial of two pos-
sible articulationes mandibulosphenoidales—termed
“medial basitemporal process” by Bock (1960b)—
contra implication of nomenclatural list by Baumel
and Witmer (1993). Tuberculum basilare, typically
derived from os basioccipitale et/aut basisphenoidae,
may correspond instead with crista transversa basi-
laris. See: K. Lee et al. (1997: appendix 1, character
56); Livezey (1998b: appendix A, character 78);
Hughes (2000: appendix 2, character 43); G. Mayr
and Clarke (2003: appendix A, character 30), with
whom we differed regarding taxonomic assignments;
Dyke and van Tuinen (2004: appendix 1, character
18); G. Mayr (2004a: appendix 1, character 18), who
included Procellaridae and Oceanitidae as apomor-
phic.

0124. Os parasphenoidale, lamina parasphenoida-
lis, canalis caroticus cranialis, ossification caudal to
lateral divergence of ramus palatinus and arteria
sphenoidea, forma (ordered):
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a. complete, canalis forming entire, osseus tuba;

b. incomplete, canalis forming irregularly ossified,
partly open tuba;

c. lacking, canalis not indicated by ossified re-
mains in this portion.

Note.—If “canalis” restricted to ossified struc-
tures, state “c” reverts to “absent.” See: Saiff (1974,
1976, 1978, 1988); Chu (1998: appendix 1, character
16); Bourdon et al. (2005: appendix 1, characters 33—
34).

0125. Os parasphenoidale, lamina parasphenoida-
lis, foramen(ina) aut sulcoid ostium for arteria sphe-
noidea, rami palatinus et sphenomaxillaris, numerus
modalis:

a. two distinct foramina;

b. one distinct foramen;

c. one elongate sulcus, enclosing ostia efferens
caudalis et afferens rostralis for arteria carotis cere-
bralis;

x. noncomparable (Diomedea, Fregata, Scopus,
Sula).

Note.—Nomina (Baumel et al. 1993) evidently
considers this opening or openings under singular
term “foramen orbitale” (p. 427). Rostrum para-
sphenoidale, canalis orbitalis transmits ramus caro-
tis, arteria sphenoidea.

0126. Os parasphenoidale, tuba auditiva (pharyn-
gotympanica) communis, facies rostroventralis,
forma definitivum (ordered):

a. ostia widely separated and poorly delimited,
completely membranous (open for entire length in
fossils or prepared neoskeletal specimens);

b. ostia moderately separated, canalis enclosed,
completely osseous;

c. ostia closely approach axis medialis cranii,
partly membranous or wholly osseous.

Note.—Bilateral tubae converge mediorostrad
from ostia tympanica along margines rostrolaterales
of lamina parasphenoidalis to form tuba communis
and ostium pharyngeale at vertex of basis rostri
parasphenoidalis. Evidently also equivalent to “na-
ked, canal, or tunnel” formation of “eustachian
tube” of Saiff (1988: table 1), compiled largely from
previous ordinal studies (Saiff 1974, 1976, 1978, 1981,
1982, 1983, 1988).

See: H. J. Miiller (1961a), regarding ontogeny of
ratites; Cracraft (1974); Harrison and Walker
(19760b, pl. i, fig. b); Cracraft (1985: character 15);
Cracraft (1986: appendix, characters 56-58); Cracraft
(1988: series 1V, character 4; series V, character 7;
series VI, character 7); Siegel-Causey (1988: charac-
ter 25); Cracraft and Mindell (1989: table 1, charac-
ter 4); Elzanowski (1995: character Nb’3); Siegel-
Causey (1997: table I, character 7), in reference to
“bony eustachian tubes”; Rotthowe and Starck
(1998: appendix, characters 5 and 12); J. A. Clarke
and Chiappe (2001: character 59); Cracraft and

Clarke (2001: appendix 2, characters 11-12); Norell
and Clarke (2001: appendix I, characters 27-28),
proximity of ostia and ossification, respectively, of
“eustachian tubes”; J. A. Clarke (2002: characters
27-28); J. A. Clarke and Norell (2002: appendix 2,
characters 27-28); Zhou and Zhang (2002: appendix
ITI, characters 27 [number and orientation] and 28
[ossification]); G. Mayr and Clarke (2003: appendix
A, characters 28-29), treating ossification and os-
tium(a) medialis(es) for tubae bilaterales, respec-
tively; J. A. Clarke (2004: appendix 1, characters 27—
28); Dyke and van Tuinen (2004: appendix 1, char-
acter 17); Bourdon et al. (2005: appendix 1, character
27); Ji et al. (2005: supplement, part I, characters
27-28).

0127. Os parasphenoidale, tuba auditiva, ostium
tympanicum, lateral delimitation by depressio sub-
ostium auditivum (new term), status:

a. absent; b. present.

Note.—See: Makovicky and Sues (1998: appendix
1, character 16); Holtz (2000 [1998]: appendix I,
character 89); Xu et al. (2002a: supplement, charac-
ter 5); G. Mayr (2004a: appendix 1, character 17).

Processus paroccipitalis

Note.—Processus paroccipitalis—synonymous
with processus paroticus, ala post-tympanica, proces-
sus occipitalis lateralis, processus opithoticus, and
processus exoccipitalis—is a complexus comprising
three otic elements—ossa opisthoticum (medially),
metoticum (laterally), and exoccipitale (caudolater-
ally)—with variable contributions from os parasphe-
noidale.

0128. Processus paroccipitalis, extension processi
into variably complete enclosure of caudal, lateral,
and/or ventral aspects of meatus acusticus externus,
so as to typically obscure os quadratum dorsal to
processus mandibularis (caudal perspective), status
et forma (unordered):

a. absent, or at most represented by narrow ven-
trolateral rimming;

b. present, a variably extensive cubiculum, attain-
ing an extreme level of rostral development in Cya-
noramphus wherein the lamina reaches the proces-
sus zygomaticus;

c. present, a bilobate, rostrally concave lamina;

d. present, a rounded, rostrally concave lamina
including a laterally broad, ventral floor that is entire
or encloses narrow incisura;

e. present, an angular, rostrally concave lamina, in
extreme cases including narrow, ventral union with
cranium and forming lateromedially compressed
capsula;

X. noncomparable by position of processus oticus
quadrati (Pelecaniformes, Balaeniceps).
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Note.—Evidently derived from elaborations of os
exoccipitale; lesser contributions of ossa opisthotica
(medially), metotica (laterally), and possibly para-
sphenoidale (ventrally) and os squamosum (dor-
sally). Caudal, dorsal, and ventral components of the
enclosures may correspond ontogenetically to the
alae caudalis, dorsalis, et ventralis of ala tympanica.

See: D. W. Thompson (1899), regarding parrots;
Andors (1992: table 2, character 8); Livezey (1997a:
appendix 1, character 3; corrigenda, Livezey 1998a);
Livezey (1998b: appendix A, characters 83 and 88);
Hughes (2000: appendix 2, characters 31-32), regard-
ing possibly related characters; J. A. Clarke and Chi-
appe (2001: character 71); Dyke (2001b: appendix 1,
character 3); Xu et al. (2002a: supplement, charac-
ters 44-45).

0129. Processus paroccipitalis, pronounced ven-
tral enlargement and lateral broadening processi,
with margo lateralis of processus rounded or trun-
cate, forming continuous and curving with margo
dorsalis of processus zygomaticus, and defining
margo lateralis of meatus acusticus externus, status:

a. present; b. absent.

Note.—See: Rotthowe and Starck (1998: appen-
dix, character 28); G. Mayr et al. (2003: appendix 1,
character 13).

0130. Processus paroccipitalis et lamina parasphe-
noidalis, margo(ines) ventrolateralis, forma:

a. separated by incisura marginalis, facies ventra-
lis of processus paroccipitalis comparatively proxi-
mate to fossa parabasalis;

b. comparatively extensive laterocaudad and
without incisura marginalis, resulting in caudolateral
expanse of lamina between processus paroccipitalis
and fossa parabasalis and comparatively deep solum
ventralis of ostium recessi pneumatici rostralis.

Note.—Hemiprocnidae and Apodidae variably
intermediate.

0131. Processus paroccipitalis, margo dorsalis pro-
cessi, forma:

a. straight;

b. manifesting apparent rostrolateral torsion dis-
tad;

x. noncomparable (Neornithes).

Note.—See: Currie (1995); Holtz (2000 [1998]: ap-
pendix I, character 87), who delimited caudal, dorsal,
and ventral “twists”; Norell et al. (2001: appendix 1,
character 61); J. M. Clark et al. (2002a: appendix 2.2,
character 60); Vickers-Rich et al. (2002), concerning
Avimimus; Xu (2002: suite 11, character 243); Xu et
al. (2002a: supplement, character 188), who discrimi-
nated “straight” from “rostrolaterally twisting of the
dorsal margins” of the processus; Hwang et al. (2004:
supplement, character 59); Xu and Norell (2004:
supplement, character 59).
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0132. Processus paroccipitalis, terminalis processi,
forma sensu orientation (ordered):

a. laterally or dorsally inflected;

b. ventrolaterally deflected to variable, moderate
degree;

c. strongly ventrolateral, terminus entirely ventral
to foramen magnum;

d. essentially caudal.

Note.—Anhimidae, Anseranatidae, and Dromor-
nithiformes were oriented strictly diagonally to pla-
num transversum cranii, and Anseranas and Drom-
ornithiformes were also similar in laminar aspect;
Anatidae were slightly more dorsal in orientation.

See: Davids (1952); Colbert and Russell (1969); L.
P. Richards and Bock (1973); R. Johnson (1984);
Cracraft (1985: character 17); Paul (1988); Witmer
(1990); Currie and Zhao (1994a-b [1993a-b]); Currie
(1995: appendix, character 14); Livezey (1997a: ap-
pendix 1, character 8, fig. 8); Forster et al. (1998:
supplement, character 17); J. D. Harris (1998: appen-
dix 2, character 24); Xu et al. (1999b: character 15);
Azuma and Currie (2000: appendix 1, character 41);
Currie and Carpenter (2000: appendix 1, character
26); Xu et al. (2000: supplement, character 11);
Norell et al. (2001: appendix 1, character 60); J. M.
Clark et al. (2002a: appendix 2.2, character 59);
Maryanska et al. (2002: appendix 1, character 45);
Xu (2002: suite II, character 100); Currie et al. (2003:
appendix, character 13); G. Mayr (2003a: character
14); Rauhut (2003: character 52); Hwang et al. (2004:
supplement, character 58); Xu and Norell (2004:
supplement, character 58); Bourdon et al. (2005: ap-
pendix 1, character 21).

0133. Processus paroccipitalis, basis processi,
margo ventralis, situs dorsoventralis relative to con-
dylus occipitalis:

a. dorsal or parallel to margo dorsalis condylae;

b. ventral or parallel to midpoint condylae.

Note.—See: Rauhut (2003: character 54).

0134. Processus paroccipitalis, caudal elongation
and prominent lateromedial compression and termi-
nus distalis processi, status et forma (unordered):

a. neither present;

b. both present, without distinct lateral orienta-
tion;

c. both present, with distinct lateral orientation.

Note.—See: Cracraft (1985: character 17); Bour-
don et al. (2005: appendix 1, character 22).

0135. Processus paroccipitalis, terminus distalis,
margines dorsalis et ventralis, forma:

a. elongate, margines approximately parallel;

b. truncate, margines broadly separated, terminus
convex.

Note.—See: Bakker et al. (1988); Holtz (1994a:
appendix 1, character 68); K. Lee et al. (1997: ap-
pendix 1, character 53); Makovicky and Sues (1998:
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appendix 1, character 19); Norell et al. (2000: appen-
dix 1, character 18); Norell et al. (2001: appendix 1,
character 59); J. M. Clark et al. (2002a: appendix 2.2,
character 58); Xu (2002: suite II, character 99);
Hwang et al. (2004: supplement, character 57); Xu
and Norell (2004: supplement, character 57).

0136. Pneumaticitas processi (e.g., foramina pneu-
matica), status:

a. absent, processus with “solid” basis;

b. present, processus with “hollow” basis.

Note.—See (including references to “periotic
pneumatophores”): Bakker et al. (1988); Holtz
(1994a: appendix 1, character 116); Currie (1995: ap-
pendix, character 15); Sues (1997: appendix 1, char-
acter 14); Xu et al. (1999a: character 19); Xu et al.
(1999b: character 93); Azuma and Currie (2000: ap-
pendix 1, character 40), in which pneumatization of
“paroccipital process” attributed to ossa exoccipitale
et opisthoticum; Holtz (2000 [1998]: appendix I,
character 86); Norell et al. (2000: appendix 1, char-
acter 19), “posterior tympanic recess invad[ing] body
of paroccipital process”; Xu et al. (2000: supplement,
character 73); Maryanska et al. (2002: appendix 1,
character 46); Currie et al. (2003: appendix, charac-
ter 2); Rauhut (2003: character 53).

Os Squamosum

0137. Recessus pneumaticus squamosi (Witmer
1997), status:

a. absent; b. present.

Note.—See: Holtz (2000 [1998]: appendix I, char-
acter 55), regarding “squamosal recess”; Maryanska
et al. (2002: appendix 1, character 32); Brochu
(2003).

0138. Cotyla quadratica squamosi, facies (margo)
ventralis (lateral perspective), situs dorsoventralis
relative to rostrum maxillae:

a. essentially level; b. projects well ventrad.

Note.—See: Holtz (2000 [1998]: appendix I, char-
acter 69).

0139. Cotyla quadratica squamosi, lamina caudo-
lateralis cotylae (new term), status:

a. absent; b. present.

Note.—See: Sereno and Novas (1992: appendix,
character 13); Sereno et al. (1993: legend for fig. 3a);
Novas (1994 [1993]: appendix, character 12); Holtz
(2000 [1998]: appendix I, character 56), in reference
to “squamosal flange covering quadrate head in lat-
eral view”; Xu et al. (2002a: supplement, character
172), also with respect to “posterolateral shelf on
squamosal overhanging quadrate head.”

0140. Fossa musculorum temporalium, fenestra
craniolateralis (lateralis) temporalis (new term), de-
limitation dorsally by os squamosum, ventrally by os

quadratojugale, and margo caudalis by fenestra lat-
erotemporalis, forma (ordered):

a. fenestra unconstricted dorsally;

b. fenestra profoundly constricted dorsally, “key-
hole-shaped” aspect;

c. fenestra constricted subdorsally, presumably by
0s squamosum.

Note.—See: Holtz (1994b: appendix 7.1, character
4); Currie and Carpenter (2000: appendix 1, charac-
ter 4); Holtz (2000 [1998]: appendix I, character 57).

0141. Fossa musculorum temporalium, fenestra
infratemporalis (new term), status et forma (or-
dered):

a. present, large, a true fenestra;

b. rudimentary or vestigial, a foramen or porus;

c. absent.

Note.—See: Sereno and Novas (1992: appendix,
characters 6 and 14); Sereno and Novas (1992: ap-
pendix, character 7), regarding “taper” and “excava-
tion” of facies lateralis of pars ventralis squamosi
(new term), possibly related to constriction of fenes-
tra temporalis; Sereno et al. (1993: legend for fig. 3a);
Holtz (1994a: appendix 1, character 15), with respect
to the “infratemporal fenestra”; Novas (1994 [1993]:
appendix, character 11), in reference to caudal of
two fenestrae temporales of Diapsida, pars cranialis
being fenestra craniolateralis temporalis, citing
“post-temporal perforation”; Holtz (2000 [1998]: ap-
pendix I, character 62); Maryanska et al. (2002: ap-
pendix 1, character 30), relative to form and position
of “infratemporal fenestra”; G. Mayr and Ericson
(2004: appendix I, character 16).

0142. Processus postorbitalis squamosi, involve-
ment in delimitation of fenestra infratemporalis, pars
dorsalis, status:

a. present; b. absent;

x. noncomparable by absence of fenestra (Neor-
nithes).

Note.—Sece: Maryanska et al. (2002: appendix 1,
character 31).

0143. Processus suprameaticus, status:

a. absent as distinct processus, in most or all cases
the homologous bone evidently continuous as margo
rostralis of meatus acusticus externus;

b. present as variably prominent processus, dis-
tinctly smaller than processus postorbitalis.

Note.—See: Chu (1998: appendix 1, character 18);
Livezey (1998b: appendix A, character 81).

0144. Processus zygomaticus, angulus relative to
processus oticus quadrati:

a. parallel; b. perpendicular.

Note.—See: Cracraft (1988: series V, character 3);
Houde (1988: table 27, character 13); Cracraft and
Mindell (1989: table 1, character 14); Cracraft and
Clarke (2001: appendix 2, character 10); Norell et al.
(2001: appendix 1, character 50); J. M. Clark et al.
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(2002a: appendix 2.2, character 49); Xu (2002: suite
11, character 92); Xu et al. (2002a: supplement, char-
acter 37); Hwang et al. (2004: supplement, character
48); Xu and Norell (2004: supplement, character 48).

0145. Margo ventralis squamosi—comprising
lamina supra-zygomatica (new term) et processus zy-
gomaticus—elongation, dorsoventral depth, and
concealment (lateral perspective) of processus oticus
quadrati, status:

a. absent, margo ventralis of os squamosum trun-
cate and narrow, not obscuring os quadratum;

b. present, margo ventralis of os squamosum elon-
gate and broad, obscuring os quadratum.

Note.—Assessed with os quadratum in articula-
tion with pila otica (Kesteven 1942). See: Harrison
and Walker (1976a: pl. i, fig. 2); Cracraft (1985: char-
acter 48); Elzanowski and Galton (1991: figs. 4D and
7B); Hughes (2000: appendix 2, characters 7-8), re-
garding variation in shape and concealment within
Cuculiformes; Chiappe (2001a: appendix 1, character
12); Norell and Clarke (2001: appendix I, character
29), treated similarly by J. A. Clarke (2002: appendix
I, character 29), J. A. Clarke and Norell (2002: ap-
pendix 2, character 29), and J. A. Clarke (2004: ap-
pendix 1, character 29); Norell et al. (2001: appendix
1, character 51); J. M. Clark et al. (2002a: appendix
2.2, character 51), terming this feature “posterolat-
eral shelf on squamosal”; Xu (2002: suite II, charac-
ter 227); Zhou and Zhang (2002: appendix III, char-
acter 29); Hwang et al. (2004: supplement, character
50); Makovicky and Norell (2004: character 213); Xu
and Norell (2004: supplement, characters 50 and
213); Bourdon et al. (2005: appendix 1, characters
14-16); Ji et al. (2005: supplement, part I, character
29).

0146. Processus zygomaticus, status et forma (or-
dered):

a. present, long and stout, in some taxa associated
with ventral lamina;

b. present, short, typically longer than processus
suprameaticus, blunt or acuminate;

c. present, short and pointed, nearly identical in
size and shape to processus suprameaticus;

d. obsolete or absent, although often associated
with tendo ossificans;

x. noncomparable (Pelecaniformes, Ardeidae,
Nyctibius, Aegotheles, Caprimulgidae).

Note.—See: Cracraft (1986: appendix, character
47); Siegel-Causey (1988: character 6); Cracraft and
Mindell (1989: table 1, character 14); Chatterjee
(1991: character 14); Livezey (1998b: appendix A,
character 82), reassessment by Zusi and Livezey
(2000); Hughes (2000: appendix 2, characters 6 and
8), the latter comparing foramen suprameaticus with
length of processus postorbitalis; Norell and Clarke
(2001: appendix I, character 29), treated similarly by
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J. A. Clarke (2002: appendix I, character 29), J. A.
Clarke and Norell (2002: appendix 2, character 29);
Chiappe (2002: appendix 20.2, character 12); G.
Mayr and Clarke (2003: appendix A, character 33);
Dyke and van Tuinen (2004: appendix 1, character
21).

0147. Processus zygomaticus, crista ventralis (new
term), pronounced dorsolateral orientation and tu-
berculate shape—“pinnaform” aspect relative to cra-
nium—status:

a. absent; b. present;

x. noncomparable (Dromornithidae).

Cotylae quadratica squamosi et otici

0148. Cotylae within planum of lamina basipara-
sphenoidalis, positions as measured by lesser angulus
rostralis defined by axis passing through two cotylae
relative to axis medialis (ordered):

a. axis nearly parallel, angulus less than 20°;

b. axis obliquely oriented, angulus 20-75°;

c. axis approaching perpendicularity, angulus 75—
90°.

Note.—Basal polarity inferred a priori to be state
“b.” See: Xu et al. (2002a: supplement, character 40),
with respect to inclination of element and resultant
relative positions of extremities.

0149. Cotylae within planum normal to that of
lamina basiparasphenoidalis, positions as measured
by lateral (lesser) angulus defined by axis passing
through centers of two cotylae relative to planum
laminae basiparasphenoidalis:

a. axis obliquely oriented—i.e., having significant
dorsal component in rostrocaudal perspective—
angulus > 20°;

b. axis nearly parallel—i.e., transverse in rostro-
caudal perspective—angulus = 20°.

0150. Cotylae, numerus modalis et forma (or-
dered):

a. single cotyla apparent, oblong conformation
suggesting that facet represents confluence of two
cotylae;

b. two cotylae apparent, adjacent or juxtaposed,
distance between centers of cotylae less than one-
fourth of the maximal distance between the outer
margins of the cotylae;

c. two cotylae apparent, moderately separated,
distance between centers of cotylae between one-
fourth and one-half of the maximal distance between
the outer margins of the cotylae;

d. two cotylae apparent, well separated, distance
between centers of cotylae greater than one-half of
the maximal distance between the outer margins of
the cotylae.
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0151. Facies externa ossis, caudolateral to cotyla
quadratica squamosi, status et forma:

a. absent;

b. present, limitus dorsalis not marked by sulcus
muscularis;

c. present, comparatively limited, limitus dorsalis
marked by open sulcus muscularis;

d. present, comparatively extensive, limitus dor-
salis marked by canaliculus sulcus muscularis.

Note.—In some taxa, area corresponds to os squa-
mosum caudolateral to cotyla quadratica squamosi.

Ossa Cranii, 11

Note—Ossa opisthoticum, prodticum, et metoti-
cum of Neornithes unite early in ontogeny by syn-
ostosis, rendering individuation practically impos-
sible in virtually all modern taxa (de Beer and Bar-
rington 1934; Jollie 1957; Sandoval 1964; Toerien
1971; Hogg 1978; Zusi 1993). However, it is clear
that these elements participate in a number of basi-
cranial structures, including the recessus tympanicus,
cavum tympanicum, processus paroccipitalis, and fo-
ramen magnum. Practically impossible to assess are
synchondroses exoccipito-prodtica et prodtico-
supraoccipitalis, among the first to close during on-
togeny.

Os metoticum is a neomorph distinguishable in
embryos of birds and perhaps other Archosauria (de
Beer and Barrington 1934: 84; Baumel and Witmer
1993: 84). Status of foramina or canalicula neurovas-
cularia in os metoticum—considered by Saiff (1988:
table 1) to pertain to “vascular notches or canal in
metotic process”—Chatterjee (1991: character 1),
Siegel-Causey (1997: table I, character 1), Chatterjee
(1999: entry 9), and Norell et al. (2000: appendix 1,
character 13)—was deemed unreliable.

Os Prooticum

0152. Os prodticum, ala rostroventralis (new
term), status:

a. present; b. absent.

Note.—See: Elzanowski and Wellnhofer (1996).

0153. Os proodticum, fossa ganglii trigemini, fora-
men n. trigeminus et canalis n. maxillomandibularis
ossis prodtici, situs relative to ossa laterosphenoi-
dale, parasphenoidale, et prodticum:

a. canalis enclosed within os prodticum;

b. canalis enclosed principally or wholly by ossa
laterosphenoidale et parasphenoidale.

Note.—See: Elzanowski and Wellnhofer (1996:
84-86); Coria and Currie (2002: appendix 1, charac-
ter 2).

Pila et cotyla quadratica otici

0154. Cotyla quadratica otici, foramen pneumati-
cum magnum, status:
a. absent; b. present.

0155. Cotyla quadratica otici, jugamentum ossifi-
cans from margo caudolateralis cotylae quadratica
squamosi along crista tympanica quadrati to ala
parasphenoidalis, status:

a. absent;

b. present, ranging from incomplete jugamentum
or series of ossa sesamoidea to a complete arcus os-
seus.

Note.—BMNH specimen of Phodilus was evi-
dently damaged (perforated) on one side, and pos-
sessed vestigium tendinosum on the other.

0156. Pila otica (pars proética), status et forma
(ordered):

a. absent, cotyla quadratica otici sessile;

b. rudimentary, separation of cotyla quadratica
otici from facies evident, at least the lateral portion
of facies articularis diverges from the planum of the
subtending facies of the meatus acusticus externus,
but columnar support comparatively small;

c. pedicillate, separation of cotyla quadratica otici
from wall marked, at least the lateral portion of fa-
cies articularis diverges from the planum of the sub-
tending wall of the meatus acusticus externus, and
columnar support comparatively substantial.

Note.—See: Elzanowski (1995); J. A. Clarke
(2004: fig. 21). Possible variation in contributions of
incorporated otic elements must await examination
of juvenile specimens. Juvenile, disarticulated skull
of Rhea indicates that capitulum oticum of processus
oticus quadrati articulates with both os opisthoticum
and os prooticum, and the marginally distinct capit-
ulum squamosum primarily articulates with the same
bones but with a lateral bracing from os squamosum.

Canales semicirculares otici

0157. Canalis semicircularis posterior within semi-
circular area enclosed by canalis semicircularis ante-
rior, position, and (associated) forma fossae auricu-
lae cerebelli (ordered):

a. caudal, fossa typically circular;

b. central, fossa typically narrow-elliptical;

c. rostral, fossa typically slitlike.

Note.—Caudoventral segment of canalis semicir-
cularis anterior comparatively rounded in states “b”
and “c.”

0158. Canalis semicircularis anterior, dorsal seg-
ment exposed in ventral surface of fossa cranii ros-
tralis, status:

a. absent; b. present.
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Note.—This canalis is typically restricted to crista
tentorialis, fossa tecti mesencephali, and crista mar-
ginalis tecti caudalis; variation in the latter region
proved intractable for coding because of confounded
variation in the prominence and relative positions of
all landmarks.

0159. Canalis semicircularis anterior, caudodorsal
extent relative to foramen magnum:

a. dorsolateral, canales well separated bilaterally;

b. essentially dorsal, canales closely approaching
each other on midline and typically projecting com-
paratively prominently into calvaria.

Note.—State of Pitta hyper-apomorphic.

0160. Canalis semicircularis lateralis, exposure in
solum ventralis fossae cranii rostralis (new term),
status:

a. absent;

b. present, moderately prominent.

Os Parietale

Note.—Several characters relevant to Ornithis-
chia were excluded, notably lobus supra-occipitalis
(new term) and lamina parietales (new term) of ossa
parietales (Coria and Currie 2002: appendix 1, char-
acters 10 and 14).

0161. Os parietale, crista (linea) nuchalis trans-
versa, lateral position to extend dorsad to ossa pari-
etales, status et forma:

a. absent or negligible;

b. significant, overlap dorsal to os parietale sig-
nificant.

Note.—See: J. M. Clark et al. (1994); Holtz (2000
[1998]), regarding purported involvement of ossa su-
praoccipitales; Coria and Currie (2002: appendix 1,
character 11), regarding height among Tyrannosau-
ridae; Xu (2002: suite I, character 28).

0162. Os parietale, fenestrae supratemporales,
forma sensu bilateral confluence et relationship to
crista (linea) nuchalis sagittalis (unordered):

a. separated by lamina horizontalis of ossa pari-
etales;

b. confluent caudally but separated rostrally by
caudally tapering, triangular eminentiae parietales;

c. confluent broadly over ossa parietales, latter
forming crista (linea) nuchalis sagittalis.

Note.—See: Molnar et al. (1990); Holtz (2000
[1998]: appendix I, character 43); Rauhut (2003:
character 43); Makovicky and Norell (2004: charac-
ter 216) and Xu and Norell (2004: supplement, char-
acter 216), regarding conformation of os squamosal
with respect to fenestra/fossa supratemporalis.

0163. Os parietale, facies externa, processus ros-
tralis extending between margines mediales of ossa
frontales, status:

NO. 37

a. absent, sutura frontoparietale linearly trans-
verse;

b. present, sutura frontoparietale includes invagi-
nation between ossa frontales caused by rostral ex-
tension of ossa parietales;

x. noncomparable by indiscernable suturae (Car-
notaurus).

Note.—See: Gauthier (1986: 14, unindexed syn-
apomorphy of Aves); Currie (1987); Holtz (1994a:
appendix 1, character 38); Azuma and Currie (2000:
appendix 1, character 54); Holtz (2000 [1998]: appen-
dix I, character 42).

0164. Os parietale, facies externa, regiones caudo-
mediales, eminentia medialis (new term), status:

a. absent;

b. present, a mediodorsal, subcristulate eminence
having width no greater than rostrocaudal length.

Note.—See: Bonaparte (1991); Holtz (1994a: ap-
pendix 1, character 14); Rauhut (2003: character 42).

Os Prefrontale

0165. Os prefrontale, facies dorsalis, status et
forma (ordered):

a. present, preorbital (laterodorsal) exposure sub-
stantial to extent at least that of os lacrimale, with
processus ventralis;

b. present, greatly reduced or vestigial in preor-
bital expanse and processus ventralis;

c. absent or indiscernable.

Note.—A point of nomenclatural confusion for
some time (H. J. Miiller 1963), os prefrontale is dis-
tinct from os lacrimale, only the latter being retained
by Neornithes (Baumel and Witmer 1993: annota-
tion 110). See: Currie (1985); Gauthier (1986: text
character 68); Houde (1988: table 27, character 19);
Benton (1990b: 24), in which “prefrontal with a long
caudal ramus that overlaps the frontal” was listed as
synapomorphic for Ornithischia; Chatterjee (1991:
character 5); J. M. Clark et al. (1994); Holtz (1994a:
appendix 1, character 37); Holtz (1994b: appendix
7.1, character 5); Novas (1994 [1993]: appendix, char-
acter 10); Russell and Dong (1994a [1993a]: table 2,
character 5); Russell and Dong (1994b [1993b]: list
B, character 1); Benton (1997); Sues (1997: appendix
1, character 11); Forster et al. (1998: supplement,
character 8); J. D. Harris (1998: appendix 2, charac-
ter 5); Makovicky and Sues (1998: appendix 1, char-
acter 11); Chatterjee (1999: appendix II, character 1,
modified); Sereno (1999: character 139); Xu et al.
(1999a: character 9, modified); Xu et al. (1999b:
character 8); Currie and Carpenter (2000: appendix
1, character 9); Holtz (2000 [1998]: appendix I, char-
acter 37); Norell et al. (2000: appendix 1, character
10); Xu et al. (2000: supplement, character 6); Currie
and Chen (2001: 1709), in reference to Sinosauro-
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pteryx; Norell et al. (2001: appendix 1, character 42);
J. M. Clark et al. (2002a: appendix 2.2, character 42);
Maryanska et al. (2002: appendix 1, character 21),
who distinguished “present” from “absent or fused
with the lacrimal”; Suzuki et al. (2002: character 2);
Xu (2002: suite II, character 88); Xu et al. (2002a:
supplement, character 33); Rauhut (2003: character
34); Hwang et al. (2004: supplement, character 41);
Xu and Norell (2004: supplement, character 41).

Os Frontale

0166. Os frontale, facies cerebralis, crista vallecu-
laris, vertex with crista frontalis interna, situs relative
to terminus rostralis fossae cranii rostralis:

a. essentially coincident; b. well caudal;

X. noncomparable by absent vertex (ratites,
Dromornithiformes).

Note.—Although some taxa not available with ex-
posed cranii internae, vertex confirmable through fo-
ramen magnum in most taxa. Superficially similar
condition found in Psittaciformes, but latter associ-
ated instead with enlarged fossa bulbi olfactorii.

0167. Os frontale, facies dorsalis, margo rostralis
(dorsal view), lateromedial width relative to that of
margo caudalis and conformational corollaries,
forma:

a. relatively broad, subrectangular;

b. relatively narrow, triangular.

Note.—See: Currie (1987); J. M. Clark et al.
(1994); Holtz (1994a: appendix 1, character 65); Rus-
sell and Dong (1994a [1993a]: table 2, character 7);
Forster et al. (1998: supplement, character 7); Xu et
al. (1999b: character 7); Holtz (2000 [1998]: appendix
I, character 39); Xu et al. (2000: supplement, char-
acter 5); Norell et al. (2001: appendix 1, character
43); J. M. Clark et al. (2002a: appendix 2.2, character
43, states reversed); Xu (2002: suite 11, character 89);
Xu et al. (2002a: supplement, character 34, states
reversed); Rauhut (2003: character 36); Hwang et al.
(2004: supplement, character 42); Xu and Norell
(2004: supplement, character 42); Bourdon et al.
(2005: appendix 1, character 11).

0168. Os frontale, facies dorsalis, pars (ramus)
postorbitalis (if os frontale involved), forma relative
to rima orbitalis:

a. projects laterally from os frontale, forming in-
cisura supraorbitalis (new term) in rima orbitalis;

b. does not project laterally from os frontale, rima
orbitalis proximal to os lacrimale is essentially
smooth.

Note.—See: Russell and Dong (1994a [1993a]:
table 2, character 7); Currie (1995: appendix, char-
acter 1); Sereno (1999: character 140); Holtz (2000
[1998]: appendix I, character 40); Suzuki et al. (2002:

character 3); Xu et al. (2002a: supplement, character
176, states reversed).

0169. Os frontale, facies dorsalis, bilaterally com-
pressed, marginally rounded carina ossea (new
term), status:

a. absent; b. present.

Note.—Several taxa not included in analysis pos-
sess similar carinae; and the anhimid Anhima pos-
sesses a spinous, possibly homologous variant. See:
Livezey (1986: appendix 1, characters 16-17);
Livezey (1997a: characters 11-12; corrigenda,
Livezey 1998a). Maryanska et al. (2002: appendix 1,
character 25) referred to “elongate rostromedial
process on the frontal” in basal Theropoda.

0170. Os frontale, facies dorsalis ossis—(i) enor-
mous, rostrally expansive, galea (cassis) ossea com-
posed of bilateral lamina of processes caudales ossae
nasales and (caudobasally) ossae frontales; and (if)
thick, cuneate carina dorsomedialis of ossa meseth-
moidales variably perforated by foramina pneu-
matica—status et composita ossea (unordered):

a. absent;

b. present, composed of dorsally rounded, ex-
panded ossa frontales et os mesethmoidale, with
variable, lesser contributions by ossa nasales;

¢. present, composed of variably shaped, rostro-
dorsal elaborations of os mesethmoidale and ossa
frontales et nasales, perhaps further modified by ex-
pansion of os maxillare and possibly os mesethmoi-
dale.

Note.—Several less-similar, carinalike expansions
of the ossa nasales et frontales also occur in some
waterfowl (especially males). Excellent example of
cassis in Casuarius is specimen BMNH 1956.1.1. See:
Beddard (1901c); Hofer (1955), including both ra-
tites and Gruidae; Livezey (1998b: appendix A, char-
acter 68), described bilateral eminentia frontales in
Gruidae.

0171. Os frontale, fossa supratemporalis, margo
rostralis, forma:

a. linear or slightly curvilinear;

b. strongly sinusoidal and extending to processus
postorbitalis, facies lateralis.

Note.—See: Currie (1995); Norell et al. (2001: ap-
pendix 1, character 44); J. M. Clark et al. (2002a:
appendix 2.2, character 44); Vickers-Rich et al.
(2002), concerning Avimimus; Xu (2002: suite II,
character 226); Hwang et al. (2004: supplement,
character 43); Xu and Norell (2004: supplement,
character 43).

0172. Os frontale, facies orbitalis, impressio glan-
dula nasalis, status:

a. absent; b. present.

Note.—Position of the impressio varies among
taxa with derived state. Impressiones typically ac-
companied by foramina neurovascularia that sup-
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port the glandula. See also: Technau (1936); Siegel-
Causey (1988: characters 12-15); Hesse (1990); Sie-
gel-Causey (1990); Livezey (1998b: appendix A,
character 72).

0173. Os frontale, facies orbitalis, margo supraor-
bitalis, regio medialis, ventral expansion (convexity)
acting as rima dorsalis oculae, status:

a. absent; b. present.

Note.—See: Rauhut (2003: character 37).

0174. Os frontale, facies orbitalis, margo supraor-
bitalis, variably prominent, rounded, highly pneu-
matic, hornlike processus supraocularis (new term),
status:

a. absent; b. present.

Note.—Synonymous with “fronto-orbital pro-
cess” of Shufeldt (1900a-b). This structure can be
confused with processus supraorbitalis of os lacri-
male by G. Mayr et al. (2003: appendix 1, character
5).

0175. Os frontale, facies orbitalis, margo supraor-
bitalis, prominent, lateroventrally oriented angulus
postocularis (new term), delimiting a crescentiform
lacuna rostral to processus postorbitalis, status:

a. absent; b. present;

x. noncomparable by absence of processus (Apte-
rygidae, Anhingidae, Phalacrocoracidae).

Note.—Synonymous with “processus postorbitalis
rostralis” of Barnikol (1952) and “processus postor-
bitalis” of Dullemeijer (1951a-b) and Bas (1954).

0176. Ossa frontale et lacrimale, impressio glan-
dula nasalis rostral margo caudalis ossis lacrimale,
processus supraorbitalis, status:

a. absent; b. present.

Note.—Familial variation in apomorphy, in that
derived state not in cathartid genera Vultur or Gym-
nogyps. Impressio is delimited caudally by processus
lacrimalis ossis frontale.

0177. Ossa frontale et parietale, relative lengths:

a. os frontale smaller or subequal to os parietale;

b. os frontale approximately twice as long as os
parietale.

Note.—See: J. M. Clark et al. (1994); Russell and
Dong (1994a [1993a]: table 2, character 7), which
included mention of “postorbital ramus”; Forster et
al. (1998: supplement, character 9); Xu et al. (1999b:
character 9); Holtz (2000 [1998]: appendix I, charac-
ter 40), with respect to two aspects of frontal mor-
phology; Xu et al. (2000: supplement, character 7);
Maryanska et al. (2002: appendix 1, character 26);
Vickers-Rich et al. (2002), concerning Avimimus.

Os Septomaxillare

0178. Os septomaxillare, status (ordered):
a. present; b. absent.

NO. 37

Note.—See: Romer (1956); Benton and Clark
(1988: appendix 1, character 8).

Os Postfrontale

0179. Os postfrontale, status (ordered):

a. prominent; b. reduced; ¢. absent.

Note.—See: Benton and Clark (1988: appendix 1,
character 13); Benton (1990b); Sereno and Novas
(1992: appendix, character 11).

Os Postparietale

0180. Os postparietale, status (ordered):

a. present, paired;

b. present and synostotic, perhaps asymmetrical;

c. absent.

Note.—See: Benton and Clark (1988: appendix 1,
character 9); Benton (1990b); Sereno (1991a: appen-
dix).

Os Supraorbitale

0181. Os supraorbitale, status:
a. present; b. absent.
Note.—See: Romer (1956).

Os Interparietale

0182. Os interparietale, status:
a. present; b. absent.
Note.—See: Romer (1956).

Os Intertemporale

0183. Os intertemporale, status:
a. present; b. absent.
Note.—See: Romer (1956).

Os Supratemporale

0184. Os supratemporale, status:
a. present; b. absent.
Note.—See: Romer (1956).

Os Tabulare

0185. Os tabulare, status:
a. present; b. absent.
Note.—See: Romer (1956).
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Os Epijugale

0186. Os epijugale, status:

a. present; b. absent.

Note.—See: Romer (1956). Other cranial ele-
ments possessed of variable (polymorphic) distribu-
tions among nonarchosaurian reptiles include ossa
postnasale et presphenoidale.

Os Mesethmoidale

0187. Os mesethmoidale, status definitivum os-
seum:

a. absent; b. present.

Note.—See: Chatterjee (1999: appendix II, char-
acter 22); and possibly Chatterjee (1999: appendix 11,
character 23), ossification of septum interorbitalis.

0188. Os mesethmoidale, lamina dorsalis, dorso-
medial exposure between ossa premaxillares, pro-
cesses frontales, ossa nasales, processes premaxil-
lares, and ossa frontales, status definitivum:

a. absent; b. present.

Note.—Suturae frontomesethmoidalis, meseth-
mopremaxillaris, et mesethmonasalis variably ob-
scured, especially caudally and in Apterygidae; in
virtually all Neornithes, increasingly so with age. J.
A. Clarke and Chiappe (2001: character 67) equated
rostral extension of os mesethmoidale to pars cau-
dalis of conchae nasales osseae as part of septum
interorbitale.

Os Ectethmoidale

0189. Os ectethmoidale, status et forma (or-
dered):

a. absent; b. moderately developed;

c. well developed, typically rectangular and com-
posing majority of paries antorbitalis ossificans;

X. noncomparable, involved with unique conchae
nasales (Apteryx).

Note.—Most Galliformes as well as Eurypyga
have very small ventral elements attributable to sep-
tum ectethmoidalis. Characters of os ectethmoidale
are especially problematic in part because of unusu-
ally great ontogenetic variation in ossification of this
region. We follow Baumel and Witmer (1993: 72), in
which foramina orbitonasales laterale et mediale,
and os ectethmoidale correspond to the “ventral
part” evident rostral to the oculus, whereas an asso-
ciated “dorsal part” corresponds to capsula nasi os-
seum or other ossified membrana between margo
dorsalis of os ectethmoidale and facies ventralis of os
frontale.

See: W. K. Parker (1888a), regarding develop-
ment in Apteryx; Pycraft (1902), regarding Falconi-
formes; de Kock (1955); D. Starck (1955), for

uniquely shared apomorphies of Apterygidae and
Dinornithiformes; Ligon (1967: table 1); Cracraft
(1968a); Payne and Risley (1976: characters 10-12),
regarding Ardeidae; Cracraft (1988: series VII, char-
acter 1), Siegel-Causey (1988: characters 17-19),
Cracraft and Mindell (1989: table 1, character 27),
Ericson (1996: character 1), K. Lee et al. (1997: ap-
pendix 1, character 58), regarding ratites; Livezey
(1995c¢: appendix II, character 1); Chu (1998: appen-
dix 1, characters 27-28); Livezey (1998b: appendix
A, character 65), regarding presence; Livezey
(1998b: appendix A, character 66), regarding confor-
mation; Rotthowe and Starck (1998: appendix, char-
acter 14); Hughes (2000: appendix 2, characters 15—
19); Chiappe et al. (2001), regarding Gobipteryx;
Cracraft and Clarke (2001: appendix 2, character 32);
Dyke and Gulas (2002: appendix 1, character 51);
Dyke et al. (2003: appendix 1, character 8); G. Mayr
(2003a: appendix I, character 7); G. Mayr and Clarke
(2003: appendix A, character 14); G. Mayr et al.
(2003: appendix 1, character 8); Dyke and van
Tuinen (2004: appendix 1, character 7); G. Mayr
(2004a: appendix 1, character 7); G. Mayr (2004b:
appendix 1, character 7); G. Mayr (2004d: appendix
I, character 3); G. Mayr and Ericson (2004: appendix
I, character 6, part); G. Mayr (2005a: appendix 1,
character 3).

Os Epipterygoideum

0190. Os epipterygoideum, status:

a. present; b. absent.

Note.—Prominent in some carnosaurs, this ele-
ment is slow to ossify, positioned dorsolateral to
junctura palatino-quadratus, and may contribute to
the fovea basal to processus basipterygoideus; also
referred to as os alisphenoidale by some (Romer
1956). See: J. M. Clark et al. (2002b), regarding ovi-
raptorid.

Os Lacrimale

0191. Os lacrimale, status generalis (ordered):

a. present; b. vestigial;

c. absent or indiscernable.

Note.—Homology and nomenclatural propriety
of os lacrimale vs. os prefrontale in Aves has been
the focus of perennial discussion (A. Newton 1896:
876; H. J. Miiller 1963) and recent comparative work
involving nonavian theropods (Baumel and Raikow
1993; Baumel and Witmer 1993). Some taxa consid-
ered to lack the element by Cracraft (1968b) were
found in the present study to retain a vestigium. Os
lacrimale of the “Pici” were considered by S. F.
Simpson and Cracraft (1981: character 10) to be ab-
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sent or synostotic with os ectethmoidale. Some Cha-
radriiformes and Passeriformes also show extreme
reduction.

See: Livezey (1986: appendix 1, character 10);
Livezey (1989: table 1, character 10); J. M. Clark et
al. (1994); Ericson (1997: table 1, character 5; table 2,
character 3); Livezey (1997a: appendix 1, character
13; corrigenda, Livezey 1998a); Livezey (1998b: ap-
pendix A, character 57); Rotthowe and Starck (1998:
appendix, character 38, under “prefrontal bone”); G.
Mayr et al. (2003: appendix 1, character 6), incor-
rectly as “os prefrontale.”

0192. Os lacrimale, forma lateralis (unordered):

a. subrectangular or subtriangular;

b. essentially linear or top-perpendicular (“in-
verted L-shaped”), lacking bipartite processus supra-
orbitalis or rostral extension by ramus preorbitalis of
os lacrimale (new term)—sometimes referred to as
“anterodorsal process,” rostral counterpart of ramus
supraorbitalis (new term) of processus—and ex-
posed broadly on externum cranii dorsalis;

c. symmetrically cruciate (“T-shaped”), rami dor-
sales essentially equally long or ramus preorbitalis of
processus supraorbitalis much longer than ramus su-
praorbitalis;

X. noncomparable by absence of os lacrimale or
part(s) thereof (Podargus, Aegotheles, Hemiprocne,
Glaucis, Momotus, most Coraciiformes, Pitta, some
oscine Passeriformes).

Note.—See: Berger (1960b: table 4, character 8),
contrasting Cuculidae with Musophagidae; Payne
and Risley (1976: character 7), regarding Ardeidae;
J. M. Clark et al. (1994); Currie (1995: appendix,
character 7); Makovicky and Sues (1998: appendix 1,
character 13); Xu et al. (1999b: character 86); Holtz
(2000 [1998]: appendix I, character 32); Norell et al.
(2000: appendix 1, characters 9 [general shape] and
11 [comparative length of ramus preorbitalis]); Xu et
al. (2000: supplement, character 66); Norell et al.
(2001: appendix 1, character 41); J. M. Clark et al.
(2002a: appendix 2.2, character 41); Xu (2002: suite
II, character 87); Xu et al. (2002a: supplement, char-
acter 32); Xu et al. (2002b); Rauhut (2003: characters
28 and 33), regarding inverted “L-shaped” and “T-
shaped” elements; Hwang et al. (2004: supplement,
character 40); Xu and Norell (2004: supplement,
character 40).

0193. Os lacrimale, tumulus pneumaticus (new
term), status:

a. absent; b. present, conspicuous;

X. noncomparable by absence of os lacrimale or
part(s) thereof (Podargus, Aegotheles, Hemiprocne,
Glaucis, Momotus, most Coraciiformes, Pitta, some
oscine Passeriformes).

Note.—See: Witmer (1990: 372, character 10).

NO. 37

0194. Os lacrimale, processus orbitalis—
curvatura, incisura, aut foramen ducti nasolacrima-
lis—forma:

a. rudimentary or obsolete, as weakly defined cur-
vatura medialis processi orbitalis ducti;

b. distinct, as incisura semicircularis ducti nasolac-
rimalis (typically with apices dorsal and ventral to
hiatus subforaminis) aut foramen ducti nasolacrima-
lis (latter evidently derived from incisura by ossifi-
cation of arcus lateralis ostiae ducti);

x. noncomparable by absence of os lacrimale or
part(s) thereof (Podargus, Aegotheles, Hemiprocne,
Glaucis, Momotus, most Coraciiformes, Pitta, some
oscine Passeriformes).

Note.—Foramen or incisura marks passage of
ductus nasolacrimalis (common ostium for ductus
glandulae nictitantis et lacrimalis to cavitas nasalis),
typically lateral to processus orbitalis ossis lacrimale.
Ductus nasolacrimalis evidently homologous and
virtually uniformly present among Archosauria and
perhaps Tetrapoda (de Beer 1926, 1937; Romer
1956). Apparently plesiomorphic absence of accom-
modation of ductus by processus ossis lacrimale evi-
dently permits passage of former by medial angula-
tion or curvatura processi.

See: Payne and Risley (1976: character 9), regard-
ing Ardeidae; Strauch (1978: figs. 5 and 7c); Molnar
et al. (1990); Holtz (1994a: appendix 1, character 27);
Forster et al. (1998: supplement, character 19); J. D.
Harris (1998: appendix 2, character 10); Livezey
(1998b: appendix A, character 61); Sereno et al.
(1998: footnote 22, character 42), with respect to dor-
soventral position; Chiappe et al. (1999), regarding
Confuciusornis; Xu et al. (1999b: character 17);
Azuma and Currie (2000: appendix 1, character 67,
part); Norell et al. (2001: appendix 1, character 40);
J. M. Clark et al. (2002a: appendix 2.2, character 40);
Xu (2002: suite II, character 86); Xu et al. (2002a:
supplement, character 31), regarding enlarged later-
al foramen (foramina) in the “angle of the lacrimal”;
Xu et al. (2000: supplement, character 13) with re-
spect to “accessory lacrimal fenestration”; Currie et
al. (2003: appendix, character 25); Rauhut (2003:
characters 30-31) regarding incisura et foramen
(ductus), respectively; Hwang et al. (2004: supple-
ment, character 39); G. Mayr (2004a: appendix 1,
character 6); G. Mayr and Ericson (2004: appendix I,
character 4); Xu and Norell (2004: supplement, char-
acter 39).

0195. Os lacrimale, processus orbitalis, pes ossis
lacrimale (new term) effecting articularis jugalis (di-
rectly or via abbreviate ligamentum), status et forma
(unordered):

a. absent;

b. present, typically subspheroidal expansion;

c. present, expansion including distinctly caudal
tuberculum;
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X. noncomparable by absence of os lacrimale or
part(s) thereof (Podargus, Aegotheles, Hemiprocne,
Glaucis, Momotus, most Coraciiformes, Pitta, some
oscines).

0196. Os lacrimale, processus orbitalis, lamina
medialis (new term), perforatio laminae obliquus
(new term), status:

a. absent; b. present;

X. noncomparable by absence of os lacrimale or
part(s) thereof (Podargus, Aegotheles, Hemiprocne,
Glaucis, Momotus, most Coraciiformes, Pitta, some
oscines).

0197. Os lacrimale, processus orbitalis, recessus
et/aut foramina/pori pneumaticus, status:

a. absent; b. present;

x. noncomparable by absence of os lacrimale or
part(s) thereof (Podargus, Aegotheles, Hemiprocne,
Glaucis, Momotus, most Coraciiformes, Pitta, some
oscine Passeriformes).

Note.—Often especially conspicuous in bulbus
terminalis processi (new term) aut sulcus lateralis
incisurae ducti (new term). See: Sereno et al. (1994:
footnote 12) and Sereno et al. (1996: footnote 45,
characters 2 and 34), with respect to “lacrimal pneu-
matic excavation”; Livezey (1998b: appendix A,
character 59); Currie and Carpenter (2000: appendix
1, character 13), with respect to “lacrimal pneumatic
recess”; Xu et al. (2002b); Currie et al. (2003: appen-
dix, character 25).

0198. Os lacrimale, processus orbitalis, lamina
medialis processi (new term) occluding at least one-
half of lamina lacrimo-ectethmoidalis (new term)
within fossa antorbitalis, status et forma (unor-
dered):

a. absent;

b. present, with extensive sutura aut synostosis
lacrimo-ectethmoidalis;

c. present, with small os ectethmoidale occluding
incisura medialis processi orbitalis ossis lacrimale;

d. present, with os ectethmoidale bilaminar
(“overlapping”) with facies caudomedialis processi
orbitalis ossis lacrimale;

x. noncomparable by absence of os lacrimale or
part(s) thereof (Podargus, Aegotheles, Hemiprocne,
Glaucis, Momotus, most Coraciiformes, Pitta, some
oscine Passeriformes).

0199. Os lacrimale, facies articularis frontonasalis,
margo ventromedialis ossis nasale, extentio rostralis,
status:

a. present, dorsoventrally thick;

b. absent, dorsoventrally thin, ventrolateral in po-
sition;

x. noncomparable by absence of os lacrimale or
part(s) thereof (Podargus, Aegotheles, Hemiprocne,
Glaucis, Momotus, most Coraciiformes, Pitta, some
oscine Passeriformes).

Note.—See: Sereno et al. (1996: footnote 45, char-
acter 33); Holtz (2000 [1998]: appendix I, character
35).

0200. Os lacrimale, processus orbitalis, extentio
rostralis, status et forma (ordered):

a. significantly less extensive ventrally than orbita,
typically failing to extend to margo ventralis orbitae;

b. not extending ventrolaterally beyond junctura
lacrimo-ectethmoidalis (if present) or homologous
point, not approaching arcus jugalis;

c. extending ventrolaterally beyond junctura lac-
rimo-ectethmoidalis (if present) or homologous
point, typically approaching arcus jugalis;

d. as deep as orbita, typically articulating with ar-
cus jugalis at margo ventralis orbitae;

x. noncomparable by absence of os lacrimale or
processus orbitalis (Megapodiidae, Podargus, Ae-
gotheles, Hemiprocne, Glaucis, Momotus, most
Coraciiformes, Pitta, some oscine Passeriformes).

Note.—Cf. assessment of “extent” relative to or-
bita et arcus jugalis.

See: Livezey (1986: appendix 1, character 10); Sie-
gel-Causey (1988: character 20); Andors (1992: table
2, character 6); Livezey (1995b: appendix 1, charac-
ter 4); Ericson (1997: table 1, character 5; table 2,
character 3); Livezey (1997a: appendix 1, character
14; corrigenda, Livezey 1998a); Chu (1998: appendix
1, character 29); Livezey (1998b: appendix A, char-
acter 58); Hughes (2000: appendix 2, character 3), in
which structure attributed to os frontale; G. Mayr
and Clarke (2003: appendix A, character 12); G.
Mayr et al. (2003: appendix 1, character 7); Rauhut
(2003: character 29); Dyke and van Tuinen (2004:
appendix 1, character 5); G. Mayr (2004a: appendix
1, character 5); G. Mayr (2004d: appendix I, charac-
ter 2); G. Mayr and Ericson (2004: appendix I, char-
acter 4); G. Mayr (2005a: appendix 1, character 2).

0201. Os lacrimale, processus orbitalis, angulus
medialis et terminus acuminatus (new term), status:

a. absent; b. present, pronounced;

x. noncomparable (Megapodiidae, Podargus, Ae-
gotheles, Hemiprocne, Glaucis, Momotus, most
Coraciiformes, Pitta, some oscine Passeriformes).

0202. Os lacrimale, processus orbitalis, terminus
ventralis, sulcus articularis jugalis, status:

a. absent; b. present;

x. noncomparable (Megapodiidae, Podargus, Ae-
gotheles, Hemiprocne, Glaucis, Momotus, most
Coraciiformes, Pitta, some oscine Passeriformes).

Note.—Intended to encode structural modifica-
tion of os lacrimale associated with junctura jugolac-
rimalis (if present), i.e., accommodation of probable
contact. See: Payne and Risley (1976: character 8),
regarding Ardeidae; Sereno et al. (1996: footnote 45,
character 3); Holtz (2000 [1998]: appendix I, charac-
ter 34).
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0203. Os lacrimale, processus supraorbitalis et fa-
cies articularis lacrimo-frontalis, status:

a. absent, element not exposed on cranium, facies
dorsalis;

b. present, element broadly exposed on cranium,
facies dorsalis;

x. noncomparable (Podargus, Aegotheles,
Hemiprocne, Glaucis, Momotus, most Coraciifor-
mes, Pitta, some oscine Passeriformes).

Note.—See: Gauthier (1986); Benton (1990b: 21),
who listed exposure of os lacrimale on skull roof as
synapomorphic of all Theropoda; Novas (1994
[1993]: appendix, character 40); Holtz (2000 [1998]:
appendix I, character 30); G. Mayr and Ericson
(2004: appendix I, character 3).

0204. Os lacrimale, processus supraorbitalis et
corpus lacrimalis (new term), facies dorsalis, elonga-
tion (dorsal perspective), status:

a. absent; b. present;

x. noncomparable (Podargus, Aegotheles,
Hemiprocne, Glaucis, Momotus, most Coraciifor-
mes, Pitta, some oscine Passeriformes).

Note.—New term corresponds to portion includ-
ing facies articularis frontonasalis. See: Livezey
(1986: appendix 1, character 11); Livezey (1989:
table 1, character 11); Livezey (1991: appendix 1,
character 153); Andors (1992: table 2, character 7);
Livezey (1995b: appendix 1, character 1); Livezey
(1996a: appendix 1, character 7); Livezey (1996b: ap-
pendix 1, character 5); K. Lee et al. (1997: appendix
1, character 52); Chu (1998: appendix 1, characters
30-31); Livezey (1998b: appendix A, characters 62—
63); G. Mayr and Clarke (2003: appendix A, charac-
ter 13); Dyke and van Tuinen (2004: appendix 1,
character 6).

0205. Os lacrimale, processus supraorbitalis, cau-
dolateral elongation of at least one-half of margo
dorsalis orbitae, status:

a. absent; b. present;

x. noncomparable (Podargus, Aegotheles,
Hemiprocne, Glaucis, Momotus, most Coraciifor-
mes, Pitta, some oscine Passeriformes).

Note.—In Accipiter and Psophia, presence of ossa
supraorbitalia complicates coding. See: Chu (1998:
appendix 1, character 31); Livezey (1998b: appendix
A, characters 62-63); G. Mayr et al. (2003: appendix
1, character 5).

0206. Os lacrimale, processus supraorbitalis,
forma (unordered):

a. variably elongate, typically narrow and attenu-
ated caudad, sutura lacrimo-frontalis extends to ter-
minus caudalis of processus;

b. elongate-rectangular, laterocaudal or caudola-
teral in orientation, separate from margo lateralis of
os frontale;
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c. subtriangular to subconical (i.e., broad basally
and abruptly narrowed to terminal angulus, dorsum
subplanar to convex), laterocaudal orientation, vari-
ably emancipated from os frontale caudad;

x. noncomparable (Podargus, Aegotheles,
Hemiprocne, Glaucis, Momotus, most Coraciifor-
mes, Pitta, some oscine Passeriformes).

Note.—See: Holdaway (1991: appendix 5.1, char-
acter 12); Chu (1998: appendix 1, character 22);
Hughes (2000: appendix 2, characters 11-14), limited
to variation among Cuculiformes; G. Mayr et al.
(2003: appendix 1, character 5).

0207. Os lacrimale, processus supraorbitalis,
prominentia (cornua) lacrimales (new term) et/aut
crescentia nasolacrimales (new term), status:

a. absent;

b. present, as bilaterally paired triangular cornu-
lae or bilateral, caudal continuations of cristae nasa-
les;

x. noncomparable (Podargus, Aegotheles,
Hemiprocne, Glaucis, Momotus, most Coraciifor-
mes, Pitta, some oscine Passeriformes).

Note.—See: J. M. Clark et al. (1994); Russell and
Dong (1994a [1993a]: table 2, character 6), with re-
spect to “postorbital horns” of os lacrimale; J. D.
Harris (1998: appendix 2, character 11); Azuma and
Currie (2000: appendix 1, character 66); Currie and
Carpenter (2000: appendix 1, character 14), in refer-
ence to “lacrimal horn,” and categorized as absent, a
low crista, jugum, or prominent conus; Holtz (2000
[1998]: appendix I, characters 27 [paired crescentia]
and 31); Norell et al. (2001: appendix 1, character
39); J. M. Clark et al. (2002a: appendix 2.2, character
39); Xu (2002: suite II, character 85); Xu et al.
(2002a: supplement, character 30); Currie et al.
(2003: appendix, character 24); Rauhut (2003: char-
acter 32); Hwang et al. (2004: supplement, character
38); Xu and Norell (2004: supplement, character 38).

Suturae Cranii

0208. Sutura supraoccipito-parietalis, typus:

a. suturae squamosa, margines ossium signifi-
cantly overlapping;

b. sutura serrata or plana, a simple abutment.

Note.—Involvement of this sutura in the crista
nuchalis transversa in some taxa merits comparison
with that character. See: Currie and Zhao (1994b
[1993b]); Forster et al. (1998: supplement, character
10); Chatterjee (1999: appendix II, character 28); Xu
et al. (1999a: character 8); Xu et al. (1999b: character
10); Xu et al. (2000: supplement, character 8).

0209. Sutura interparietalis, status definitivum:

a. present, elements medially distinguishable;

b. absent, medial synostosis of elements renders
junctura interparietalis indiscernable.
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Note.—See: Norell et al. (2001: appendix 1, char-
acter 49); J. M. Clark et al. (2002a: appendix 2.2,
character 48); Xu (2002: suite II, character 91); Xu et
al. (2002a: supplement, character 36); Hwang et al.
(2004: supplement, character 47); Xu and Norell
(2004: supplement, character 47).

0210. Ossa parietales, foramen interparietalis
(new term), status:

a. present; b. absent.

Note.—See: Romer (1956: 59); Benton and Clark
(1988: appendix 1, character 3); Benton (2004: 19).

0211. Sutura interparietalis, rostrocaudal fore-
shortening associated with pronounced narrowing of
ossa parietales, status:

a. absent; b. present, distinct.

0212. Sutura prefronto-frontalis (new term),
forma:

a. sutura squamosa (os prefrontale dorsad to os
frontale), os prefrontale diminutive;

b. sutura plana, os prefrontale relatively lateral;

x. noncomparable by absence of os prefrontale
(Neornithes).

Note.—See: Barsbold and Osmolska (1999); Xu
(2002: suite I, character 26).

0213. Sutura frontoparietalis, status:

a. discernable in adults;

b. absent, rendered indiscernable by synostosis.

Note.—Polymorphism here is typically of ontoge-
netic nature, in which the feature is present in early
semaphorants but indistinguishable in adults, and
the developmental interval to closure is variable and
comparatively protracted. See: J. M. Clark et al
(1994); Elzanowski (1995: character NG2); Norell
and Clarke (2001: appendix I, character 51), treated
similarly by J. A. Clarke (2002: appendix I, character
51), J. A. Clarke and Norell (2002: appendix 2, char-
acter 51); Zhou and Zhang (2002: appendix III, char-
acter 51); Currie et al. (2003: appendix, character
15); G. Mayr and J. A. Clarke (2003: appendix A,
character 32), including erroneous characterization
of Apterygidae as plesiomorphic; J. A. Clarke (2004:
appendix 1, character 51); Dyke and van Tuinen
(2004: appendix 1, character 20); Ji et al. (2005:
supplement, part I, character 51).

0214. Juncturae supraoccipito-squamosa et exoc-
cipito-squamosa, typus:

a. articulatio aut sutura synovialis;

b. sutura.

Note.—See: Cracraft (1986: appendix, character
62); Cracraft (1988: series I, character 10).

0215. Suturae frontosquamosa et laterospheno-
squamosa, margo laterocaudalis orbitae, elongate,
pointed, extensio dorsolateralis squamosi, terminus
dorsal to os parietale, status praedefinitivum:

a. absent; b. present.

Note.—Columbiformes, Gruiformes, and Char-
adriiformes, and some Procellariiformes may show
intermediacy; Apodidae also challenging.

0216. Sutura laterospheno-parietalis, status (or-
dered):

a. present, comparatively broad;

b. present, but limited to a rostrally oriented
point;

c. absent, ossa laterosphenoidale et parietale
separated by broad sutura frontosquamosa.

Note.—Secondary exemplar taxa used for coding
characters of juveniles.

0217. Junctura laterospheno-parietalis (new
term), typus and status definitivum:

a. sutura, discernable;

b. synchondrosis, not remaining discernable.

Note.—See: Barsbold (1983); Holtz (1994a: ap-
pendix 1, character 18); Forster et al. (1998: supple-
ment, character 21); Xu et al. (1999b: character 19);
Xu et al. (2000: supplement, character 14), with re-
spect to “fusion between parietals and laterosphe-
noid in adults.”

Synchondroses Cranii

Note.—A diversity of synchondroses cranii are
recognized formally (Baumel and Raikow 1993).
Synchondrosis interoticae aut synostosis ossium
prodtica, epiotica, et opisthotica—so as to compose a
single component of the auris interna of Neor-
nithes—occurs during very early ontogeny (Jollie
1957; Sandoval 1964; H. J. Miiller 1963). An addi-
tional element (os metoticum) evidently is a neo-
morph of embryogenesis of Aves and perhaps Ar-
chosauria, is lateral to the cavum tympanicum ulti-
mately formed by the former elements, joins the
lamina parasphenoidalis, arcus occipitalis (ossa basi-
occipitale, supraoccipitale, et basioccipitale), et ca-
vum tympanicum (de Beer and Barrington 1934),
and contributes much to the definitive processus par-
occipitalis (Toerien 1971). A dearth of ontogenetic
series of most taxa of Aves precludes a reliable as-
sessment of these structures and their development;
however, the presence of useful information in se-
quences of synchondrosis, conformation, and defini-
tive structure and function is likely.

Several bilateral pairs of primordia cranii are
joined by understudied synchondroses during early
ontogeny, including two partes comprising the de-
finitive os laterosphenoidale (synchondrosis interla-
terosphenoidalis), os orbitosphenoidale (facies cau-
dalis orbitae), and several other pairs of elements in
the “sphenoid” complex. Further ontogenetic varia-
tion attends the synchondrosis interlaterosphenoida-
lis (Jollie 1957; Goodrich 1958; H. J. Miiller 1963;
Hogg 1978).
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Cavum tympanicum

0218. Crista interfenestralis (emended term)—
lamina ossea between fenestrae ovalis et cochleae
(pseudorotunda), juxtaposed with confluence of ossa
prodticum et/aut opisthoticum—and recessus tym-
panicus accessorius (new term) delimited thereby,
ventral to crista—status:

a. absent, canalis (meatus) ophthalmicus externus
encloses depressio;

b. present, variably prominent.

Note.—Evidently, recessus tympanicus “accesso-
rius” (synonymous with “anterior” or “rostralis”)
conducts arteria carotis interna and is one of three
typical of stem Theropoda, the other two being re-
cessus dorsalis (alternatively, “superior”) and reces-
sus ventralis (Witmer 1990); this recessus is evidently
absent in Aves.

See (including redundant treatments of “acces-
sory recess”): Watt (1917); Saiff (1974, 1976, 1978,
1981, 1982, 1983, 1988); Elzanowski (1991: table 3);
Elzanowski and Galton (1991: character 12); Mak-
ovicky and Sues (1998: appendix 1, character 17),
both of the former in terms of number of recessi
pneumatici paratympanici; Holtz (2000 [1998]: ap-
pendix I, character 90); Norell et al. (2001: appendix
1, characters 14 and 24); J. M. Clark et al. (2002a:
appendix 2.2, characters 7 and 17); Xu (2002: suite II,
characters 61 and 69); Xu et al. (2002a: supplement,
character 6), for “middle ear opening”; Hwang et al.
(2004: characters 7 and 17); Xu and Norell (2004:
supplement, characters 7 and 17).

0219. Canalis ophthalmicus externus, lamina lat-
eralis, forma et status ossificans (ordered):

a. complete, forming entire tuba;

b. incomplete, forming irregularly open tuba
(tuba imperfecta);

c. absent, forming variably indicated, completely
exposed sulcus.

Note.—See: Cracraft (1988: series VII, character
4), regarding foramina in (basi)parasphenoidal plate
for “carotid/stapedial arteries, lateral head vein, and
the hymomandibular branch of nerve VII, with a
large foramen for nerves IX and X along its poste-
rior margin” (p. 347); Saiff (1988: table 1), for pre-
liminary family-level compilation, in which this was
termed “stapedial canal,” compiled largely from pre-
vious ordinal studies (Saiff 1974, 1976, 1978, 1981,
1982, 1983, 1988); Rotthowe and Starck (1998: ap-
pendix, character 6).

0220. Canalis ophthalmicus externus, ramus ac-
cessorius (new term), status:

a. absent;

b. present, originating in ostium canalis carotici
with arteria carotici.

Note.—Canalis ophthalmicus externus, ramus ac-
cessorius (new term), lies rostral to recessus columel-
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lae and unites with more-diminutive canalis ophthal-
micus externus to pass rostromediad to os quad-
ratum.

0221. Recessus columellae, status et forma (or-
dered):

a. obsolete or absent, margo recessi poorly de-
fined, fenestra vestibuli appearing coplanar with sur-
rounding bone, fenestra cochleae only weakly
bounded caudally or caudoventrally, recessus tym-
panicus caudalis (if present) conspicuous;

b. shallow, recessus distinct, but fenestra vestibuli
and fenestra cochleae only slightly deep to margo
recessi, recessus tympanicus caudalis (if present)
with internum exposed;

c. deep, recessus well defined, fenestra vestibuli
and fenestra cochleae distinctly deep to margo re-
cessi, recessus tympanicus caudalis (if present)
largely obscured.

Note.—Recessus columellae accommodates the
single ossicula auris avium (columella). Fenestrae
vestibuli (enclosing clipeolus columellae) et cochleae
(os opisthoticum, supporting membrana tympanica
secundaria), as well as the recessus tympanicus cau-
dalis open into this spatium (Baumel and Witmer
1993: annotation 22). See: Saiff (1974, 1976, 1978,
1981, 1982, 1983, 1988); Kiithne and Lewis (1985).
Reported absence of recessus among Mesozoic birds
based on Witmer (1990); Baumel and Witmer (1993:
annotation 21).

0222. Fenestra vestibuli, excavatio paravestibu-
laris (new term), status:

a. present; b. absent.

Note.—Also referred to by some as a “ventral” or
“lateral” recess. Here excavatio is taken to be larger
than recessus. See: Bakker et al. (1988); Holtz
(1994a: appendix 1, character 69), in reference to
excavation near “fenestra ovalis”; Norell et al. (2000:
appendix 1, character 20), regarding status of “sub-
otic recess”; Norell et al. (2001: appendix 1, charac-
ter 17); J. M. Clark et al. (2002a: appendix 2.2, char-
acter 8); Vickers-Rich et al. (2002), concerning
Avimimus; Xu (2002: suite 11, character 62); Xu et al.
(2002a: supplement, character 7), in reference to
“subotic recess (pneumatic fossa ventral to fenestra
ovalis)”; Hwang et al. (2004: supplement, character
8); Xu and Norell (2004: supplement, character 8).

Recessus pneumatici paratympanici

0223. Recessus pneumatici paratympanici, reces-
sus tympanicus dorsalis (perspective perpendicular
to cotylae), situs relative to cotylae quadratica squa-
mosi et quadratica otici (ordered):

a. caudal to cotylae;

b. intermediate, between cotylae;

c. rostral to cotylae.
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Note.—Known also as a “lateral” or “ventral” re-
cess in some taxa where the homologue has under-
gone a shift craniad. Comparability of recessus tym-
panicus dorsalis in ratites problematic. Character
summarized for neoavian families by Saiff (1988:
table 1) as position of “upper tympanic recess” rela-
tive to “quadrate facets,” compiled largely from pre-
vious ordinal studies (Saiff 1974, 1976, 1978, 1981,
1982, 1983, 1988). See: Siegel-Causey (1988: charac-
ters 29-30), and following character, related by cri-
terion of position; G. Mayr (2003a: appendix I, char-
acter 15); G. Mayr (2004b: appendix 1, character 16);
Bourdon et al. (2005: appendix 1, character 31).

0224. Recessus pneumatici paratympanici, reces-
sus tympanicus dorsalis, sectio caudal to cotyla quad-
ratica otici, including pila otica, foramina or pori
pneumatici, status et numerus modalis (unordered):

a. none; b. single foramen;

c. multiple foramina or exposed os spongiosum;

d. pori pneumatici, aspectus of fine os spongio-
sum.

Note.—In ratites, portion involved includes only
the ventral half of the cotyla quadratica otici.

See: Lowe (1925b, 1926a); Cracraft (1982: series 1,
character 4); Cracraft (1985: character 2); Witmer
(1990: 371-372, characters 1, 3, and 12); Rotthowe
and Starck (1998); Cracraft and Clarke (2001: appen-
dix 2, character 15, part); Maryanska et al. (2002:
appendix 1, character 55), in reference to presence-
absence of “three tympanic recesses” (presumably
rostralis, dorsalis, et caudalis of Neornithes). See di-
verse treatments by: Saiff (1978); Cracraft (1985:
character 2); Cracraft (1988: series V, character 6);
Cracraft (1988: series IX, character 5), in reference
to probably synonymous foramen pneumaticum
dorsale of recessus tympanicus dorsalis, and the
unsequenced mention of a “large fenestra/
foramen . .. immediately posterior to the facet for
the medial head of the quadrate . . . posteromedially
[located] to the upper tympanic recess and on a but-
tress for the quadrate . . . ,” proposed as synapomor-
phic for Gruiformes (Cracraft 1988: 351); Cracraft
and Mindell (1989: table 1, character 17). The last,
perhaps best-named “fenestra prootica postquad-
ratocotylaris,” was included by Rotthowe and Starck
(1998: character 31) as “large window in prooticum”
and illustrated in considerable detail; a simplified
version of this character, included by Cracraft and
Clarke (2001: appendix 2, character 14), was inter-
preted as synapomorphic for palacognathous birds
by Witmer (1990: 372, character 18); G. Mayr and
Clarke (2003: appendix A, character 31); Dyke and
van Tuinen (2004: appendix 1, character 19); G.
Mayr and Ericson (2004: appendix I, character 18),
attributing pila otica and fenestrae to ossa opisthoti-
cum et prodticum.

0225. Recessus pneumatici paratympanici, reces-
sus tympanicus dorsalis, cotyla quadratica, pila sub-
cotylaris (new term), status:

a. absent; b. present.

Note.—Serves to confine processus oticus qua-
drati within cotyla quadratica otici, exposed in ven-
tral perspective.

0226. Recessus pneumatici paratympanici, reces-
sus tympanicus dorsalis, depressio foraminis pneu-
maticum dorsale on ossa prodticum et/aut opisthoti-
cum, status et forma (unordered):

a. absent;

b. present, dorsally exposed fossa;

c. present, deep caudolaterally exposed concavi-
tas.

Note.—See: Norell et al. (2001: appendix 1, char-
acter 23); J. M. Clark et al. (2002a: appendix 2.2,
character 16); Xu (2002: suite II, character 68); Xu et
al. (2002a: supplement, character 13), regarding “de-
pression for pneumatic recess on prootic” in selected
nonavian Theropoda; Ji et al. (2003b); Hwang et al.
(2004: supplement, character 16); Xu and Norell
(2004: supplement, character 16); Bourdon et al.
(2005: appendix 1, character 32).

0227. Recessus pneumatici paratympanici, reces-
sus tympanicus dorsalis, enlargement of recessus and
development of margo of recessus lateralis as promi-
nent crista crescentiformis (new term), status:

a. absent; b. present.

Note.—See: Currie and Zhao (1994a-b [1993a-
b]); Norell et al. (2001: appendix 1, character 12); J.
M. Clark et al. (2002a: appendix 2.2, character 6); Xu
(2002: suite II, character 60), regarding crista et re-
cessus pneumaticus between ossa proodticum et basi-
sphenoidale; Hwang et al. (2004: supplement, char-
acter 6); Xu and Norell (2004: supplement, character
6), in reference to “otosphenoidal crest . .. on basi-
sphenoid and prootic.” Also, Witmer (1990: charac-
ter 14) and Cracraft and Clarke (2001: appendix 2,
character 15, part) characterized the status of a “fo-
ramen pneumaticum ipsilaterale” that effects com-
munication between recesses tympanicus dorsalis et
caudalis (recessus pneumatici paratympanici), noting
much homoplasy among Neornithes.

0228. Recessus pneumatici paratympanici, reces-
sus tympanicus rostralis, status (unordered):

a. absent; b. present; c. vestigial.

Note.—See: Makovicky and Sues (1998); Maryan-
ska et al. (2002: appendix 1, character 55), in refer-
ence to presence of “three tympanic recesses”;
Rauhut (2003: character 59); Bourdon et al. (2005:
appendix 1, character 28), including different distri-
bution of feature among Pelecaniformes. Similar but
independently derived recessus occurs among Cro-
codylomorpha (Gower and Weber 1998).
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0229. Recessus pneumatici paratympanici, reces-
sus tympanicus rostralis, facies ventralis, ostium,
forma:

a. occluded ventrally, forming entire circular rima
ossea;

b. rima ossea imperfect rostroventrad, including a
variably deep incisura.

Note.—See: Cracraft (1985: characters 14-15);
Siegel-Causey (1997: table I, characters 12 and 16),
regarding differing treatments of “lateral wall” or
“bony ring” of “presphenoid sinus,” for which a lim-
ited survey segregated taxa Phalacrocoracidae, Suli-
dae, and Pelecanidae from others.

0230. Recessus pneumatici paratympanici, reces-
sus tympanicus rostralis, synostosis of ala parasphe-
noidalis and processus paroccipitalis, resulting from
(i) caudal displacement of ostium recessi pneumatici
rostralis and (i) incisura between ostium and pro-
cessus paroccipitalis, status et forma (ordered):

a. absent; b. present, rima cum incisura;

c. present, rima entire.

0231. Recessus pneumatici paratympanici, reces-
sus tympanicus rostralis, paries caudolateralis, forma
(ordered):

a. markedly thickened, cancellous;

b. moderately thickened, cancellous;

¢. thin lamina, acancellous;

x. noncomparable by undeveloped paries lateralis
(Diomedea, Anhinga, Phalacrocorax).

0232. Recessus pneumatici paratympanici, reces-
sus tympanicus caudalis, aspectus superficialis:

a. variably concealed within recessus columellae;

b. superficial.

Note.—See: Cracraft (1981a: 686); Cracraft (1986:
appendix, character 55); Cracraft (1988: series IX,
character 1), with respect to enlargement of upper
tympanic recess; Chiappe et al. (1996: appendix 1,
character 81).

0233. Recessus pneumatici paratympanici, reces-
sus tympanicus caudalis, apertura pneumaticum, ori-
entation:

a. toward ossa otica, penetrating processus paroc-
cipitalis, margo rostralis;

b. toward cavum tympanicum, confined to reces-
sus columellae.

Note.—See: Currie (1985); Witmer (1990: 372,
character 13); Chiappe et al. (1996: appendix 1, char-
acter 81); Chiappe et al. (1998: character 10); Ji et al.
(1998: supplement, character 10), with respect to
“caudal tympanic recess opens on the rostral margin
of the paraoccipital process or into the columellar
recess”; Livezey (1998b: appendix A, character 84);
Makovicky and Sues (1998: appendix 1, character
14), with respect to states contrasted as “parasphe-
noid flat and nonpneumatic” vs. “inflated and pneu-
matized by anterior tympanic recess” citing J. M.
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Clark et al. (1994); Chatterjee (1999: appendix II,
character 13), who cited Witmer (1990) in context of
“squamosal roof to the superior tympanic recess”;
Holtz (2000 [1998]: appendix I, character 92), in ref-
erence to “posttympanic recess,” and citing Mak-
ovicky and Norell (1998) with respect to “squamosal
recess” of Witmer (1997); Chiappe (2001a: appendix
1, character 22); Cracraft and Clarke (2001: appendix
2, character 15, part); Chiappe (2002: appendix 20.2,
character 22); Maryanska et al. (2002: appendix 1,
character 54); Xu (2002: suite II, character 70); Xu et
al. (2002a: supplement, character 15, modified and
polarity reversed), in reference to “caudal (poste-
rior) tympanic recess” relative to “paroccipital pro-
cess.”

0234. Recessus pneumatici paratympanici, reces-
sus tympanicus caudalis, status et situs relative to
processus paroccipitalis et os opisthoticum:

a. recessus tympanicus caudalis not evident;

b. on facies rostralis of processus paroccipitalis;

c. extending into os opisthoticum caudodorsal to
fenestra ovalis.

Note.—The recessus referred to as “caudalis”
here, moves to dorsal or superior position in some
taxa, but caudalis remains most appropriate for in-
clusion of Aves. See: Norell et al. (2001: appendix 1,
character 25); J. M. Clark et al. (2002a: appendix 2.2,
character 18); Xu (2002: suite II, character 70); Xu et
al. (2002a: supplement, character 15), in reference to
“caudal (posterior) tympanic recess” and position
relative to “paroccipital process”; Maryanska et al.
(2002: appendix 1, character 55), in reference to
presence-absence of “three tympanic recesses.”
Problematic determinations may accompany many
Neornithes in light of the ontogenetically early syn-
ostosis of the ossa otica (ossa prodticum, epioticum,
opisthoticum, et metoticum); Hwang et al. (2004:
supplement, character 18); Xu and Norell (2004:
supplement, character 18).

0235. Recessus pneumatici paratympanici, status
et forma (ordered):

a. absent; b. present, shallow;

c. present, deep.

Note.—See: J. D. Harris (1998); Currie et al.
(2003: appendix, character 5); Rauhut (2003: charac-
ter 57).

0236. Recessus pneumatici paratympanici, ossa in-
clusiva:

a. ossa basisphenoidale et basioccipitale;

b. entirely os basisphenoidale.

Note.—See: Makovicky and Norell (1998); Holtz
(2000 [1998]: appendix I, character 93), in reference
to cranial tympanic recess and os basisphenoidale;
Chiappe (2001a: appendix 1, character 23); Norell et
al. (2001: appendix 1, character 18); Chiappe (2002:
appendix 20.2, character 23); J. M. Clark et al.
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(2002a: appendix 2.2, character 9); Vickers-Rich et
al. (2002), concerning Avimimus; Xu (2002: suite 11,
character 63); Xu et al. (2002a: supplement, charac-
ter 8); Hwang et al. (2004: supplement, character 9);
Xu and Norell (2004: supplement, character 9).

0237. Recessus pneumatici paratympanici, reces-
sus tympanicus rostralis, forma:

a. comprises single, confluent recessus delimited
by enlarged crista basisphenoidalis (otosphenoidalis)
aut depressio lateralis;

b. comprises separate partes prodtica et basisphe-
noidalis;

x. noncomparable or undetermined (Avialae, in-
cluding Neornithes).

Note.—See: Norell et al. (2000: appendix 1, char-
acter 22).

Columella (Stapes)

Note.—Reviews given by G. W. Smith (1905), H.
J. Miiller (1963), Feduccia (1975a—c), Smit and Frank
(1979), and Kithne and Lewis (1985). Information on
the columella of Dinornithiformes was provided by
Worthy and Holdaway (2002: 109-110). Cartilago
extracolumellaris articulates with extremitas distalis
columellae and is attached to membrana tympanica
(Evans and Martin 1993: annotations 53-54), and to-
gether are drawn by a single muscle—m. columel-
lae—which passes through foramen m. columellae,
adjacent to hiatus subtympanicus.

Feduccia (1975a—c) concluded that the vast ma-
jority of nonpasseriform taxa and virtually all passe-
riform birds retained a plesiomorphic condition of
the columella, one strongly reminiscent of that of
Reptilia and varying little in most or all of the pri-
mary features of the columella (e.g., stipes for shaft,
clipeolus for disc or “small shield”), and resemble
known columellae of Dinosauria (Colbert and Os-
trom 1958). Basic sources of conformational data
were Krause (1901) and J. M. Starck (1995: figs. 45—
50). Feduccia (pers. comm.) provided unpublished
data on a number of critical taxa.

0238. Columella, stipes columellac (new term)—
corpus, basis, et fenestrae—forma (unordered):

a. unicolumnar, variably hollow, unfenestrated;

b. unicolumnar, variably hollow, perforated by
one or two fenestrae;

¢. unicolumnar, variably hollow, multiply micro/
macro-fenestrate;

d. bicolumnar or multistipulate.

Note.—See: Krause (1901); Feduccia (1974,
1975a—c, 1976b, 1977a-b); Feduccia and Ferree
(1978); J. M. Starck (1995: fig. 45); G. Mayr (2003a:
fig. 2; appendix I, character 6); G. Mayr (2003b: ap-
pendix I, character 6), regarding Trogonidae; G.

Mayr (2004b: appendix 1, character 23), in reference
to “tubular” columella.

0239. Columella, stipes columellae (new term),
extremitas lateralis stipitis, processus supracolumel-
laris (processus rostralis) et processus infracolumel-
laris (processus caudalis), prominence (relative to
stipes) et orientation (relative to stipes), forma:

a. comparatively short, distal, and oriented latero-
distad;

b. comparatively elongate, intermediate, and ori-
ented perpendicularly, contributing to an “anvil-
like” aspect.

Note.—Terms follow Krause (1901), H. J. Miiller
(1963), and J. M. Starck (1995); processes synony-
mous with “distal condyle” and “distal process” of
Feduccia (1975c¢: fig. 2), and the synonyms of Kiihne
and Lewis (1985) after Stellbogen (1930), are shown
in square brackets. See: Feduccia (1974, 1975a—c,
1976b, 1977a-b); Van Tyne and Berger (1976: fig.
10); Smit and Frank (1979: fig. 6); Feduccia and Ol-
son (1982); J. M. Starck (1995: fig. 45); G. Mayr
(2002a: legend for fig. 9, node 5, character 2); Wor-
thy and Holdaway (2002: fig. 423); G. Mayr (2003a:
appendix I, character 20). May pertain to the feature
described by Rotthowe and Starck (1998: appendix,
character 39) as “ossification of proc. infracolumel-
laris columellae (= lateral basitemporal process)”
and credited to Bock and McEvey (1969a).

0240. Columella, clipeolus columellae (new term),
forma generalis (unordered):

a. laminar, margo basalis (sub)circular, diameter
variable, typically including one to several fenestra
caudalis et fossa interna;

b. hemiglobular or “umbrelliform,” facies ventra-
lis distinctly convex, with dorsal or internal aspect of
clipeolus fenestrate;

¢. (semi)globular, margo basalis (sub)triangular or
(sub)circular, typically including one fenestra cauda-
lis et fossa interna.

Note.—Terms follow: Krause (1901), H. J. Miiller
(1963), and J. M. Starck (1995), from which the term
“clipeolus” is intended as a diminutive of “clipeus”
meaning “(round) shield”; the latter corresponds to
the “foot plate” of Feduccia (1974, 1975a—c, 1976b,
1977a-b), Van Tyne and Berger (1976: fig. 10), Fe-
duccia and Ferree (1978), Feduccia and Olson
(1982), and Raikow (1987: table 1; character 27).
See: Smit and Frank (1979: fig. 6); J. M. Starck (1995:
figs. 45-50); J. A. Clarke et al. (2002), regarding ovi-
raptorosaur Citipati; G. Mayr (2003a: appendix I,
character 20); G. Mayr (2003b: fig. 2; appendix I,
character 6); G. Mayr and Clarke (2003: appendix A,
character 39); G. Mayr et al. (2003: appendix 1, char-
acter 18); Dyke and van Tuinen (2004: appendix 1,
character 25); G. Mayr (2004d: appendix I, character
6); G. Mayr (2005a: appendix 1, character 6).
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Orbita

Note.—Phylogenetically informative features of
the orbita of Theropoda, including Aves, include as-
pects of the bounding elements (ossa prefrontale,
lacrimale, frontale, postorbitale, laterosphenoidale,
mesethmoidale, ectethmoidale, orbitosphenoidale,
et squamosum), secondary ossifications (e.g., septum
interorbitalis, or deficiencies thereof, fonticulae in-
terorbitales), and the spatium defined thereby
(Chure 1998).

0241. Orbita, length relative to fenestra antorbit-
alis internus:

a. shorter than internal antorbital fenestra length;

b. subequal or moderately longer than internal
antorbital fenestra length;

c. expanded, markedly greater than internal ant-
orbital fenestra length.

Note.—Length quantified by maximal or dorso-
ventrally intermediate, craniocaudal length of mar-
gines ossea relative to that of fenestra antorbitalis.
See: Holtz (1994a: appendix 1, character 73); Pérez-
Moreno et al. (1994: legend for fig. 3, character 7);
Chure (1998); Holtz (2000 [1998]: appendix I, char-
acter 44); Maryanska et al. (2002: appendix 1, char-
acter 24); Xu et al. (2002b); J. A. Clarke (2004: fig.
19).

0242. Margines orbitae (lateral perspective),
forma (unordered):

a. orbiculate;

b. ovate or claviform (“key-shaped”), dorsum
rounded, ventrum narrow.

Note.—See: Gauthier (1986); Holtz (1994a: ap-
pendix 1, character 28); Russell and Dong (1994b
[1993b]: troddontid character 5), with respect to “an-
teromedially inclined orbit”; J. D. Harris (1998: ap-
pendix 2, character 18); Currie and Carpenter (2000:
appendix 1, character 22), in which orbita character-
ized by “expanded and circular”; Holtz (2000 [1998]:
appendix I, character 45); Norell et al. (2001: appen-
dix 1, character 8); J. M. Clark et al. (2002a: appen-
dix 2.2, character 2); Xu (2002: suite II, character 57);
Xu et al. (2002a: supplement, character 2), in which
the alternative to “round” was “dorsoventrally elon-
gate.” Holtz (1994a: appendix 1, character 73) in-
cluded circular shape with assessment of size; Hwang
et al. (2004: supplement, character 2); Xu and Norell
(2004: supplement, character 2). Review of orbita in
theropods by Chure (1998).

0243. Paries caudalis orbitae, septum postocularis
(new term), status:

a. absent; b. present.

Note.—See: Benton (1990b: 24). Septum postocu-
laris (new term) is synonymous with the “palpe-
bral”—a term reserved for integumental “eyelids”—
which in Mesozoic Aves refers to osseus laminae
caudal to the bulbus oculi within the orbita and com-

NO. 37

prising contributions from both ossa postorbitale et
jugale (Maryanska 1977).

0244. Paries caudalis orbitae, generalized defi-
ciency of ossification of entire paries leaving only
lateromedial trabecular representation of crista ten-
torialis and linea cerebralis optici (new term) sepa-
rating dorsal and ventral, elongate fenestrae, status:

a. absent, including presence of more-restricted
deficiencies in paries;

b. present.

Note.—Principally or wholly os laterosphenoi-
dale.

0245. Paries medialis orbitae, septum interorbit-
ale, status:

a. absent; b. present.

Note.—Septum interorbitale often assumed to be
primarily or wholly a derivation of os mesethmoi-
dale. Includes relative development of lamina in-
terna, crista frontalis interna (Livezey 1998b: char-
acter 73).

See: Zusi (1978); Bang and Wenzel (1985);
Cracraft (1985: characters 19-20); Cracraft (1986: ap-
pendix, character 50); Gauthier (1986: 13, unindexed
synapomorphy of Ornithurae); Houde (1988: table
27, character 14); Chatterjee (1991: character 25);
Holdaway (1991: appendix 5.1, character 22); An-
dors (1992: table 2, character 1); Siegel-Causey
(1997: table I, character 17); Chu (1998: appendix 1,
character 23); Chure (1998), for review of orbita in
nonavian theropods; Chatterjee (1999: appendix II,
character 23); J. A. Clarke and Chiappe (2001: char-
acter 67); Norell and Clarke (2001: appendix I, char-
acter 25), who erroneously attributed septum en-
tirely to os mesethmoidale, treated similarly by J. A.
Clarke (2002: appendix I, characters 25 [status]-26
[position]), J. A. Clarke and Norell (2002: appendix
2, characters 25-26), and J. A. Clarke (2004: appen-
dix 1, characters 25-26); Coria and Currie (2002: ap-
pendix 1, character 4); Zhou and Zhang (2002: ap-
pendix III, character 25). G. Mayr (2002a: appendix
1, character 5) and G. Mayr et al. (2003: appendix 1,
character 14), characterized related “cone-like bony
protrusion at caudal margin of foramen nervi optici,”
herein determined to be unacceptably variable and
widespread; G. Mayr and Ericson (2004: appendix I,
character 1); Ji et al. (2005: supplement, part I, char-
acters 25-26), mistakenly attributed to os meseth-
moidale; G. Mayr (2005a: appendix 1, character 1);
G. Mayr (2005b: appendix 1, character 5).

0246. Paries medialis orbitae, large cavum ethmo-
mandibularis (new term) lateral to septum interor-
bitale and caudodorsal in orientation, status:

a. absent; b. present.

Note.—Closed internally by membrana, partially
occupied by origo m. ethmomandibularis. See: D. W.
Thompson (1899).
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0247. Fonticulus interorbitalis (septae), status et
forma (unordered):

a. absent;

b. present, separated from foramen opticum;

c. present, lacking osseus partition from (continu-
ous with) foramen opticum.

Note.—Intraspecifically, ontogenetically variable.
Some nonexemplar Coraciiformes, Piciformes, and
Passeriformes vary from exemplar taxa (Donatelli
19964, 1997; Pascotto and Donatelli 2003). See: Bel-
lairs (1958); Payne and Risley (1976: characters 5-6),
regarding Ardeidae; Cracraft (1985: character 19);
Siegel-Causey (1988: character 16); Holdaway (1991:
appendix 5.1, character 22); Chu (1998: appendix 1,
character 32); Chure (1998); Livezey (1998b: appen-
dix A, character 67).

0248. Fonticulus orbitocranialis (if present), con-
fluence with foramen nervorum olfactorii et foramen
opticum, status:

a. absent; b. present.

Note.—See: Shufeldt (1902a: pls. ii and vi); Har-
rison and Walker (1976b: pl. i, fig. ¢); Chu (1998:
appendix 1, characters 33-35), in which an attempt
was made to determine participation of individual
nervi with fonticulus (e.g., n. olfactorii et opticum);
Bourdon et al. (2005: appendix 1, character 35), em-
phasizing bipartite form of foramina; Bourdon et al.
(2005: appendix 1, character 36), regarding conflu-
ence of foramina nervorum oculomotorii, trochle-
aris, et opthalmici.

0249. Ventrum (solum) orbitae, fenestra suborbit-
alis (new term), status et rostrocaudal length relative
to that of orbita et ossa inclusiva (unordered):

a. present, approximately equal;

b. present, moderately reduced by os ectethmoi-
dale, approximating three-fourths of orbita;

c. present, moderately reduced by processus lat-
eralis palatini, approximating three-fourths of orbita.

Note.—This ill-defined character (“suborbital fe-
nestra”) evidently refers to solum orbitae as delim-
ited by ossa enclosing the ventrum oculi (ossa vary-
ing among taxa), or the spatium or fenestra repre-
senting the lack thereof. Ossa facialis aut cranii
rarely occlude this “fenestra” among Theropoda, the
ventrum orbitae closed in life by musculi mandibulae
and associated ligamenta. The present character re-
fers to relative lengths (parallel to axis majoris cra-
nii) of orbita and fenestra ventral to orbita, and pro-
visionally included given the usage in the paleonto-
logical literature. See: Norell et al. (2001: appendix 1,
character 11); J. M. Clark et al. (2002a: appendix 2.2,
character 66); Xu (2002: suite II, character 104); Xu
et al. (2002a: supplement, character 49); Hwang et al.
(2004: supplement, character 65); Xu and Norell
(2004: supplement, character 65).

0250. Orbita, septum interorbitalis, paries dorsa-
lis, canalis (sulcus) n. olfactorius, ostium rostralis,
forma:

a. variably occult fissura;

b. prominent, voluminous, involucral tuba.

Note.—Form and position vary moderately
among taxa possessed of prominent canalis.

Foramina orbitonasales mediale et laterale

Note.—These ostia manifest extreme variation in
expanse, position, and shape, a condition consistent
with their anatomical derivation—i.e., the failure of
a suite of skeletal elements (ossa ectethmoidale,
mesethmoidale, lacrimale, et frontale) to meet or oc-
clude the fossa et/aut fenestra orbitonasale and in-
cluded foramina propria (e.g., foramina n. olfacto-
rius, fenestra aut sulcus ducti nasolacrimalis, ostia
glandulae, et ducti nasalis). Accordingly, much of the
reliably scored variation is compiled under the os(sa)
involved. Absence of ossification per se is prone to
variation among conspecifics and related to age, nu-
trition, or preparation of specimens, and homologies
are virtually impossible to determine with respect to
specific soft structures without dissections. Never-
theless, Gestalten suggestive of informative variation
is obvious (e.g., in parrots and columbiforms). To the
contrary, the virtual absence of ossification within
the fossa antorbitalis in palaecognathous taxa, and
marked contrasts in ossification between closely re-
lated families (e.g., Phalacrocoracidae and Anhingi-
dae), underscore the need for caution in the charac-
terization of variations in this region.

0251. Foramen orbitonasale laterale, extensive os-
sification such that foramen (i.e., ostium dorsolatera-
lis) is (i) markedly restricted by ossa lacrimale, ect-
ethmoidale, et frontale, (ii) subovate or subcircular
in form, and (iii) larger than foramina neurovascu-
laria (e.g., foramen n. olfactorius) also perforating
lamina (paries) ossificans antorbitalis (new term),
status et forma sensu principal orientation (unor-
dered):

a. absent; b. present, rostrocaudal;

c. present, partly lateromedial—by rostral exten-
sion of processus orbitalis ossis lacrimale with re-
spect to planum ossis ectethmoidale;

X. noncomparable by absence of ossa lacrimale
aut ectethmoidale or articulatio lacrimo-ectethmoid-
alis (Apteryx, Anatoidea, Pelecanoides, Spheniscus,
Gavia, Podiceps, Fregata, Sula, Pelecanus, Cochle-
arius, Scopus, Ciconia, Phoenicopterus, Balaeniceps,
Thinocorus, Podargus, Aegotheles, Apodidae, Glau-
cis, Momotus, most Piciformes and Passeriformes).

Note.—See: Technau (1936); Chu (1998: appendix
1, character 36).
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0252. Margo supraorbitalis, dorsolateral expan-
sion from axis majoris craniofacialis into rima supra-
orbitalis (new term), status:

a. absent, margo orbitalis smooth;

b. present, rima moderately distinct.

Note.—Primarily or completely encompassed by
os frontale. See: Holtz (1994a: appendix 1, character
76); Livezey (1997a: appendix 1, character 9; corri-
genda, Livezey 1998a); Chure (1998); Livezey
(1998b: appendix A, character 69); Holtz (2000
[1998]: appendix I, character 46); Hughes (2000: ap-
pendix 2, character 4). In Charadriiformes, treated
by Strauch (1985: character 5) for Alcidae, and Chu
(1998: appendix 1, character 5) for Laridae, variably
confounded by variation in the sulcus glandulae na-
salis.

0253. Margines supraorbitales, regio interorbitalis
dorsalis (dorsal perspective), forma:

a. concave, regio interorbitalis dorsalis distinctly
narrow, producing an “hourglass” profile;

b. sublinear to slightly concave, regio interorbit-
alis dorsalis not differing markedly from, or confor-
mal with general caudorostral taper between, adja-
cent regiones.

Note.—Primarily or completely encompassed by
ossa frontales; pronounced effects caused by ossa
lacrimales to be discounted.

See: Livezey (1998b: appendix A, character 71).

0254. Margo infraorbitalis, arcus suborbitalis, evi-
dently representing ligamentum suborbitale ossifi-
cans, status:

a. absent; b. present.

Note.—Sece: Livezey (1986: appendix 1, character
10); Livezey (1995a: appendix 1, character 1);
Livezey (1996a: appendix 1, character 1). Confamil-
ials of exemplars of Anatidae (Dendrocygna),
Scolopacidae (Scolopax, Gallinago, and Lim-
nocryptes), and Trichoglossus (some Psittaciformes)
also show apomorphy of this character.

Rostrum Maxillae (Maxilla)

0255. Hiatus craniofacialis septi osseum, status de-
finitivum:

a. present, septum nasi variably manifested;

b. absent, forming a continuous medial lamina os-
sea craniofacialis (new term), and rostrum parasphe-
noidale that passes rostrad to processes maxillaris
nasale aut nasalis maxillare.

Note.—Apomorphy is most obvious in taxa pos-
sessed of extensive, lateroventrally conspicuous ros-
trum parasphenoidales or expanded margo ventralis
septi; associated with rostro-cranial kinesis. Some
confamilials of taxa Scolopacidae (e.g., Scolopax,
Gallinago, Limnodromas) and Trochilidae (e.g., En-
sifera), lacking hiatus craniofacialis, possess a con-
tinuous medial lamina ossea craniofacialis (new
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term), but rostrum parasphenoidale fails to pass ros-
trad to processes maxillaris nasale aut nasalis maxil-
lare.

See: Butendieck (1980); Butendieck and Wissdorf
(1981); Butendieck et al. (1981); Biihler et al. (1988);
Baumel and Witmer (1993: annotation 10); Norell
and Clarke (2001: appendix I, character 26), and
treated similarly by J. A. Clarke (2002: appendix I,
character 26) and J. A. Clarke and Norell (2002:
appendix 2, character 26), treated in part in terms of
septum interorbitalis; Zhou and Zhang (2002: ap-
pendix III, character 26), in which continuity of septa
interorbitalia was attributed solely to derivatives of
os mesethmoidale; G. Mayr and Clarke (2003: ap-
pendix A, character 10), in terms of rostral continu-
ity of septa.

Rostrum maxillae

Note.—Previous treatments have been limited
largely to lower-scale contexts (e.g., Livezey 1986;
James et al. 2003), a scale that permits more subtle
differences to be coded without intermediacy or ex-
ception and avoids problems of comparability
among higher-order taxa.

0256. Facies dorsalis rostri, diastema subnarialis at
sutura premaxillaro-maxillaris, margo tomialis (al-
veolus), status:

a. absent; b. present;
x. noncomparable by absence of alveoli et dentes
(Neornithes).

Note.—Sutural modifications related to this hia-
tus commonly manifested by difference in dorsoven-
tral positions of margines tomiales of ossa premax-
illare et maxillare, and typically effects diastemae in
alveoli maxillae et/aut dentales; one or more dia-
stema maxillae et dentale with corresponding, vari-
ably recurved dentes falchioniformes (new term;
“fangs”) typify the Crocodylia (Romer 1956), often
with maxillary “fangs” passing entirely laterad to
mandibula with mandibular counterparts accommo-
dated by foveae dentorum dorsales (latter evidently
derived from primordia for alveoli dentales). See:
Welles (1984); Gauthier (1986); Rowe (1989);
Rauhut (2003: character 9), regarding “subnarial
gap”; Novas et al. (2004: appendix, character 44).

0257. Rostrum macxillae, crista tomialis, lateroven-
tral convexity continuous from gape to base of
hamulus terminalis, status:

a. absent; b. present.

0258. Rostrum maxillae, facies ventralis rostri,
sulcus paratomialis (new term), status et extentio
(ordered):

a. absent;

b. present, rudimentary or absent rostrad;

¢. present to apex.
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Note.—Sulcus paratomialis is distinct from gape
to apex of the rostrum, delimited throughout by me-
dial linea, and terminating caudally through fluted
antrum. Excludes the abbreviated sulci of some Pro-
cellariformes and Ciconiiformes. See: Cracraft (1985:
character 4); Ericson (1997: table 1, character 14); G.
Mayr (2003a: appendix 1, character 4).

0259. Rostrum maxillae, facies dorsalis rostri, fo-
ramen (suturalis maxillaro-premaxillaris) subnasalis
(new term), status et forma (unordered):

a. present, a suborbiculate foramen;

b. present, a narrow fissura;

c. absent, suturae maxillaro-premaxillares com-
plete.

Note.—Variously referred to as “fenestra antor-
bitalis tertius” or “accessory antorbital fenestra,”
this lacuna suturalis is present in a number of non-
avian, principally basal Theropoda (Witmer 1997), in
which the sutura maxillaro-premaxillaris and an ex-
panse of os premaxillare are caudal to the margo
rostralis of the apertura nasalis (Sereno and Novas
1992: figs. 1 and 9-10). See: Sereno and Novas (1992:
appendix, character 15), in reference to a “subnarial
foramen”; Sereno et al. (1993: legend for fig. 3a);
J. M. Clark et al. (1994); Holtz (1994a: appendix 1,
character 6); Novas (1994 [1993]: appendix, charac-
ter 24), who included Tetanurae among taxa pos-
sessing foramen; Forster et al. (1998: supple-
ment, character 22); Xu et al. (1999b: character 20);
Holtz (2000 [1998]: appendix I, character 11), coding
Protarchaeopteryx, Caudipteryx, and Confuciusornis
as “0.”

0260. Rostrum maxillae, facies dorsalis rostri, me-
dial length relative to that of cranium (ordered):

a. 0.40-2.00; b. 2.01-3.00;

¢. 3.01-3.50; d. greater than 3.51.

Note.—Relative midline length is assessed by
chord from zona flexoria craniofacialis to apex di-
vided by length of remainder of skull. Note that in-
tervals associated with states “a”—“c” were 1.5, 1.0,
and 0.5, respectively. Failure of exemplars to be rep-
resentative of families especially vexing here. Com-
paratively common state “a” proved indivisible using
the method of Thiele (1993). See: Payne and Risley
(1976: character 1), regarding Ardeidae; Cracraft
(1982: series 1, character 3, part); Raikow (1994:
table 2, character 30); Livezey (1998b: appendix A,
character 45), for dorsoventral depth; Livezey
(1998b: appendix A, character 46), for lateromedial
width; Livezey (1998b: appendix A, character 47);
Xu (2002: suite I, character 72), using relative man-
dibular length.

0261. Rostrum maxillae, facies dorsalis rostri, fe-
nestra (suturalis maxillaro-premaxillaris) subnasalis
(new term), status:

a. present; b. absent.

Note.—Evidently caused by failure of ossa to
meet, thereby forming an intervening foramen aut
fissura maxillaro-premaxillaris, possibly indicative of
kinesis between the two elements of the rostrum
maxillare at the junctura maxillaro-premaxillaris.
This perforation is a comparatively small, orbiculate
foramen interposed within the sutura maxillaro-
premaxillaris, ventral to the fenestra subnasalis
(above), and variably dorsal to and more prominent
than the supratomial series of foramina neurovascu-
laria (Welles 1984; Gauthier 1986; Rowe 1989). This
laterorostral feature is distinct from the acces-
sorische Gamenlucken of Hofer (1949), termed fe-
nestra ventrolateralis (new term) herein, which is a
feature of the caudolateral apex of the palatum os-
seum and typically not visible in lateral perspective.

See: Gauthier (1986); Sereno and Novas (1992:
appendix, character 2), termed “premaxilla-maxilla
fenestra”; Holtz (1994a: appendix 1, character 25), in
reference to “premaxillary-maxillary fenestra” and
credited to Osborn (1912); also by Holtz (1994a: ap-
pendix 1, character 108), in reference to “pro-
nounced, round accessory antorbital fenestra”;
Sereno et al. (1994: footnote 12); Sereno et al. (1996:
footnote 45, character 1); K. Carpenter (1997); Sues
(1997: appendix 1, character 4); Makovicky and Sues
(1998: appendix 1, character 8), terming this feature
the “accessory maxillary fenestra”; Chatterjee (1999:
appendix II, character 9), refers to a “maxillary fe-
nestra” that is present in nonavian theropods, Ar-
chaeopteryx, and Avimimus, but lost in others; Xu et
al. (1999a: character 6); Ji et al. (2001), regarding
unnamed dromaeosaurid NGMC 91-A and absence
of “accessory antorbital foramen”; Norell et al.
(2001: appendix 1, character 4); J. M. Clark et al.
(2002a: appendix 2.2, character 28); Maryanska et al.
(2002: appendix 1, character 15), regarding “acces-
sory maxillary fenestrae”; Vickers-Rich et al. (2002),
concerning Avimimus; Xu (2002: suite I, character
75; suite II, character 23); Xu et al. (2002a: supple-
ment, character 20); Xu et al. (2002b); Hwang et al.
(2004: supplement, character 27); Xu and Norell
(2004: supplement, character 27).

0262. Rostrum maxillae, basis rostri (ossa maxil-
lare et palatinum), distension well ventrad (lateral
perspective) to crista tomialis et complement of
palatum osseum, status:

a. absent; b. present.

Note.—Ventralmost jugae of distension typically
composed of partes caudales of processes maxillares
palatini. See: Bourdon et al. (2005: appendix 1, char-
acter 38).

0263. Rostrum maxillae, facies dorsalis rostri, fe-
nestra suturalis maxillaro-premaxillaris (new term),
situs rostrocaudalis relative to fossa antorbitalis:

a. at margo rostralis of latter;
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b. caudal to margo rostralis of latter;

x. noncomparable (Neornithes).

Note.—See: Norell et al. (2001: appendix 1, char-
acter 6); J. M. Clark et al. (2002a: appendix 2.2, char-
acter 29); Xu (2002: suite II, character 242); Hwang
et al. (2004: supplement, character 28); Xu and
Norell (2004: supplement, character 28).

0264. Rostrum maxillae, facies dorsalis rostri, fe-
nestra suturalis maxillaro-premaxillaris (new term),
size:

a. small; b. large.

Note.—See: Norell et al. (2000: appendix 1, char-
acter 0).

0265. Rostrum maxillae, facies dorsalis rostri,
hamulus rostri maxillae osseum (new term), status:

a. absent; b. present.

Note.—Hamulus present where line from apex
maxillae, dorsally tangential to crista tomialis, de-
fines an angulus exceeding 45° (diagonality) with
line passing through sutura jugomaxillaris at the an-
terior terminus of arcus jugalis and dorsalmost point
of crista tomialis.

See: Cracraft (1985: character 5); Cracraft (1988:
series IX, character 4); Siegel-Causey (1988: charac-
ter 137); G. A. Clark (1993b: annotation 12); J. M.
Clark et al. (1994); Livezey (1998b: appendix A,
character 22); G. Mayr (2003a: appendix I, character
1); G. Mayr and Clarke (2003: appendix A, character
2); Dyke and van Tuinen (2004: appendix 1, charac-
ter 1); G. Mayr (2004b: appendix 1, character 1);
Bourdon et al. (2005: appendix 1, character 1).

0266. Rostrum maxillae, facies dorsales rostri,
eminentia internariales (new term), status (unor-
dered):

a. absent;

b. present, a single, median cornu or crista;

c¢. present, paired linear crista along ossa nasales,
extending onto margo rostralis of frons;

d. present, rugose tuberositae, including foveae et
cristulae.

Note.—See: Currie and Carpenter (2000: appen-
dix 1, character 6), pertaining to “sculpturing” of
ossa maxillare et nasale; Holtz (2000 [1998]: appen-
dix I, character 26); G. Mayr (2002a: fig. 2C), regard-
ing Scopus.

0267. Rostrum maxillae, facies dorsales rostri,
cristae nasolacrimales (new term), status:

a. absent; b. present, crescentiform.

Note.—See: Rowe (1989); Holtz (2000 [1998]: ap-
pendix I, character 27).

0268. Rostrum maxillae, latus rostri, virtual lin-
earity (lateral perspective) throughout basal three-
fourths of rostrum, status:

a. absent; b. present.

NO. 37

Note.—See: Payne and Risley (1976: character 1),
regarding Ardeidae.

0269. Rostrum maxillae, latus rostri, forma recur-
vatura, status:

a. absent; b. present.

Note.—Paralled by rostrum mandibulae. See:
Livezey (1997a: appendix 1, character 29; corrigenda,
Livezey 1998a); see related character by Livezey
(1997a: appendix 1, character 30; corrigenda, Livezey
1998a); Livezey (1997b: appendix 1, characters 2-3).

0270. Rostrum maxillae, latus rostri, forma decur-
vatura (lateral profile), status:

a. absent; b. present.

Note.—Apomorphy corresponds to uniform de-
curvature (lateral profile) in which a tangent line to
the midpoint of the culmen defines a 45° angulus
with planum of lamina basiparasphenoidalis.

See: Raikow (1994: table 2, character 28); Livezey
(1996a: appendix 1, character 4), with respect to ros-
trum; Livezey (1997b: appendix 1, character 1);
Veron (1999: appendix: character 16); Murray and
Vickers-Rich (2004: table 9, character 1).

0271. Rostrum macxillae, facies laterodorsalis ros-
tri, regio nasalis, pneumaticitas, magnitude:

a. limited; b. extensive.

Note.—See: Norell et al. (2001: appendix 1, char-
acter 3); J. M. Clark et al. (2002a: appendix 2.2, char-
acter 32); Vickers-Rich et al. (2002), concerning
Avimimus; Xu (2002: suite I, character 25; suite II,
character 78); Hwang et al. (2004: supplement, char-
acter 31); Xu and Norell (2004: supplement, charac-
ter 31).

0272. Rostrum maxillae, facies dorsalis rostri,
sulci nasi (new term), status:

a. absent;

b. present, complete to terminus rostri.

Note.—New term in reference to narrow groove
from rostral margin of apertura nasi ossea signifi-
cantly toward or to terminus of maxilla, the “nasal
groove” of Cottam (1957); manifested by overlying
rhamphotheca as well (Bang 1971). Comparatively
broad and shallow among Ciconiiformes, especially
some Ardeidae. Examinations of definitive sulci in-
dicative of possible ontogenetic origin from medio-
lateral closure of plesiomorphically elongate aper-
tura.

See: Payne and Risley (1976: characters 1-2), re-
garding Ardeidae; Cracraft (1985: character 4);
Cracraft (1988: series IX, character 3); G. Mayr
(2003a: appendix 1, character 4); G. Mayr and
Clarke (2003: appendix A, character 4); G. Mayr
(2004a: appendix 1, character 1); G. Mayr (2004b:
appendix 1, character 5); Bourdon et al. (2005: ap-
pendix 1, character 4).
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0273. Rostrum maxillae, facies dorsalis rostri,
sulci basi-laterales aperturae nasi ossea, foramina
neurovascularia et pneumatica, status:

a. absent; b. present, dense and prominent.

Note.—See: Gadow (1877); Jenkin (1957).

0274. Rostrum maxillae, facies dorsalis rostri (lat-
eral perspective), forma:

a. smoothly rounded, convexity with modest in-
crease in curvature immediately caudal to terminus
rostralis;

b. abruptly subcornuate, convexity with dramatic
increase in curvature immediately caudal to termi-
nus rostralis.

Note.—See: J. M. Clark et al. (1994); Currie et al.
(1994 [1993]), regarding caenagnathid theropod;
Holtz (2000 [1998]: appendix I, character 13; fig. 6).

0275. Rostrum macxillae, facies dorsalis rostri, dor-
soventral flattening and bilateral, subcircular round-
ing of anterior segment (which markedly exceeds
breadth of basal segment of rostrum), accompanied
by loss of ventral dimension of crista tomialis and
coplanar arrangement of all anterior components of
ossa premaxillares, as well as parallel conformation
of rostrum mandibulae, status:

a. absent; b. present.

Note.—See: Payne and Risley (1976: character 1),
regarding Ardeidae; Currie et al. (1994 [1993]), re-
garding caenognathid theropod.

0276. Rostrum maxillae, facies dorsalis rostri,
straight and pointed conformation virtually lacking
decurvature, crista tomialis (lateral perspective) ros-
tral to apertura nasi osseum straight, status:

a. absent;

b. present, including lateromedially narrow, fal-
chionate forms and comparatively broad, cuneate
forms.

Note.—See: Payne and Risley (1976: character 1),
regarding Ardeidae; Cracraft (1982: series 1, charac-
ter 3, part).

0277. Rostrum maxillae, facies dorsalis rostri,
forma characterized by elongation, broadening, and
apical rounding with parallel sides, status:

a. absent; b. present.

Note.—See: S. L. Olson and Feduccia (1980a: 15);
Livezey (1986: appendix 1, character 12); Livezey
(1989: table 1, character 12); Livezey (1991: appen-
dix 1, character 157); Livezey (1996a: appendix 1,
characters 4, 10, 12, and 13); Ericson (1997: table 1,
characters 15 and 20; table 2, characters 10 and 17);
Livezey (1997a: appendix 1, characters 31 and 33;
corrigenda, Livezey 1998a). Unique forms of Eury-
norhynchus (Charadriiformes) and Ajaia (Ciconii-
formes) not homologous with state “b,” separable by
violation of bilateral parallelism.

0278. Rostrum maxillae, apex (terminus) rostri,
convexitas terminalis, foramina neurovascularia, sta-
tus:

a. absent; b. present, variably prominent.

Note.—Vernacular synonym in Anseriformes is
“dertrum” or “nail.”

See: Livezey (1995b: appendix 1, character 3);
Livezey (1997a: appendix 1, characters 32 and 34;
corrigenda, Livezey 1998a). Eurynorhynchus (Char-
adriiformes) qualitatively distinct from state “b.”
Typically distinguished by contrasting pigmentation
of overlying integument.

0279. Rostrum maxillae, apex (terminus) rostri,
bulbositas apicalis (new term), status:

a. absent; b. present.

Note.—Bulbositates apicales typically occur in
parallel on rostrum mandibulae. Demarcated cau-
dally by pronounced jugum, externum differentiated
from rest of bill by pori pneumatici et foramina neu-
rovascularia, and accounting for roughly two-fifths
of length of bill.

0280. Rostrum maxillae, conformational Gestalt
rostri comprising: (i) distinctly triangular dorsoven-
tral and lateromedial form, (ii) dorsoventral com-
pression, (iii) variably prominent medial carina, (iv)
short but strong terminal hamulus, (v) mediocaudal
portion composed of triangular-shaped os maxillare,
and (vi) arcus jugalis with variable, largely lateral
orientation, status:

a. absent; b. present.

Note.—Descriptive of flattened, triangular bills of
caprimulgiform birds, usually associated functionally
with aerial capture of insect prey. See: G. Mayr
(2002a: appendix 1, character 6), with respect to
Caprimulgiformes; G. Mayr et al. (2003: appendix 1,
character 2); G. Mayr (2005b: appendix A, charac-
ter 6).

0281. Rostrum maxillae, conformational Gestalt
rostri principally characterized by extreme laterome-
dial and dorsoventral narrowness relative to rostro-
caudal length (i.e., variably long and slender, mani-
festing diversely curved or lanceolate form), status:

a. absent;

b. present, retained through adulthood.

Note.—Developing young showing apomorphic
state manifest similarity to those of young of
Hemiprocnidae and Apodidae showing apomorphy
in adult.

0282. Rostrum maxillae, facies dorsalis rostri, ba-
sis rostri (approximating basal one-fifth of maxillary
length), pronounced bilateral compression, status:

a. absent; b. present.

0283. Facies dorsalis rostri, extreme bilateral com-
pression rostral to apertura nasi ossea (approximat-
ing rostral two-thirds of maxillary length), status:

a. absent; b. present.
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0284. Rostrum maxillae, dorsum rostri (lateral
perspective), prominent ventral bowing of ossa max-
illares (primarily) et palatini near sutura palatino-
maxillaris, exposing significant expanses of palatum
rostral to the junctura (lateral perspective) of the
arcus jugalis with rostrum maxillae and ventral to
crista tomialis (if present), status:

a. absent; b. present.

Note.—Does not refer to simple ventral promi-
nence of processus palatini, but a bowing and promi-
nence of the entire complex.

0285. Facies ventralis rostri, medial carina (lateral
perspective) extending from sutura maxillaropalati-
nus to apex maxillae, and extending ventrad to crista
tomialis (coincident with synostosis interpremaxil-
laris), status:

a. absent; b. present.

Note.—Distinct from elongate, rounded jugum of
Phoenicopterus, which does not extend to apex.

0286. Rostrum maxillae, facies ventralis rostri, ex-
tremely deep concavity encompassing virtually the
entire structure, with associated extreme broadening
and pronounced, monotonic convexity throughout
length of facies dorsolateralis, status:

a. absent; b. present.

0287. Rostrum maxillae, facies ventralis rostri,
elongate, rounded, jugum medialis terminating cau-
dad to apex maxillae, status:

a. absent; b. present.

Note.—Not to be confused with comparatively
abbreviated, ventrally prominent carina that extends
to apex maxillae in Falco and Polyborus. See:
Gadow (1877); Jenkin (1957).

0288. Rostrum maxillae, facies ventralis rostri, re-
cessus caudalis rostri (new term), status:

a. absent; b. present.

Note.—In reference to uniquely deep concavitas
between pars rostralis palatini and arcus jugas, in the
deep, boxlike rostrum of Balaeniceps.

0289. Rostrum macxillae, facies ventralis rostri, fe-
nestra ventromedialis (new term), status et forma
(unordered):

a. present, variably prominent, confluent with fe-
nestra choanalis, producing aspect of “schizogna-
thy™;

b. present, prominent, partitioned from fenestra
choanalis by medial sutura vomeromaxillaris;

c. present, variably prominent, partitioned from
fenestra choanalis by medial synostosis of ossa max-
illares, processes palatini, producing aspect of “des-
mognathy”;

d. present, but vestigial, reduced to fissura or se-
ries of foramina, unless otherwise indicated, by en-
croachment of os(sa) spongiosum;

NO. 37

e. absent, typically through occlusion by os spon-
giosum;

x. noncomparable (Psittaciformes).

Note.—New term refers to a variably conformed
apertura medialis between the ossa maxillares in the
palatum osseum. Termed by Hofer (1949, 1955) as
Oberschnabellucke, related to “schizognathy” and
“desmognathy” of Huxley (1867) and Hofer (1955),
and considered in additional detail by Elzanowski
(1995). See: D. W. Thompson (1899); Swart (1946);
Simonetta (1957); Ligon (1967: table 1); Andors
(1992: table 2, character 10).

0290. Rostrum macxillae, facies ventralis rostri, fe-
nestra ventrolateralis (new term), status:

a. absent, not entirely circumlimited, lacking cau-
dal osseus lamina;

b. present, closed caudally by osseus pons maxil-
laro-jugalis (new term).

Note.—First new term refers to variably exposed
fenestra within os maxillare at basis rostralis of arcus
jugalis, formed by enclosure of spatium by “strut”
between processes palatinus et jugalis of os maxil-
lare—pons maxillaro-jugalis (new term)—united by
sutura jugomaxillaris. Termed by Hofer (1949) as
accessorische Gamenlucken or accessory fenestra,
also studied by Elzanowski (1995). Structure may be
present and dorsally occluded to form fovea; prob-
lematic for most Passeriformes; Laridae and Otidi-
dae variable, Pedionomidae deeply recessed, Psophi-
idae and Heliornithidae ventrally obstructed. Pons
maxillaro-jugalis is synonymous with strut “B” of
Zusi and Jehl (1970).

See also: Livezey (1998b: appendix A, characters
29 and 41); the “strut” (here pons maxillaro-jugalis)
apparently identical to “maxillopalatine strut” of
many Charadriiformes defined by Strauch (1978:
characters 14-17) and Strauch (1985: character 1),
and reanalyzed by Bjorklund (1994: appendix) and
Chu (1995).

Arcus jugalis

0291. Synostosis maxillo-arcualis (lateral perspec-
tive of tomium), angulus rostroventralis (ordered):

a. 180° or more, i.e., arcus jugalis descends ven-
trad relative to palatum osseum;

b. 170°-180°, i.e., arcus jugalis essentially coplanar
with palatum osseum;

c. 160°-170°, i.e., arcus jugalis defining moderate
angulus with palatum osseum;

d. 150°-160°, i.e., arcus jugalis defining pro-
nounced angulus with palatum osseum;

e. 150° or less, i.e., approximating diagonality be-
tween arcus jugalis and palatum osseum.

Note.—Curvature of arcus jugalis manifested in
Spheniscus, Cathartes, Aegotheles, and Caprimulgus
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necessitated defining angulus using only rostral por-
tion of arcus. Reflects in part degree of “airen-
cephaly.” See: Livezey (1998b: appendix A, charac-
ter 42).

0292. Junctura maxillo-arcualis (new term) rela-
tive to terminus caudalis of tomium maxillae (lateral
perspective), situs dorsoventralis (unordered):

a. approximately coplanar with tomium;

b. distinctly dorsal to tomium, intersecting ap-
proximately one-fourth of dorsoventral height of
maxilla dorsal to tomium at margo caudalis;

c. moderately dorsal to tomium, intersecting ap-
proximately one-third of dorsoventral height of max-
illa dorsal to tomium at margo caudalis;

d. markedly dorsal to tomium, intersecting ap-
proximately one-half of dorsoventral height of max-
illa dorsal to tomium at margo caudalis.

Note.—See: Hughes (2000: appendix 2, character
20).

0293. Aspectus comprising truncation, laterome-
dial compression, and markedly increased relative
robustness, status:

a. absent; b. present.

Note.—Autapomophic form of arcus in Balaeni-
ceps, notably similar in some Pseudodontornis (Har-
rison and Walker 1976a: figs. 15-16), and perhaps
vaguely approached by some Psittaciformes.

0294. Abrupt longitudinal torsion and distinct sul-
cus on facies ventralis of arcus, including a triangular
facies articularis, approximately coincident with su-
tura jugomaxillaris, status:

a. absent; b. present.

Note.—Conformation to accommodate ramus
mandibulae, margo dorsalis. See: Gadow (1877);
Jenkin (1957).

0295. Gross shape and robustness of arcus, status:

a. robust; b. thin and straight.

Note.—See: Ostrom (19764, ¢); J. M. Clark et al.
(1994); Forster et al. (1998: supplement, character
11); Xu et al. (1999b: character 11); Holtz (2000
[1998]: appendix I, character 36), attributing “subor-
bital bar” to os lacrimale; Xu et al. (2000: supple-
ment, character 9).

0296. Relative caudal extents of os jugale, proces-
sus caudodorsalis (new term) et processus caudoven-
tralis (new term) of os quadratojugale, situs within
arcus (unordered):

a. processes dorsalis et ventralis approximately
equal in caudal extent;

b. processus dorsalis extending significantly cau-
dad to processus ventralis;

¢. processus ventralis extending significantly cau-
dad to processus dorsalis.

Note.—See: Currie and Carpenter (2000: appen-

dix 1, character 18); Holtz (2000 [1998]: appendix I,
character 60).

0297. Reduction of arcus to extremely thin, fila-
mentous form, status:

a. absent, although including considerable varia-
tion in diameter and flexibility;

b. present.

Note.—Apomorphic state typically fails to hold
shape in dried skeleton.

0298. Pronounced lateral bowing (convexity) of
arcus, status:

a. absent, arcus essentially straight;

b. present, moderate, manifested as continuous
curvature, or subangularity in rostral segment.

0299. Pronounced ventral bowing (convexity) of
arcus, status:

a. absent;

b. present, position of termination of curvature
rostrally producing almost sigmoid conformation in
lateral view.

Note.—See: Zusi (1975); Stephan (1979), a com-
prehensive atlas of Spheniscidae.

0300. Sectio caudalis (presumptively os quadrato-
jugale), distinct lateral bowing of arcus immediately
cranial to condylus quadraticus to accommodate os
quadratum, condylus lateralis, status:

a. absent; b. present.

Note.—See: Livezey (1997a: appendix 1, charac-
ter 48; corrigenda, Livezey 1998a).

0301. Pronounced, subangular decurvature of ar-
cus in which dorsalmost point of arcus is ventral to os
lacrimale, processus orbitalis, status:

a. absent; b. present.

0302. Margo dorsalis of arcus, lateromedially
compressed flange at approximate midpoint of arcus,
status:

a. absent; b. present.

Note.—May represent tuberculum ligamentum
anulus sclerae.

0303. Rostroventrally oriented flange of arcus im-
mediately caudal to junctura maxillaris, status:
a. absent; b. present.

0304. Foramen pneumaticum arcualis (new term)
and significant investment by cellulae pneumaticae,
status:

a. absent; b. present.

Note.—Limited, variable pneumaticitas rostralis
of ossa jugales in large Psittaciformes and Buceroti-
dae.

Palatum osseum

Note.—The classical palatal “types” of modern
birds proposed by Huxley (1867), revised in impor-
tant details by Pycraft (1900, 1901), have a long tra-
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dition of citation as “characters” for systematic clas-
sification and limited, variably controversial inclu-
sion in phylogenetic (cladistic) analyses. The latter
included some seemingly contradictory treatments—
e.g., Cracraft (1988: 345) eschewed the “palaecogna-
thous palate” as a typological abstraction not ame-
nable to direct analysis, while including the “aegi-
thognathous palate” as a synapomorphy of
Passeriformes (Cracraft 1988: series XX, character
1). Similarly, Raikow (1982: character 1) included
the “aegithognathous palate” as a synapomorphy of
Passeriformes, while noting historical and personal
difficulties of diagnosis, e.g., variation in the “max-
illopalatine processes,” a focal, innovative element
in the original treatise by Huxley (1867). Prum
(1988: character 28) cited two of the classical types
with respect to the piciforms, whereas Prum (1988:
characters 13, 15, 16, 21, 22, and 24) also cited other
aspects of the vomer, ossa palatini, et ossa maxil-
lares. The other “types” proposed by Huxley
(1867)—“schizognathous” and “desmognathous”—
met with even less success, at least as indicated by
subsequently published works (Zusi and Livezey
2006). The “secondary palate” (palatum osseum)
was considered paleontologically by: Houde (1988:
table 27, character 6); Holtz (2000 [1998]: appendix I,
character 72); Xu et al. (2002a: supplement, charac-
ter 18), with respect to two states differing by inclu-
sion of (a) os premaxillare only or (b) ossa premax-
illare, maxillare, et vomeris.

Broad segments of the palatum osseum are in
most respects consonant with those defined by We-
ber (1996) and Zusi and Livezey (2006):

Sectio rostralis—QOssa premaxillare, maxillare,
dentes (rostrum maxillae proprius).

Sectio intermedius.—QOssa palatinum, vomeris, et
jugale (secondary palate).

Sectio caudalis—Ossa pterygoideum, ectoptery-
goideum, mesopterygoideum, et quadratum (junc-
tura between palatum osseum sensu stricto and man-
dibula).

In light of treating these explicitly topological cat-
egories—(i) based on complexes of a number of
separate, critical skeletal elements; (if) diagnostic
criteria afflicted with multiple difficulties; and (iii)
numerous taxa showing intermediate or exceptional
combinations of characters—these traditional cat-
egories were dispensed with for purposes of analysis.
Instead, as for other anatomical systems surveyed,
characterizations included states of separate bones,
muscles, or unique structural interfaces among these
in the descriptions and reconstructions in our col-
laborative works.

0305. Palatum osseum (‘“secondary palate”), ossa
inclusivae:

a. ossa premaxillares only;

b. ossa premaxillares, maxillares, et vomera.

NO. 37

Note.—See: Witmer and Martin (1987: character
9), regarding “processus palatinus forming false pal-
ate”; Norell et al. (2001: appendix 1, character 31); J.
M. Clark et al. (2002a: appendix 2.2, character 26);
Xu (2002: suite II, character 73); Hwang et al. (2004:
supplement, character 25); Xu and Norell (2004:
supplement, character 25).

0306. Palatum osseum, recessus pterygoidei (new
term), status:

a. absent; b. present.

Note.—We provisionally list this apomorphy un-
der a name listed in the Nomina (Baumel et al. 1993)
but not annotated or attributed to any taxon; further
specification was effected by the inclusion of the pri-
mary formative elements (ossa pterygoidea), al-
though it remains possible that the ossa palatini con-
tribute minimally ventrolaterally (see McDowell
1948: fig. SB). See: Houde (1988: 19), in reference to
“pterygoid fossa” in Lithornis.

0307. Canalis neurovascularis maxillae, foramina
neurovascularia, status and forma:

a. foramina neurovascularia superficial and perfo-
rate facies superficialis of os dentale;

b. foramina neurovascularia enclosed within deep
sulcus labialis (new term) of os dentale.

Note.—See: Norell et al. (2000: appendix 1, char-
acter 7), termed “dentary labial foramina”; Xu et al.
(2002a: supplement, character 53).

Dentes

0308. Dentes premaxillares, status:

a. present;

b. absent, rostrum maxillae typically edentulous.

Note.—See: Howgate (1984); Cracraft (1986: ap-
pendix, character 2); Gauthier (1986: text character
38); Cracraft (1988: series IV, character 1), pertain-
ing to loss of dentes in all elements; Houde (1988:
table 27, character 3); Cracraft and Mindell (1989:
table 1, character 1); Chatterjee (1991: characters 9,
11, 22, and 29); Sereno and Rao (1992); Baumel and
Witmer (1993: 80); Chiappe and Calvo (1994: appen-
dix I, character 4); J. M. Clark et al. (1994); Holtz
(1994a: appendix 1, character 119); Russell and
Dong (1994a [1993a]: table 2, character 2); Chatter-
jee (1995: character 1); Chiappe (1995b: character 4);
Elzanowski (1995: characters ES and N’8); Sanz et al.
(1995, 1997: character 4); Chiappe (1996b: character
4); Chiappe et al. (1996: appendix 1, character 4);
Hou et al. (1996: characters 2-3); Sues (1997: appen-
dix 1, character 2); D. A. Winkler et al. (1997: ap-
pendix 1, character 1); Forster et al. (1998: supple-
ment, character 1); Makovicky and Sues (1998: ap-
pendix 1, character 1); Xu et al. (1999a: character 4);
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Xu et al. (1999b: character 1); Azuma and Currie
(2000: appendix 1, character 104); Holtz (2000
[1998]: appendix I, character 2); Zhou et al. (2000);
Chiappe (2001a: appendix 1, character 5, part); J. A.
Clarke and Chiappe (2001: character 55); Currie and
Chen (2001); Norell and Clarke (2001: appendix I,
character 2), similarly by J. A. Clarke (2002: appen-
dix I, character 2), J. A. Clarke and Norell (2002:
appendix 2, character 2), and J. A. Clarke (2004:
appendix 1, character 2); Norell et al. (2001: appen-
dix 1, character 82); Chiappe (2002: appendix 20.2,
character 5, part); Chiappe and Walker (2002: ap-
pendix 11.1, character 1); J. M. Clark et al. (2002a:
appendix 2.2, character 82); Maryanska et al. (2002:
appendix 1, character 95); Sereno et al. (2002), re-
garding Sinornis; Xu (2002: suite II, character 116);
Xu et al. (2002a: supplement, character 61); Xu et al.
(2002b); Zhou and Zhang (2002: appendix III, char-
acter 2); Hwang et al. (2004: supplement, character
81); Xu and Norell (2004: supplement, character 81).
Cracraft (1986: appendix, character 2) and J. M.
Clark et al. (2001a) referred simply to presence or
absence of teeth (regardless of form or supporting
element); Gauthier (1986: text character 38) ex-
tended issue to caudal extent. Pérez-Moreno et al.
(1994: legend for fig. 3, character 1) and Holtz (2000
[1998]: appendix I, character 126) encoded a two-
state character pertaining to the total numbers of
teeth present in the entire skull; similarly Holtz (2000
[1998]: appendix I, character 127) characterized
numbers of dentes dentales relative to dentes max-
illares. Pérez-Moreno et al. (1994: legend for fig. 3,
character 1) also included a character for the pres-
ence-absence of teeth (regardless of foundational
maxillary or mandibular element); Norell et al.
(2000: appendix 1, character 1), similarly contrasted
“few” (< 100) with “numerous” (> 100) dentes;
Norell et al. (2001: appendix 1, character 88), J. M.
Clark et al. (2002a: appendix 2.2, character 87), Xu
(2002: suite II, character 119), Hwang et al. (2004:
supplement, character 85), Xu and Norell (2004:
supplement, character 85), characterized both dentes
dentales et maxillares in a single character; Ji et al.
(2003b), regarding Shenzhoursaurus; Ji et al. (2005:
supplement, part I, character 2).

0309. Dentes premaxillares, numerus per latus
(ordered):

a. zero (edentuly); b. one to three;

¢. four; d. four to seven;

x. noncomparable by edentuly (Neornithes).

Note.—See: J. D. Harris (1998: appendix 2, char-
acter 47); Sereno et al. (1998: footnote 22, character
19); Holtz (2000 [1998]: appendix I, character 3);
Vickers-Rich et al. (2002), for Avimimus; Rauhut
(2003: characters 5 [number] and 81 [presence]); Xu
et al. (2002b).

0310. Dentes premaxillares, axis majoris porticalis
(of arcade), situs:

a. rostrocaudal; b. mediolateral;

x. noncomparable by edentuly (Neornithes).

Note.—See: Holtz (1994b: appendix 7.1, charac-
ter 2).

0311. Dentes maxillares, status:

a. present; b. absent;

x. noncomparable by edentuly (Neornithes).

Note.—See: Cracraft (1986: appendix, character
2) and Cracraft and Clarke (2001: appendix 2, char-
acter 1), referred simply to presence or absence of
teeth (regardless of form or supporting element or in
“maxilla and dentary,” respectively); Gauthier
(1986: text character 38), extended issue to caudal
extent; Cracraft (1988: series IV, character 1), per-
taining to loss of all dentes, regardless of element;
Cracraft and Mindell (1989: table 1, character 1);
Chatterjee (1991: characters 9, 11, 22, and 29);
Baumel and Witmer (1993: 80); J. M. Clark et al.
(1994); Holtz (1994a: appendix 1, character 56);
Pérez-Moreno et al. (1994: legend for fig. 3, charac-
ter 3), who included a general comparison of size of
“maxillary” and “dentary” teeth; Chatterjee (1995:
character 1); Chiappe (1995b: character 4); Elza-
nowski (1995: characters ES and N’8); Sanz et al.
(1995, 1997: character 4); Chiappe (1996b: character
4); Hou et al. (1996: characters 2-3); Sues (1997: ap-
pendix 1, character 5); Xu et al. (1999a: character
22); Azuma and Currie (2000: appendix 1, character
104, part); Holtz (2000 [1998]: appendix I, character
12); Zhou et al. (2000); Chiappe (2001a: appendix 1,
character 5, part); J. A. Clarke and Chiappe (2001:
character 55); Currie and Chen (2001: 1711), in ref-
erence to Sinosauropteryx; Norell and Clarke (2001:
appendix I, character 3), treated similarly by J. A.
Clarke (2002: appendix I, character 3), J. A. Clarke
and Norell (2002: appendix 2, character 3), and J. A.
Clarke (2004: appendix 1, character 3); Norell et al.
(2001: appendix 1, character 84); Chiappe (2002: ap-
pendix 20.2, character 5, part); J. M. Clark et al.
(2002a: appendix 2.2, character 84); Maryanska et al.
(2002: appendix 1, character 96), in reference to Ovi-
raptorosauria; Vickers-Rich et al. (2002), concerning
Avimimus; Xu (2002: suite 11, character 117); Xu et
al. (2002a: supplement, character 62); Xu et al.
(2002b); Zhou and Zhang (2002: appendix III, char-
acter 3); G. Mayr and Clarke (2003: appendix A,
character 1); Rauhut (2003: character 82), who con-
sidered simple status of dentes maxillares et dentales
as a single character by correlation; Hwang et al.
(2004: supplement, character 83); Xu and Norell
(2004: supplement, character 83); Ji et al. (2005:
supplement, part I, character 3).

0312. Dentes dentales (mandibulae), status:
a. present; b. absent;
x. noncomparable by edentuly (Neornithes).
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Note.—See: Cracraft (1986: appendix, character
2); Gauthier (1986: text character 38), extended issue
to caudal extent; Currie (1987), regarding avianlike
characteristics of dentes of troodontids; Cracraft
(1988: series IV, character 1), pertaining to loss of all
dentes, regardless of element; Cracraft and Mindell
(1989: table 1, character 1); Chatterjee (1991: char-
acters 9, 11, 22, and 29); Sereno and Rao (1992);
Baumel and Witmer (1993: 80); J. M. Clark et al.
(1994); Holtz (1994a: appendix 1, character 120);
Pérez-Moreno et al. (1994: legend for fig. 3, charac-
ter 3), who included a general comparison of size of
“maxillary” and “dentary” teeth; Russell and Dong
(1994a [1993a]: table 2, characters 18-19, part), con-
strued in terms of relative numbers in os dentale vs.
os maxillare or possibly rostrum maxillae; Chatterjee
(1995: character 1); Chiappe (1995b: character 4);
Currie (1995: appendix, character 2), regarding
subtle differences in curvature of the carinae ros-
trales of dentes dentales; Elzanowski (1995: charac-
ters ES and N’8); Sanz et al. (1995, 1997: character
4); Chiappe (1996b: character 4); Chiappe et al.
(1996: appendix 1, character 92, part); Hou et al.
(1996: characters 2-3); Sues (1997: appendix 1, char-
acter 18); Makovicky and Sues (1998: appendix 1,
character 2); Sereno et al. (1998: footnote 22, char-
acter 26); J. A. Wilson and Sereno (1998: appendix,
character 67), including tallies among Sauropoda;
Xu et al. (1999a: character 23); Azuma and Currie
(2000: appendix 1, character 104, part); Holtz (2000
[1998]: appendix I, characters 104 and 127); J. A.
Clarke and Chiappe (2001: character 55); Cracraft
and Clarke (2001: appendix 2, character 1), in refer-
ence to presence of teeth regardless of supporting
element; Currie and Chen (2001: 1711), in reference
to Sinosauropteryx; Ji et al. (2001), regarding un-
named dromaeosaurid NGMC 91-A; Norell and
Clarke (2001: appendix I, character 4), treated simi-
larly by J. A. Clarke (2002: appendix I, character 4),
J. A. Clarke and Norell (2002: appendix 2, character
4), and J. A. Clarke (2004: appendix 1, character 4);
Maryanska et al. (2002: appendix 1, character 97), in
reference to Oviraptorosauria; Sereno et al. (2002),
regarding Sinornis; Xu et al. (2002a: supplement,
character 64), who related dentes of mandibula and
rostrum maxillae in terms of both number and size;
Zhou and Zhang (2002: appendix I1I, character 4); Ji
et al. (2003b), regarding plesiomorphic ornithomi-
mosaur Shenzhoursaurus; Rauhut (2003: character
82), who considered presence of dentes maxillares et
dentales as a single character; Makovicky and Norell
(2004: character 217); Xu and Norell (2004: supple-
ment, character 217); Ji et al. (2005: supplement, part
I, character 4).

0313. Dentes of rostri maxillae et mandibulae, im-
plantation, typus:
a. separate alveoli osseae;

NO. 37

b. sulcus communis;

x. noncomparable by edentuly (Neornithes).

Note.—See: Chiappe et al. (1996: appendix 1,
character 92, part); L. D. Martin and Stewart (1999);
Sereno (1999: character 142); Holtz (2000 [1998]: ap-
pendix I, character 134), with respect to “sockets”
and “paradental groove”; Chiappe (2001a: appendix
1, character 27); Chiappe (2002: appendix 20.2, char-
acter 27); Suzuki et al. (2002: character 5).

0314. Dentes premaxillares, maxillares, et den-
tales (“dentes rostrales”), circumsulcus (“constric-
tion” or “waist”) demarcating corona (“crown”
from radix (“root”), status:

a. absent on all dentes;

b. present, at least on dentes rostrales;

x. noncomparable by edentuly (Neornithes).

Note.—See: L. D. Martin et al. (1980); Gauthier
(1986: 12, unindexed synapomorphy of Avialae); J.
M. Clark et al. (1994); Holtz (1994a: appendix 1,
character 126); Pérez-Moreno et al. (1994: legend for
fig. 3, character 4); Russell and Dong (1994a [1993a]:
table 2, character 20, part); Russell and Dong (1994b
[1993b]: troddontid character 9); Chiappe (1995a:
fig. 1); Hou et al. (1996: character 4); Novas (1996:
appendix, character 63); Novas (1997: appendix,
character 64); Novas and Puerta (1997), identically
treated by Novas (1997); Forster et al. (1998: supple-
ment, character 4); Makovicky and Sues (1998: ap-
pendix 1, character 3); Xu et al. (1999a: character 29,
modified); Xu et al. (1999b: character 4, modified);
Holtz (2000 [1998]: appendix I, character 130); Xu et
al. (2000: supplement, character 3, ordered); Ji et al.
(2001), regarding unnamed dromaeosaurid NGMC
91-A; Norell et al. (2001: appendix 1, character 92);
J. M. Clark et al. (2002a: appendix 2.2, characters
90-91); Xu (2002: suite II, character 122); Xu et al.
(2002a: supplement, character 67); Rauhut (2003:
character 87); Hwang et al. (2004: supplement, char-
acter 88); Xu and Norell (2004: supplement, charac-
ter 88).

0315. Dentes premaxillares, dens secundus, size
relative to dentes tertius et quartus:

a. smaller than or approximately equal;

b. significantly larger;

x. noncomparable by edentuly (Neornithes).

Note.—Where dentes present, this character
treats heterogeneity of overall size (height) along
axis craniocaudalis. See Currie (1995: appendix,
character 4); Sereno et al. (1998: footnote 22, char-
acter 38); Xu et al. (1999b: character 84); Xu et al.
(2000: supplement, character 64), with respect to
“secondary premaxillary tooth, size relative to third
and fourth premaxillary teeth”; Norell et al. (2001:
appendix 1, character 83); J. M. Clark et al. (2002a:
appendix 2.2, character 83); Xu (2002: suite I, char-
acter 11; suite II, character 230); Xu et al. (2002a:
supplement, character 175); Xu et al. (2002b);
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Hwang et al. (2004: supplement, character 82); Xu
and Norell (2004: supplement, character 82).

0316. Dentes premaxillares et maxillares, relative
size and rostrocaudal spacing in seriatum:

a. uniform, dentition homodontous;

b. progressive decline in size (and increase in den-
sity and apparent appression) from rostral to (at
least) middle elements, in some diminishing in size
and attaining even higher numbers of dentes per unit
of enclosing element farther caudad;

x. noncomparable by edentuly (Neornithes).

Note.—Where dentes present, this character
treats heterogeneity of overall size (height) along
craniocaudal axis. See: Sereno et al. (1993: legend for
fig. 3a); Russell and Dong (1994b [1993b]: troodon-
tid character 8); Sereno et al. (1998: footnote 22,
character 38); Zhao and Xu (1998); Sereno (1999:
character 144); Xu et al. (1999a: character 25); J. M.
Clark et al. (2002a: appendix 2.2, character 92), in-
cluding craniocaudal heterogeneity in spatia inter-
dentales, numbers of dentes; Suzuki et al. (2002:
character 6); Xu (2002: suite II, character 123); Xu et
al. (2002a: supplement, character 68); Hwang et al.
(2004: supplement, character 89); Xu and Norell
(2004: supplement, character 89).

0317. Dentes dentales, bilateral pair of distinctly
enlarged, “fanglike” dentes—often associated with
occlusal diastema between ossa premaxillare et max-
illare or diastema within dentes maxillares, status:

a. absent; b. present;

x. noncomparable by edentuly (Neornithes).

Note.—See: Gauthier (1986: text character 36); J.
D. Harris (1998: appendix 2, character 48); Rauhut
(2003: character 83).

0318. Dentes premaxillares et maxillares, caudal-
most locus of dens relative to orbita (ordered):

a. locus at level of midpoint of orbita;

b. locus at level of margo rostralis of orbita;

c. locus rostral to os lacrimale, processus orbitalis;

x. noncomparable by edentuly (Neornithes).

Note.—See: Gauthier (1986); Holtz (1994a: ap-
pendix 1, character 110); Sereno et al. (1994: foot-
note 12); Sereno et al. (1996: footnote 45, character
6); J. D. Harris (1998: appendix 2, character 3); Ma-
kovicky and Sues (1998: appendix 1, character 6);
Sereno et al. (1998: footnote 22, character 8); Currie
and Carpenter (2000: appendix 1, character 5); Holtz
(2000 [1998]: appendix I, character 133); Maryanska
et al. (2002: appendix 1, character 96); Rauhut (2003:
character 70).

0319. Dentes generales, forma sensu (i) recurved
vs. foliform, (ii) bilateral compression, and (iii) size
of denticulae aut serratia:

a. recurved, acuminate, with small serratia;

b. foliform (“leaf-shaped”) with enlarged serratia;

x. noncomparable by edentuly (Neornithes).

Note.—Treats relative size and shape of teeth
(where present) in various parts of the dentition af-
ter Rauhut (2003: character 86). See: Ostrom
(1976a); Farlow et al. (1991); Abler (1992); Sereno et
al. (1993: legend for fig. 3a); J. M. Clark et al. (1994);
Russell and Dong (1994b [1993b]: troddontid char-
acter 9); Currie (1995: appendix, character 2), re-
garding curvature of the carinae rostrales of dentes
dentales; Forster et al. (1998: supplement, character
3); Sereno et al. (1998: footnote 22, character 35);
Zhao and Xu (1998); Xu et al. (1999a: character 27);
Xu et al. (1999b: character 3); Xu et al. (2000: supple-
ment, character 2); Rauhut (2003: character 86).

0320. Dentes premaxillares, forma coronae (plana
transversalia dentalium):

a. subovate to subcircular;

b. asymmetrical or “D-shaped,” i.e., having flat-
tened facies lingualis but convex facies externus;

x. noncomparable by edentuly (Neornithes).

Note.—See: Holtz (1994a: appendix 1, character
126); J. A. Wilson and Sereno (1998: appendix, char-
acter 32), regarding Sauropoda; Norell et al. (2001:
appendix 1, character 93); J. M. Clark et al. (2002a:
appendix 2.2, character 94); Xu (2002: suite II, char-
acter 125); Xu et al. (2002a: supplement, character
70); Brochu (2003); Hwang et al. (2004: supplement,
character 91); Xu and Norell (2004: supplement,
character 91); Ji et al. (2005: supplement, part I,
character 205).

0321. Dentes premaxillares, congruentia, status
(plana transversalia dentalium):

a. symmetrical, typically conical;

b. asymmetrical, typically strongly convex on fa-
cies labialis, relatively flattened on facies lingualis;

¢. incisiform, diminutive;

x. noncomparable by edentuly (Neornithes).

Note.—See: Bakker et al. (1988); Holtz (1994a:
appendix 1, character 126); J. D. Harris (1998: ap-
pendix 2, character 46); Sereno et al. (1998: footnote
22, character 17); Currie and Carpenter (2000: ap-
pendix 1, character 41); Holtz (2000 [1998]: appendix
I, character 132).

0322. Dentes dentales definitivum (if present), co-
rona, serratia et/aut denticulae, status:

a. present; b. absent throughout;

x. noncomparable by edentuly (Neornithes, in-
cluding Lithornis).

Note.—See: Gauthier (1986: 12, unindexed syn-
apomorphy of Avialae); Abler (1992); J. M. Clark et
al. (1994); Chiappe et al. (1996: appendix 1, character
71); Novas (1996: appendix, character 62); Novas
(1997: appendix, character 63); Novas and Puerta
(1997), see identical characters in Novas (1997); Chi-
appe et al. (1998: character 12); Ji et al. (1998:
supplement, character 12); Makovicky and Sues
(1998: appendix 1, character 5); Sereno et al. (1998:
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footnote 22, character 36); J. A. Wilson and Sereno
(1998: appendix, character 78), regarding presence in
Sauropoda; Holtz (2000 [1998]: appendix I, character
128); Norell et al. (2000: appendix 1, character 2),
using simple presence-absence scheme (element un-
specified); Chiappe (2001a: appendix 1, character
28); Currie and Chen (2001: 1711), in reference to
Sinosauropteryx; Norell and Clarke (2001: appendix
I, character 5), treated similarly by J. A. Clarke
(2002: appendix I, character 5), J. A. Clarke and
Norell (2002: appendix 2, character 5), and J. A.
Clarke (2004: appendix 1, character 5); Ji et al.
(2001), regarding unnamed dromaeosaurid NGMC
91-A; Norell et al. (2001: appendix 1, character 87);
Chiappe (2002: appendix 20.2, character 28); J. M.
Clark et al. (2002a: appendix 2.2, character 86); Xu
(2002: suite II, character 118, part); Xu et al. (2002a:
supplement, character 63); Zhou and Zhang (2002:
appendix III, character 5); Rauhut (2003: character
85); Hwang et al. (2004: supplement, character 84);
Xu and Norell (2004: supplement, character 84).

0323. Dentes premaxillares definitivum (carinae
craniales et caudales), serratia et/aut denticulae, sta-
tus:

a. present on carinae craniales et/aut caudales;

b. absent on both carinae craniales et caudales;

x. noncomparable by edentuly (Neornithes).

Note.—See: L. D. Martin et al. (1980); J. M. Clark
et al. (1994); Russell and Dong (1994a [1993a]: table
2, character 20, part); Russell and Dong (1994b
[1993b]: troddontid character 9); Forster et al. (1998:
supplement, character 2); J. D. Harris (1998: appen-
dix 2, character 45), in reference to contiguous dis-
tribution of denticulation; Makovicky and Sues
(1998: appendix 1, character 4); Xu et al. (1999a:
character 26, but states differently defined); Xu et al.
(1999b: character 2, modified); Xu et al. (2000:
supplement, character 1, ordered); Ji et al. (2001),
regarding unnamed dromaeosaurid NGMC 91-A;
Xu et al. (2002a: supplement, character 69); Rauhut
(2003: character 84).

0324. Dentes maxillares definitivum (if present),
corona, serratia et/aut denticulae, status:

a. present; b. absent throughout;

x. noncomparable by edentuly (Aves, including
Neornithes).

Note.—See: Norell et al. (2000: appendix 1, char-
acter 3), in reference to serratia (element unspeci-
fied), denticulae treated in another character; Norell
et al. (2001: appendix 1, character 85); J. M. Clark et
al. (2002a: appendix 2.2, character 85); Xu (2002:
suite II, character 118, part); Rauhut (2003: charac-
ter 85), treating status with serratia of dentes maxil-
lares; Hwang et al. (2004: supplement, character 84);
Xu and Norell (2004: supplement, character 84).

NO. 37

0325. Dentes, facies laterales, forma superficialis:

a. glabrous; b. rugose;

x. noncomparable by edentuly (Neornithes).

Note.—See: Currie and Carpenter (2000: appen-
dix 1, character 42); Holtz (2000 [1998]: appendix I,
character 131), in reference to “wrinkling” of lateral
surfaces of teeth.

0326. Dentes maxillares et mandibulares, denticu-
lae (serratia), forma sensu overall size:

a. large; b. small;

x. noncomparable by edentuly (Neornithes).

Note.—See: Farlow et al. (1991); Norell et al.
(2001: appendix 1, character 89); J. M. Clark et al.
(2002a: appendix 2.2, character 88); Xu (2002: suite
II, character 120); Xu et al. (2002a: supplement,
character 65); Hwang et al. (2004: supplement, char-
acter 86); Xu and Norell (2004: supplement, charac-
ter 86).

0327. Dentes maxillares et mandibulares, denticu-
lae (serratia) rostrales (where present), size relative
to denticulae (serratia) caudales:

a. approximately equal;

b. rostral significantly smaller than caudal;

x. noncomparable by edentuly (Neornithes).

Note.—Where dentes present, this character
treats presence and distribution and differential size
of “denticles” thereof. See: Currie (1995: appendix,
character 5); Xu et al. (1999b: character 85); Azuma
and Currie (2000: appendix 1, character 103); Holtz
(2000 [1998]: appendix I, character 129); Xu et al.
(2000: supplement, character 65).

0328. Dentes maxillares et mandibulares, denticu-
lae (serratia), forma:

a. simple, convex;

b. hamulate, oriented toward the apex of the den-
tal corona;

x. noncomparable by edentuly (Neornithes).

Note.—See: Norell et al. (2001: appendix 1, char-
acters 90-91); J. M. Clark et al. (2002a: appendix 2.2,
character 89); Xu (2002: suite II, character 121); Xu
et al. (2002a: supplement, character 66); Hwang et al.
(2004: supplement, character 87); Xu and Norell
(2004: supplement, character 87).

0329. Dentes palati ossium—i.e., dentes ossium
pterygoidea, palatina, et/aut vomera (new term)—
status:

a. absent; b. present.

Note.—See: Benton and Clark (1988); Sereno
(1991a: appendix, character 1); Rauhut (2003: char-
acter 69).

0330. Ossa premaxillares et dentales, pseudoden-
tes (new term), status:

a. absent; b. present.

Note.—Structures are dentiform conical protru-
sions along margines tomiales of ossa premaxillares
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et dentales. In present analytical context, given ex-
clusion of Odontoptyergiformes, this character will
appear invariant. See: Howard (1957); Howard and
White (1962); Zusi and Warheit (1992); Bourdon
(2006: supplement, character 52).

Cavum Nasi (Cavitas Nasalis)
Apertura nasi (nasalis) ossea

Note.—Unless indicated otherwise, margines ap-
erturae delimited herein by included margines of
ossa premaxillare, nasale, et maxillare, and exclusive
of potentially confounding by conchae or capsulae.

0331. Apertura nasi ossea, status:

a. present; b. vestigial or absent.

Note.—See: MacDonald (1960), regarding rictal
“secondary nares,” likely (if valid) venting from
margo rostrale of basalmost of two lamina rhinothe-
cae “one or two smaller labials” of Lonnberg (1904:
493-495) or “supra-labialia” of Boetticher (1928: fig.
12); Cracraft (1985: character 3); Cracraft (1988: se-
ries IX, character 2); Siegel-Causey (1997: table I,
character 4); G. Mayr (2003a); G. Mayr and Clarke
(2003: appendix A, character 7); G. Mayr (2004b:
appendix 1, character 3).

0332. Apertura nasi (nasalis) ossea, numerus de-
finitivum (if present):

a. two, bilateral,

b. one, medial, by multi-elemental apomorphy;

x. noncomparable by ontogenetically, structurally
distinct osseous occlusion of nares (Phalacrocoraci-
dae, Sulidae).

0333. Apertura nasi ossea, forma as bilateral pair
of distinctly rimmed, orbiculate perforationes, status:

a. absent; b. present.

Note.—See: Bang and Wenzel (1985).

0334. Apertura nasi ossea, size relative to fossa
antorbitalis:

a. former considerably smaller than latter;

b. former larger than latter.

Note.—Typically quantified by comparison be-
tween rostrocaudal dimensions of apertura nasi and
fossa antorbitalis (Sereno 2001). Witmer (2001)
noted potentially misleading sizes of apertura ossea
and overlying integumentum among archosaurs.

See: Chiappe and Calvo (1994: appendix I, char-
acter 5); Chiappe (1995b: character 5); Sanz et al.
(1995, 1997: character 5); Chiappe (1996b: character
5); Chiappe et al. (1996: appendix 1, character 5);
Livezey (1998b: appendix A, character 2); Zhou et
al. (2000); Norell and Clarke (2001: appendix I, char-
acter 12), treated similarly by J. A. Clarke (2002:
appendix I, character 12), J. A. Clarke and Norell
(2002: appendix 2, character 12), and J. A. Clarke
(2004: appendix 1, character 12); Sereno (2001: table
2, character 40), as synapomorphic of Aves; Zhou

and Zhang (2002: appendix 11, character 12); Ji et al.
(2005: supplement, part I, character 12).

0335. Apertura nasi ossea (or homologous locus),
micro-apertura nasi ossea (new term) immediately
caudal, status:

a. absent; b. present.

Note.—See: Cracraft (1985: character 3); Bour-
don et al. (2005: appendix 1, character 2); Bourdon
(2006: supplement, character 94). Disputed by: G.
Mayr (2003b: character 3); Bourdon et al. (2005: ap-
pendix 1, character 2).

0336. Apertura nasi ossea, functional restriction
to terminus distalis rostri maxillae, status:
a. absent; b. present.

0337. Apertura nasi ossea, bilateral, rostrocaudal
subdivision (partial or complete) into large, subtri-
angular rostral subapertura and narrow, subelliptical
subapertura by lateromedially oriented lamina, sta-
tus:

a. absent; b. present.

0338. Apertura nasalis, margo caudalis, rostrocau-
dal situs relative to margo rostralis of fossa antorbit-
alis within rostrum maxillae:

a. former distinctly rostral to latter;

b. former approaching or coincident with latter.

Note.—See: Chatterjee (1991: character 7); J. M.
Clark et al. (1994); Chiappe et al. (1998: character 4);
Ji et al. (1998: supplement, character 4); Livezey
(1998b: appendix A, character 7), situs of apertura in
rostrum maxillae; Chatterjee (1999: appendix II,
character 26); Xu et al. (1999b: character 102); Xu et
al. (2000: supplement, character 82); Chiappe (2001a:
appendix 1, character 6); Norell et al. (2001: appen-
dix 1, character 2); Witmer (2001), for functional
analysis among archosaurs; Chiappe (2002: appendix
20.2, character 6); J. M. Clark et al. (2002a: appendix
2.2, character 24); Maryanska et al. (2002: appendix
1, character 19); Xu (2002: suite II, character 237);
Xu et al. (2002a: supplement, character 182); Zhou
and Zhang (2002: appendix III, character 12);
Hwang et al. (2004: supplement, character 23); Xu
and Norell (2004: supplement, character 23).

0339. Apertura nasalis, lateral extension of margo
caudalis and (partial) rostral orientation of apertura,
status:

a. absent, apertura oriented laterad;

b. present, apertura oriented anterolaterad.

Note.—See: Rauhut (2003: character 7).

0340. Apertura nasi ossea, terminus caudalis,
forma (unordered):

a. angular or subangular, including forms having
rounded vertex caudalis;

b. (sub)orbiculate; c. fissuriform;

X. noncomparable, obsolescence or loss of aper-
tura (Pelecaniformes, Geococcyx).
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Note.—Taxa showing intermediacy were included
in state “a”; state “b” includes many “holorhinal”
forms; and state “c” includes most ‘“schizorhinal”
forms. “Rhiny” (Garrod 1873a), formally diagnosed
herein by reference to zonae flexoriae. See: Cracraft
(1988); Andors (1992: table 2, character 2); Livezey
(1998b: appendix A, character 1); Rotthowe and
Starck (1998: appendix, character 26); G. Mayr and
Clarke (2003: appendix A, character 6); G. Mayr and
Ericson (2004: appendix I, character 2).

0341. Apertura nasi ossea, terminus caudalis,
margo caudalis relative to zona flexoria craniofacia-
lis, situs:

a. rostral or approximately equal;

b. significantly caudal.

Note.—Present character pertains to position of
caudal extremity of apertura relative to zona flexo-
ria.

0342. Apertura nasi ossea, terminus caudalis,
marked depressio nasalis medialis (new term), sta-
tus:

a. absent; b. present.

Note.—See: Sereno et al. (1994: footnote 12);
Holtz (2000 [1998]: appendix I, character 9).

0343. Apertura nasi ossea, vertex caudalis, partial
occlusion by thin capsula nasi ossea (new term), sta-
tus et forma (unordered):

a. absent;

b. present, restricted, comparatively densely per-
forated with foramina neurovascularia;

c. present, variably extensive, not densely perfo-
rated with foramina neurovascularia, with laterally
expanded rostral rima;

d. present, restricting apertura to single rostral
ostium.

Note.—Some Trochilidae (cf. Phaethornithinae)
have ossification at vertex differing from state shown
by exemplar. Occurrence of minute tubulae rostrad
from apertura nasi between rhamphotheca and ros-
trum maxillae in some pelecaniforms (e.g., Fregota)
is suggestive of tubae nasales of Procellariiformes.
See: Garrod (1873a); Forbes (1881b); Feduccia
(1967); Van Tyne and Berger (1976); G. Mayr et al.
(2003: appendix 1, character 3); G. Mayr (2004b: ap-
pendix 1, character 4), limited to tubular forms.

0344. Apertura nasi ossea, vertex caudalis, partial
occlusion by ossification of capsula nasi (regio olfac-
toris) with synostosis inclusive of os mesethomoidale
but exclusive of processus maxillaris ossis nasale, sta-
tus:

a. absent; b. present.

Note.—See: Technau (1936).

0345. Apertura nasi ossea, lamina partitioning ap-
ertura into subaperturae or ostia (“amphirhiny”),
status et forma (ordered):

NO. 37

a. absent;

b. present, subaperturae (ostia) dorsolaterally ori-
ented, lacking rounded rims, separated by compar-
atively broad, thin lamina, and typically of irregular
shape;

c. present, subaperturae (ostia) largely dorsally
oriented, with distinctly rounded rims, separated
only by narrow partitions, and elliptical.

Note.—Jyngidae and some Trochilidae and have
ossified conchae nasales that effect an incomplete
partition of apertura nasi ossea. See: Feduccia (1967)
with respect to amphirhiny in Passeriformes.

0346. Apertura nasi ossea, extreme rostral posi-
tion and extent so as to approach terminus rostralis
rostri maxillae, status:

a. absent; b. present.

Note.—See: G. Mayr (2002a: appendix 1, charac-
ter 6, part), with respect to Caprimulgiformes; G.
Mayr (2005b: appendix A, character 6, part).

Pila supranasalis (ossa premaxillares et nasales)

0347. Pila supranasalis, dorsal convexity (lateral
perspective) distinctly greater (especially rostral seg-
ment) than that of medial rostrum maxillae, status:

a. absent, pila essentially straight or comparably
curved with rostrum maxillae;

b. present, pila distinctly “rounded.”

Note.—See: Livezey (1986: appendix 1, character
19); Livezey (1989: table 1, character 19); Livezey
(1996a: appendix 1, character 2).

0348. Pila supranasalis, transverse convexity (ros-
trocaudal perspective) of facies dorsalis pilae, status:
a. present, pila “rounded” or convex dorsally;

b. absent, pila “flat” or laminar dorsally;

x. noncomparable (Neornithes).

Note.—See: Norell et al. (2001: appendix 1, char-
acter 28); J. M. Clark et al. (2002a: appendix 2.2,
character 22); Xu (2002: suite II, character 254); Xu
et al. (2002a: supplement, character 199); Hwang et
al. (2004: supplement, character 21); Xu and Norell
(2004: supplement, character 21).

Septum nasi (nasale) osseum

Note.—Incorporating one or more of ossa mes-
ethmoidales, vomera, maxillares, ectethmoidales, et/
aut conchae nasales ossificantes.

0349. Septum nasi (nasale) osseum, status (or-
dered):

a. absent;

b. present, variably developed, may contact but
asynostotic with processus palatus maxillaris;

c. present, typically extensive, synostotic with pro-
cessus palatus maxillaris.
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Note.—Some authors assumed (incorrectly) that
the septum nasi osseum is derived from os meseth-
moidale, whereas it actually represents, at least in
large part, the ossification of a cartilaginous parti-
tion. Derived state includes taxa in which conchae
nasales osseae variably conceal or enclose the sep-
tum in lateral view; problematic to confirm in some
taxa (e.g., Tytonidae and Strigidae) if the osseus par-
tition represents septum, conchae, or both. Intraspe-
cific variation is presumably associated with the on-
togenetic origin of the septum as membrana ossifi-
cans.

See: Bang and Wenzel (1985); Cracraft (1985:
character 20); Cracraft (1986: appendix, character
50); Gauthier (1986: 13, unindexed synapomorphy of
Ornithurae); Chatterjee (1991: character 25); An-
dors (1992: table 2, character 1); Ericson (1997: table
1, character 13); Chu (1998: appendix 1, character
24); Livezey (1998b: appendix A, character 3); G.
Mayr (2003a: appendix I, character 5); G. Mayr
(2003b: appendix I, character 2) regarding Trogoni-
dae; G. Mayr and Clarke (2003: appendix A, char-
acter 8); G. Mayr et al. (2003: appendix 1, character
1); Dyke and van Tuinen (2004: appendix 1, charac-
ter 3); G. Mayr (2004d: appendix I, character 1); G.
Mayr (2005a: appendix 1, character 1).

0350. Septum nasi (nasale) osseum (part), termi-
nus caudalis, alulae transversariaec angulares (new
term), status:

a. absent;

b. present, typically conformed as isoceles triangle
with basis medialis longest and positioned immedi-
ately or closely dorsal to pars rostralis, rostrum para-
sphenoidale, approximating sutura palatinomaxil-
laris in rostrocaudal position.

Note.—Bilateral, osseus, bilaterally projecting
flanges evidently associated with comparatively ex-
pansive capsulae nasales in Dinornithiformes. In
exceptionally well-preserved specimens, a delicate
osseus pons from the corresponding ossa ectethmoi-
dales extend to unite with the alulae in question.

0351. Septum nasi (nasale) osseum (part), margo
caudalis, lamina dorsalis mesethmoidalis, pars nasi
(new term), status:

a. absent; b. present.

Conchae nasales

Note.—Reviews of pneumaticity of regio cranio-
facialis of Archosauria provided by Witmer (1990,
1995b, 1997). See: Technau (1936), Wenzel (1971),
and Bang and Wenzel (1985), for related characters
of septum et operculum nasi osseum; K. Lee et al.
(1997: appendix 1, character 58); Livezey (1998b: ap-
pendix A, characters 4-6); Maryanska et al. (2002:
appendix 1, character 18); G. Mayr (2003a: appendix

I, character 3); G. Mayr (2003b: appendix 1, charac-
ter 6); G. Mayr and Clarke (2003: appendix A, char-
acter 9).

0352. Conchae nasales osseae, status:

a. present; b. vestigial or absent.

Note.—See: Technau (1936); Bang and Wenzel
(1985); G. Mayr (2003b: appendix 1, character 6).

0353. Conchae nasales osseae, pars caudalis, fa-
cies lateralis, deep, rounded, involucral depression in
rostral portion of orbita, triangular in outline, with
apex dorsocaudal and basis medial to os lacrimale,
processus orbitalis, status:

a. absent; b. present;

x. noncomparable (Dinornithiformes).

Note.—See: Bang and Wenzel (1985); K. Lee et
al. (1997: appendix 1, character 58), regarding ratites.

0354. Conchae nasales osseae, caudomedial ter-
minus, conformation as laminar surface perpendicu-
lar to zona flexoria craniofacialis and in which nares
internae are separated by thick osseus septum, sta-
tus:

a. absent; b. present;

x. noncomparable (Dinornithiformes).

Note.—See: D. W. Thompson (1899); Bang and
Wenzel (1985).

Recessus pneumatici paranasales

0355. Conchae nasales osseae, facies ventralis, at
sutura palatinomaxillaris, bilaterally paired, promi-
nent, recessus pneumatici paranasales separated me-
dially by thick septum osseum, status:

a. absent; b. present;

x. noncomparable (Dinornithiformes).

Note.—See: Bang and Wenzel (1985); Holdaway
(1991: appendix 5.1, character 14).

0356. Fenestra infratemporalis (revised term), sta-
tus et size relative to orbita (ordered):

a. absent;

b. present, length subequal to or less than that of
orbita;

c. present, length at least 1.5 times that of orbita.

Note.—Ildentity of feature uncertain; codings
based primarily on Rauhut (2003), which differed
significantly from other sources. See: Bonaparte
(1991); Currie and Zhao (1994b [1993b]); Rauhut
(2003: character 38), listing feature following os fron-
tale and before ossa lacrimale et postorbitale.

Fossa antorbitalis

Note.—See Witmer (1997) for revised nomencla-
ture and descriptive anatomy of this archosaurian
feature; functional reconstructions for fossil and
modern archosauriforms were presented by Witmer
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(1990, 1995b); earlier functional treatments include
Osmolska (1985). Most importantly, Witmer (1997)
referred to contributions by multiple elements bor-
dering the fossa, and included recesses, separately,
resulting in the use of variably abbreviated refer-
ences to element-specific recesses in the literature
(e.g., Holtz 2000 [1998]). For example, Witmer
(1997: tig. 29) included the following constituents for
the fossa antorbitalis and associated features for Al-
losaurus: excavatio pneumatica rami ascendenti, re-
cessus pneumaticus nasalis, recessus pneumaticus
lacrimalis, recessus pneumaticus jugalis, canalis na-
solacrimalis, fenestra antorbitalis interna, pila inter-
fenestralis, and fenestra maxillaris (some other taxa
possess additional features, notably fenestra pro-
maxillaris, recessus promaxillaris, pila promaxillaris,
and antrum maxillaris). The complexity of internal
fenestrae within the fossa antorbitalis renders diag-
nosis problematic for many fossil taxa, e.g., Ovirap-
torosauria (J. M. Clark et al. 2002b); one treatment
of compromise was that by J. D. Harris (1998: ap-
pendix 2, character 2) and adapted by Currie and
Carpenter (2000: appendix 1, character 3), in which a
single multistate character comprising presence of
one, both, or “more” fenestrae promaxillaris et/aut
maxillaris, etc., was employed.

0357. Fossa antorbitalis, status:

a. absent; b. present.

Note.—In Crocodylia, fossa can be concealed lat-
erodorsally by osseous lamina, part of a dermal
“bony roof” that forms an external “armor” for the
skull in many taxa; perhaps optimally treated for
Crocodylomorpha as present but variably occult.
See: Benton (1990a), under “antorbital fenestra”;
Witmer (1990, 1995b, 1997); Sereno et al. (1998:
footnote 22, character 9); J. A. Wilson and Sereno
(1998: appendix, character 20).

Regarding fenestra aut sinus fossae, see: Gauthier
(1986: text character 37); Witmer (1987); Witmer
and Martin (1987: character 10); K. Carpenter
(1997); Baumel and Witmer (1993); J. M. Clark et al.
(1994); Russell and Dong (1994b [1993b]: troodontid
character 4); Holtz (1994a: appendix 1, character
108); Chiappe (1995b: character 6); Pérez-Moreno et
al. (1994: legend for fig. 3, character 10); Elzanowski
(1995: 39, character unindexed); Sanz et al. (1995,
1997: character 6); Chiappe et al. (1996: appendix 1,
character 88), regarding “caudal maxillary sinus”;
Sereno et al. (1996: footnote 45, character 56), re-
garding shape; Forster et al. (1998: supplement, char-
acter 5); Sereno et al. (1998: footnote 22, character
40), regarding relative size; Xu et al. (1999b: charac-
ter 5); Lamanna et al. (2002: appendix 1, character
11); Ji et al. (2003b).

0358. Fossa antorbitalis, rima ossea, status:
a. well developed;
b. absent or poorly developed.

NO. 37

Note.—See: Sues (1997: appendix 1, character 3);
Xu et al. (1999a: character 5); Azuma and Currie
(2000: appendix 1, character 2); Xu et al. (2002a:
supplement, character 22).

0359. Fossa antorbitalis, distinct bordering rima
ossea rostroventralis (new term), status:

a. absent; b. present;

x. noncomparable (Neornithes).

Note.—See: J. M. Clark et al. (1994); Norell et al.
(2001: appendix 1, character 5); J. M. Clark et al.
(2002a: appendix 2.2, character 31); Xu (2002: suite
II, character 77); Hwang et al. (2004: supplement,
character 30); Xu and Norell (2004: supplement,
character 30).

0360. Fossa antorbitalis, “sculpting” of margines
osseae maxillare et/aut nasale, status:

a. moderate;

b. pronounced, extending to margines maxillaris
et nasalis fossae;

x. noncomparable (Neornithes).

Note.—See: Currie and Carpenter (2000: appen-
dix 1, character 6).

0361. Fossa antorbitalis (pars) maxillaris (Witmer
1997), forma sensu depth of fossa and distal promi-
nence of margines:

a. fossa deep, margines prominent;

b. fossa shallow, margines low, in some taxa
margo comparatively prominent or “sharp” only ros-
tral to foramen promaxillaris.

Note.—See: Sereno and Novas (1994 [1993]); J.
M. Clark et al. (1994); Sues (1997); Rauhut (2003:
character 12).

0362. Fossa antorbitalis (pars) maxillaris (Witmer
1997), margo rostralis, forma:

a. rounded or acuminate; b. squared.

Note.—See: Sereno and Novas (1992: appendix,
character 3); Rauhut (2003: character 13).

0363. Fossa antorbitalis pars maxillaris, depressio
cranialis “pneumaticum” sine fenestrae, status:

a. absent; b. present.

Note.—See: Holtz (2000 [1998]: appendix I, char-
acter 22).

0364. Fossa antorbitalis (pars) maxillaris (Witmer
1997), forma sensu approximate proportion of total
area (lateral perspective) of fossa antorbitalis occu-
pied:

a. 25% or less; b. greater than 40%.

Note.—See: Holtz (2000 [1998]: appendix I, char-
acter 15), regarding “maxillary antorbital fossa”;
Sereno et al. (1998: footnote 22, character 9), per-
taining to size relative to orbita; Azuma and Currie
(2000: appendix 1, character 1), effectively limited to
state “a”; Rauhut (2003: character 14).
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0365. Fossa antorbitalis (pars) maxillaris (Witmer
1997), margo ventralis, jugum fossae maxillaris (new
term), status:

a. absent; b. present.

Note.—See: Xu (2002: suite I, character 1), with
respect to “ridge ventral to the maxillary fossa”;
Rauhut (2003: character 15).

0366. Fossa antorbitalis (pars) nasalis (Witmer
1997), status:

a. absent; b. present.

Note.—See: Sereno et al. (1994: footnote 12);
Sereno et al. (1996: footnote 45, character 39);
Sereno et al. (1998: footnote 22, character 41), re-
garding “subcircular depression in anterior corner”;
Holtz (2000 [1998]: appendix I, character 29), regard-
ing “nasal recesses” of Theropoda; Currie et al.
(2003: appendix, characters 36-37); Rauhut (2003:
character 19).

0367. Fossa antorbitalis (pars) lacrimalis (Witmer
1997), status et inclusion of fenestrae (unordered):

a. absent; b. present, a single fenestra;

¢. present, comprising several fenestrae or perfo-
rata.

Note.—See: Currie (1985) pertaining to Troodon-
tidae; Holtz (2000 [1998]: appendix I, character 33),
regarding “lacrimal recess”; Maryanska et al. (2002:
appendix 1, character 22), regarding presence of
“lacrimal recessus”; Xu (2002: suite I, character 62),
regarding “depressed lacrimal” of Sinornithosaurus.

0368. Fossa antorbitalis, margo fossae interna, si-
tus et participation of os jugale, terminus rostralis,
forma (unordered):

a. os jugale extends only to margo caudalis fossae;

b. os jugale not extending into internum fossae;

c. os jugale expressed at margo of internum fossae
and with processus rostroprofundus (new term) ex-
tending rostrad and deep to fossa.

Note.—See: J. D. Harris (1998: appendix 2, char-
acter 14); Currie and Carpenter (2000: appendix 1,
character 17), concerning “jugal ... expressed on
rim of antorbital fenestra”; Holtz (2000 [1998]: ap-
pendix I, character 58); Rauhut (2003: character 24).

0369. Fossa antorbitalis (pars) jugalis (Witmer
1997), status:

a. present, as large, crescentiform depressio;

b. absent or shallow depressio.

Note.—See: Holtz (2000 [1998]: appendix I, char-
acter 61), Xu et al. (2002a: supplement, character
26), for “jugal recesses”; Rauhut (2003: character
25).

0370. Fossa antorbitalis (pars) jugalis (Witmer
1997), recessus pneumaticus caudoventralis, status:

a. present; b. absent.

Note.—See: Norell et al. (2001: appendix 1, char-
acter 35); J. M. Clark et al. (2002a: appendix 2.2,

character 35); Xu (2002: suite II, character 81), treat-
ing recessus pneumaticus “ . .. in posteroventral cor-
ner of antorbital fossa”; Hwang et al. (2004: supple-
ment, character 34); Xu and Norell (2004: supple-
ment, character 34).

0371. Fossa antorbitalis (pars) palatinus (Witmer
1997), status:

a. absent; b. present.

Note.—See: J. D. Harris (1998: appendix 2, char-
acter 33), described as being positioned on the me-
dial side of element, at “confluence of vomeroptery-
goid, maxillary, and jugal processes”; Azuma and
Currie (2000: appendix 1, character 85); Currie and
Carpenter (2000: appendix 1, character 35); Holtz
(2000 [1998]: appendix I, character 78), regarding
“palatine recesses.”

0372. Fossa antorbitalis, fenestra premaxillaris
(new term), status:

a. absent; b. present.

Note.—See: Bourdon et al. (2005: appendix 1,
character 8).

0373. Fossa antorbitalis, fenestra maxillaris (Wit-
mer 1997), status:

a. absent; b. present.

Note.—See: Ostrom (1969: fig. 6), in which “sub-
sidiary antorbital fenestrae” were depicted in pars
rostralis of os maxillare; Gauthier (1986); Chiappe
and Calvo (1994: appendix I, character 6); Chiappe
et al. (1996: appendix 1, character 6); J. D. Harris
(1998: appendix 2, character 2, part); Currie and Car-
penter (2000: appendix 1, character 3, part); Holtz
(2000 [1998]: appendix I, character 17); Rauhut
(2003: character 17).

0374. Fossa antorbitalis, fenestra maxillaris (Wit-
mer 1997), forma:

a. orbiculate; b. elongate, ellipsoidal, low.

Note.—See: Ostrom (1969: fig. 6), in which “sub-
sidiary antorbital fenestrae” were shown as present
in the rostral portion of the element; Holtz (2000
[1998]: appendix I, character 18), coding state of “1”
for Caudipteryx; Ji et al. (2003b).

0375. Fossa antorbitalis (lateral perspective), fe-
nestra (fovea) promaxillaris (Witmer 1997), status:

a. absent;

b. present, as laterally exposed or obscured fenes-
tra.

Note.—See: Holtz (1994a: appendix 1, character
84); Sereno et al. (1994: footnote 12); Sereno et al.
(1996: footnote 45, character 22); J. D. Harris (1998:
appendix 2, character 2, part); Currie and Carpenter
(2000: appendix 1, character 3, part); Holtz (2000
[1998]: appendix I, character 16); Norell et al. (2001:
appendix 1, character 7); J. M. Clark et al. (2002a:
appendix 2.2, character 30); Lamanna et al. (2002:
appendix 1, character 2); Xu (2002: suite II, charac-
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ter 76); Xu et al. (2002a: supplement, character 21),
in binary coding of “tertiary antorbital fenestra,”
considered by these authors to be synonymous with
“fenestra promaxillaris”; Rauhut (2003: character
16), a binary treatment; Hwang et al. (2004: supple-
ment, character 29); Xu and Norell (2004: supple-
ment, character 29).

0376. Fossa antorbitalis, fenestrae promaxillaris et
maxillaris (Witmer 1997), relative caudoventral po-
sitions:

a. promaxillaris rostral to maxillaris;

b. promaxillaris dorsal to maxillaris.

Note.—See: Holtz (2000 [1998]: appendix I, char-
acter 19).

0377. Fossa antorbitalis, fenestrae promaxillaris et
maxillaris (Witmer 1997), relative sizes:

a. promaxillaris smaller than maxillaris;

b. promaxillaris larger than maxillaris.

Note.—See: Holtz (2000 [1998]: appendix I, char-
acter 20).

0378. Fossa antorbitalis, inclusion of excavatio
pneumatica of ramus ascendens postnarialis of os
maxillare, corpus ossis maxillaris, status:

a. absent; b. present, pneumatic.

Note.—See: Sereno et al. (1996: footnote 45, char-
acter 22); Holtz (2000 [1998]: appendix I, character
21), in reference to “ascending ramus” of rostrum
maxillae.

0379. Fossa antorbitalis, os marginis rostralis fos-
sae, status:

a. includes element other than os premaxillare;

b. os premaxillare only.

Note.—See: Maryanska et al. (2002: appendix 1,
character 14).

0380. Fossa antorbitalis, margo dorsalis, situs rela-
tive to os nasale, processus frontalis:

a. ventral to os nasale, extending only to sutura
nasomaxillaris (latter forming margo), typically in-
vading dorsad to premaxillaris maxillare;

b. extends dorsad onto facies lateroventralis of os
nasale, at least one among the elements delimiting
margo fossae.

Note.—See: Sereno et al. (1994: footnote 12);
Sereno et al. (1996: footnote 45, character 39); Wit-
mer (1997); J. D. Harris (1998: appendix 2, character
4); Azuma and Currie (2000: appendix 1, character
84); Currie and Carpenter (2000: appendix 1, char-
acter 7); Holtz (2000 [1998]: appendix I, characters
23-24), apparently redundant; Maryanska et al.
(2002: appendix 1, character 6); Rauhut (2003: char-
acter 20).

0381. Fossa antorbitalis (pars) accessoria (new
term), situs rostrocaudalis relative to rima ossea fos-
sae, margo rostralis:

a. coincident; b. caudal.
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Note.—See: Xu et al. (2002a: supplement, charac-
ter 187), in reference to “accessory antorbital fossa”
of uncertain homology.

Os Nasale

0382. Os nasale, rostrocaudal length relative to
that of os frontale:

a. latter shorter than former;

b. latter at least as long as former.

Note.—See: Maryanska et al. (2002: appendix 1,
character 16).

0383. Os nasale, processus frontalis, blunt emi-
nentia aut cornu dorsalis (new terms), status:

a. absent; b. present.

Note.—Without reference to juvenile specimens,
cornu nasalis (new term) can be mistaken for pro-
cessus supraorbitalis of os lacrimale.

0384. Os nasale, forma sensu caudal width:

a. lateromedially expanded caudad;

b. uniformly narrow throughout.

Note.—See: Bakker et al. (1988); Holtz (1994a:
appendix 1, character 83); Holtz (2000 [1998]: appen-
dix I, character 25); Rauhut (2003: character 21).

0385. Os nasale, processus frontalis, terminus cau-
dalis and dorsal sutura internasalis relative to those
of os premaxillae, processus frontalis, forma (unor-
dered):

a. former well caudal to latter, area internasales
frontale (new term) occupied by os mesethmoidale,
lamina dorsalis, margo dorsalis;

b. former approximately equal to or moderately
exceeding latter in caudal extent, lacking significant
dorsal sutura internasalis caudal to os premaxillae,
and where processus frontalis bifurcated caudally,
spatium between furcata occupied by both ossa mes-
ethmoidale et frontales;

c. former extending well caudad to latter, forming
rostrocaudally broad, typically clipeate (“shield-
like”) sutura internasalis dorsocaudal to os premax-
illae, with variably bifurcate, invaginate, or shallowly
acuminate apex medialis, latter (if concave) occu-
pied by os frontale;

d. former well caudad to latter, forming rostro-
caudally broad, typically clipeate sutura internasalis
dorsocaudal to os premaxillae, with variably bifur-
cate, invaginate, or shallowly acuminate medial
apex, latter (if concave) spanned by os mesethmoi-
dale;

e. former well caudad to latter, forming rostrocau-
dally broad, typically clipeate sutura internasalis dor-
socaudal to os premaxillae, with medial apex form-
ing a distinctly acuminate dorsal aspect;

f. former moderately caudal or subequal to latter
in caudal extent, typically forming sublinear margo
transversus or medially rounded apex on frons.
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Note.—Diagnoses require juvenile specimens.
See: Cracraft (1986: appendix, character 48);
Cracraft (1988: series II, character 16; series V, char-
acter 4); Cracraft and Mindell (1989: table 1, char-
acter 15); Baumel and Witmer (1993: annotation 14);
Currie et al. (2003: appendix, character 40).

0386. Os nasale, processus frontalis, margines lat-
eralis, unique conformation in which element tapers
caudad and curves mediad to form short sutura in-
ternasalis at midline, meeting on midline along su-
tura nasofrontale, status:

a. absent; b. present.

Note.—Diagnoses require juvenile specimens.

0387. Os nasale, processus frontalis, facies dorsa-
lis, forma superficialis:

a. glabrous; b. rugose.

Note.—See: Rauhut (2003: character 18).

0388. Os nasale, margines laterales, sectiones cra-
niales, crista aut jugae longitudinales, status:

a. absent; b. present.

Note.—See: Rauhut (2003: character 22).

0389. Os nasale, processus frontalis, et os frontale,
facies dorsalis, eminentia pneumatica antorbitalis
(new term), status:

a. absent;

b. present, variably prominent, comparatively low
eminentia.

Note.—Confamilial exemplars of Cracidae (e.g.,
Oreophasis) typically possess prominent, compar-
atively elevated eminentia maxillare. See: Moller
(1969a—c); Livezey (1986: appendix 1, character 16);
Livezey (1989: table 1, character 16); Livezey (1995b:
appendix 1, character 2); Livezey (1996a: appendix 1,
character 8); Livezey (1996b: appendix 1, character
6); Livezey (1997a: appendix 1, character 10; corri-
genda, Livezey 1998a); Livezey (1997b: appendix 1,
character 4). In many taxa, displays substantial varia-
tion among individuals, protracted ontogenetic peri-
ods, and sexual dimorphism (generally being larger
in males). Autapomorphies included primarily be-
cause of conspicuousness.

0390. Os nasale, processus maxillaris, truncation
such that more than half of margo caudalis of aper-
tura nasi osseum is composed of os maxillare, pro-
cessus nasalis, status:

a. absent, typically composing substantial majority
of pila postnasalis;

b. present.

Note.—See: Livezey (1998b: appendix A, charac-
ter 27), alternatively worded in terms of os maxillare,
processus nasalis, which included both taxa coded
here as apomorphic.

0391. Os nasale, processus maxillaris, apparent
torsion of processus beyond perpendicularity, status:
a. absent; b. present.

Note.—Apparent torsion evidently results from
accommodation of closely associated arteria ethmoi-
dalis, ramus lateralis.

0392. Os nasale, processus maxillaris, sutura with
os maxillare, processus nasalis (i.e., junctura naso-
maxillaris), expansion to form margo caudalis of ap-
ertura nasi ossea or pila nasomaxillaris (new term),
status et forma (ordered):

a. complete, robust columna or broad lamina;

b. complete, pila or jugamentum complete but
gracile, tenuous, typically majority composed of pro-
cessus nasalis ossis maxillare;

¢. incomplete, pila vestigialis ventralis, i.e., con-
sisting only of ventral splint, principally representing
failure of ossification in os nasale, processus maxil-
laris;

d. incomplete, pila vestigialis dorsalis, i.e., consist-
ing only of dorsal splint, principally representing fail-
ure of ossification in os maxillare, processus nasalis.

Note.—Variation suggestive of origin as ligamen-
tum ossificans. See: Russell and Dong (1994a
[1993a]: table 2, character 4).

0393. Os nasale, processus rostralis (premaxil-
laris), forma:

a. elongate;

b. truncated, obsolete, or absent.

Note.—Structure in question synonymous with
“processus subnarialis.” See: Maryanska et al. (2002:
appendix 1, character 17), in what may constitute the
character of os nasale isomeric with that of the ossa
premaxillare et maxillare which follows.

Os Premaxillare

0394. Os premaxillare, corpus ossis premaxillare,
processus maxillaris, forma sensu (i) possession of
ramus ascendens postnarialis (new term) of os pre-
maxillare, processus maxillaris (contrast with proces-
sus nasalis maxillaris), and its contribution to mar-
gines ventralis et caudalis of apertura nasalis; (if)
exclusion of os maxillare from margines ventralis et
caudalis of apertura nasalis; (iii) contact and result-
ant extension of sutura nasopremaxillaris caudoven-
trad to apertura nasalis; and (secondarily) by some
authors (iv) length relative to apertura nasi ossea,
fossa antorbitalis (margo rostralis), and ossa lacri-
males, processes supraorbitales (ordered):

a. os premaxillare, processus maxillaris broad and
elongate, including ramus ascendens postnarialis
(lacked by Neornithes) of length sufficient to ex-
clude os maxillare from reaching margo caudoven-
tralis of apertura nasalis and effect extension of su-
tura nasopremaxillaris caudoventrad to apertura na-
salis;

b. os premaxillare, processus maxillaris moder-
ately reduced, including diminutive ramus ascendens



82 BULLETIN CARNEGIE MUSEUM OF NATURAL HISTORY

postnarialis sufficient to achieve involvement in ar-
ticulatio triosseus with both ossa maxillare and na-
sale in margo caudoventralis of apertura nasalis and
attain minimal contact between ossa premaxillare et
nasale caudoventrad to apertura nasalis;

c. os premaxillare, processus maxillaris substan-
tially truncated, in which vestigial processus postna-
rialis is lacking, permits os maxillare to form part of
margo caudoventralis of apertura nasalis, and fails to
effect extension of sutura nasopremaxillaris caudo-
ventrad to apertura nasalis.

Note.—Benton (1990b: 24) considered exclusion
of os maxillare from margo aperturae nasalis by
junctura of os premaxillare with os nasale to be sy-
napomorphic of Ornithischia. See: Cracraft (1986:
appendix, character 51), citing “processus nasalis”;
Gauthier (1986: 12-13), as synapomorphic of Avia-
lae and Ornithurae, respectively; Cracraft (1988: se-
ries 11, character 18, in reference to “nasal process”);
L. D. Martin et al. (1980); Chatterjee (1991: charac-
ters 18 and 24, part), but excluded by Chatterjee
(1999: entry 13); Sereno and Novas (1992: appendix,
character 1), in reference to size of “posterolateral
process of premaxilla”; Chiappe and Calvo (1994:
appendix I, characters 2-3); J. M. Clark et al. (1994);
Novas (1994 [1993]: appendix, character 51); Pérez-
Moreno et al. (1994: legend for fig. 3, characters
8-9); Russell and Dong (1994a [1993a]: table 2, char-
acter 1); Russell and Dong (1994b [1993b]: tro6don-
tid character 3); Chiappe (1995b: characters 2-3); El-
zanowski (1995: 38); Chiappe (1996b: characters
2-3); Chiappe et al. (1996: appendix 1, characters
2-3); Chiappe et al. (1998: character 2); Hou et al.
(1996: character 5); Sanz et al. (1995, 1997: charac-
ters 2-3); Elzanowski and Wellnhofer (1996); For-
ster et al. (1998: supplement, character 6); Ji et al.
(1998: supplement, character 2); Chu (1998: appen-
dix 1, character 41), for relative lengths of rostrum
maxillae and corpus ossis premaxillaris; Livezey
(1998b: appendix A, character 26); Makovicky and
Sues (1998: appendix 1, character 7); Xu et al.
(1999b: characters 6 and 101); Barsbold and Osmél-
ska (1999); Holtz (2000 [1998]: appendix I, charac-
ters 6 and 8); Norell et al. (2000: appendix 1, char-
acter 5); Xu et al. (2000: supplement, characters 4
and 81); Chiappe (2001a: appendix 1, characters
2-3); Ji et al. (2001), regarding unnamed dromaeo-
saurid NGMC 91-A; Norell and Clarke (2001: ap-
pendix I, characters 8-9), treated similarly by J. A.
Clarke (2002: appendix I, characters 8-9) and J. A.
Clarke and Norell (2002: appendix 2, characters
8-9); Norell et al. (2001: appendix 1, characters 26—
27); Chiappe (2002: appendix 20.2, characters 2-3
[latter primarily]); J. M. Clark et al. (2002a: appendix
2.2, character 20); Maryanska et al. (2002: appendix
1, character 9); Xu (2002: suite I, character 61; suite
II, characters 71 and 232); Xu et al. (2002a: supple-
ment, character 16); Xu et al. (2002a: supplement,

NO. 37

character 177), in reference to extent of “posterior
premaxillary process” and “nares”; Zhou and Zhang
(2002: appendix III, characters 8-9); Rauhut (2003:
character 6); Hwang et al. (2004: supplement, char-
acter 20); Xu and Norell (2004: supplement, charac-
ter 20).

0395. Os premaxillare, corpus ossis premaxillare,
processus frontalis, length relative to os maxillare,
and (associated) os nasale, processus frontalis,
length relative to os frontale, i.e., regio preorbitalis,
forma definitivum:

a. os premaxillare less than half as long as os max-
illare, os nasale considerably longer than os frontale;

b. os premaxillare more than half as long as os
maxillare, os nasale subequal in length to os fron-
tale—i.e., “nasomaxillary truncation.”

Note.—This character principally represents an
alternative partitioning to preceding character based
on relative caudal extents of primary elements of
ossa faciei. See: Barsbold and Osmdlska (1999);
Rauhut (2003: character 71).

0396. Os premaxillare, corpus ossis premaxillare,
processes frontales, persistence in adult of sutura in-
terpremaxillaris rostrad to midpoint of apertura nasi
ossea, status et forma definitivum (ordered):

a. present, entire sutura remains nonsynostotic
throughout;

b. partial, sutura synostotic only caudally;

c. absent, entire sutura synostotic, except proxi-
mate to zona flexoria craniofacialis in some taxa.

Note.—Herein the elongation of ossa premaxil-
lares—structurally the cause of medial separation of
ossa nasales (i.e., fissura internasalis; new term)—
was treated separately by Cracraft (1986: appendix,
character 49). See: Cracraft (1986: appendix, charac-
ter 49); Holdaway (1991: appendix 5.1, character 1);
Norell and Clarke (2001: appendix I, character 1),
treated similarly by J. A. Clarke (2002: appendix I,
character 1), J. A. Clarke and Norell (2002: appendix
2, character 1), and J. A. Clarke (2004: appendix 1,
character 1); Zhou and Zhang (2002: appendix III,
character 1); Chatterjee (1991: character 23); Mary-
anska et al. (2002: appendix 1, character 13); Ji et al.
(2005: supplement, part I, character 1).

0397. Os premacxillare, corpus ossis premaxillare,
processus frontalis, et os nasale processus maxillaris,
tumulus pneumaticus (new term)—abruptly raised
segment of processes perforated by pori pneumatici
et foramina neurovascularia—status:

a. absent; b. present.

Note.—See: Chu (1998: appendix 1, character 39);
Maryanska et al. (2002: appendix 1, character 8).

0398. Os premaxillare, corpus ossis premaxillare,
processus maxillaris, extension of caudal terminus as
triangular flange ventral to sutura jugomaxillaris and
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free from arcus jugalis, emergence rostral to sutura
jugomaxillaris, status:

a. absent; b. present, variably prominent.

Note.—Related in large part to abrupt dorsal an-
gling of arcus jugalis immediately caudal to junctura
with os maxillare, processus nasalis; comparatively
small in Megapodius, Ortalis, and Lophortyx. See:
Strauch (1978: character 13); Andors (1992: table 2,
character 3); Livezey (1997a: appendix 1, character
28; corrigenda, Livezey 1998a); Chu (1998: appendix
1, character 40); Livezey (1998b: appendix A, char-
acter 23).

0399. Os premaxillare, rostrocaudal length (ven-
tral to naris) relative to height below naris, expressed
as ratio (ordered):

a. greater than 1.7;

b. 1.0-1.4; ¢. 0.7 or less.

Note.—See: Holtz (1994b: appendix 7.1, character
1); Maryanska et al. (2002: appendix 1, character 4).

0400. Os premaxillare, corpus ossis premaxillare,
processus palatinus, status:

a. absent or narrow, and lacking junctura inter-
premaxillaris rostral to ossa vomera;

b. present and broad, and junctura interpremax-
illaris rostral to os vomeris.

Note.—See: Holdaway (1991: appendix 5.1, char-
acters 2-3); J. M. Clark et al. (1994); Russell and
Dong (1994a [1993a]: table 2, character 3); Elza-
nowski (1995: character ?PG’1), also Elzanowski
(1995: 38, character unindexed); Sues (1997: appen-
dix 1, character 1); Makovicky and Sues (1998: ap-
pendix 1, character 9); Xu et al. (1999a: character 3);
Holtz (2000 [1998]: appendix I, character 7); Rauhut
(2003: character 3).

0401. Os premaxillare, corpus ossis premaxillare,
crista tomialis, forma:

a. (sub)linear;

b. crenulate, i.e., having numerous minute protru-
sions or undulations;

x. noncomparable (Neornithes).

Note.—See: Norell et al. (2001: appendix 1, char-
acter 30); J. M. Clark et al. (2002a: appendix 2.2,
character 23); Xu (2002: suite 11, character 251); Xu
et al. (2002a: supplement, character 196); Hwang et
al. (2004: supplement, character 22); Xu and Norell
(2004: supplement, character 22).

0402. Os premaxillare, corpus ossis premaxillare,
processus supratomialis (new term), status:

a. absent; b. present.

Note.—See: Rauhut (2003: character 4). Proces-
sus supratomialis is the ventralmost portions of os
premaxillare (ventral to pars subnarialis) and in-
cludes as margines ventrales the cristae tomiales and
margines dorsales of the apertura nasales.

0403. Os premacxillare, corpus ossis premaxillare,
pars subnarialis (new term), processus supratomialis
(new term), forma sensu comparative depth:

a. depth low to moderate, at least as long as high;

b. depth substantial, significantly higher than
long.

Note.—New term synonymous with “ramus ven-
tralis” of some. See: Bonaparte (1991); Holtz (1994a:
appendix 1, character 13); Holtz (1994b: appendix
7.1, character 1); Holtz (2000 [1998]: appendix I,
character 5); Rauhut (2003: character 1).

0404. Os premaxillare, corpus ossis premaxillare,
pars prenarialis (new term)—(i) length relative to
that of pars subnarialis and (if) associated angulus
between planum medianum rostri et margo tomia-
lis—forma:

a. (i) former less than latter, (if) angulus at least
75°;

b. (i) former greater than latter, (ii) angulus less
than 70°.

Note.—See: Rauhut (2003: character 2).

0405. Os premacxillare, corpus ossis premaxillare,
canalis neurovascularis maxillae, foveae corpusculo-
rum nervosorum within rostrum maxillae, status et
forma (ordered):

a. present, densely distributed throughout pars
prenasalis rostri (new term) and in some cases ex-
tending farther caudad;

b. present, limited to rostrum maxillae, apex rostri
and (minority) limited distribution to margines to-
miales rostri;

c. absent.

Note.—See: Livezey (1998b: appendix A, charac-
ter 25).

Os Maxillare

0406. Ossa macxillare et premaxillare (dorsal per-
spective), constriction of former and rostral expan-
sion of latter, status:

a. absent; b. present.

Note.—See: Rauhut (2003: character 8), with re-
spect to contriction and “rosette” of articulated pre-
maxillae.

0407. Ossa maxillares, angulus defined by inter-
section of rostrally extended tangent lines to ossa
toward planum medialis, forma:

a. angulus acute;

b. angulus practically undefined, tangentia sub-
parallel;

x. noncomparable (Aves, including Neornithes).

Note.—See: Madsen (1976); Sereno and Novas
(1994 [1993]); J. A. Clarke et al. (1994); J. D. Harris
(1998); Sereno et al. (1998); Rauhut (2003: character
10).
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0408. Os maxillare, crista tomialis, angulus tomia-
lis (new term)—extension of caudal terminus as dis-
tinct tuberculum or short processus caudal to sutura
jugomaxillaris and lateral to, and variably free from,
arcus jugalis, status (unordered):

a. absent;

b. present, composed entirely of os maxillare;

c. present, composed of os premaxillare or ossa
maxillare et premaxillare.

Note.—See: Strauch (1978: character 13), reana-
lyzed by Bjorklund (1994: appendix) and Chu
(1995); Livezey (1996a: appendix 1, characters 14—
15), regarding variations within anserines; Livezey
(1997a: appendix 1, character 37; corrigenda, Livezey
1998a); Chu (1998: appendix 1, character 43).

0409. Os maxillare, crista tomialis maxillaris, dis-
tinct, ventrally prominent discontinuity, differenti-
ated basally as truncate or convex margines adjacent
to angulus oris (lateral perspective), status:

a. absent; b. present.

Note.—Distinct from tomium maxillare within
Anseriformes in which variably shear margines are
evident along majority of rostrum maxillae (Livezey
1996a: character 12).

0410. Os maxillare, facies ventralis, margo cauda-
lis medial to lateral limit of sutura maxillaropalati-
nus, conformation as distinct plica, continuous across
the midline, and distinctly ventral to os palatinum,
processus rostralis, status:

a. absent; b. present.

Note.—See: D. W. Thompson (1899).

0411. Os maxillare, ramus ascendens postnarialis
(new term), forma sensu confluence with margo ros-
tralis of corpus ossis maxillare, relative inclination
and height of pars rostralis corporis (unordered):

a. confluent with margo rostralis, pars rostralis
shallowly inclined caudodorsad;

b. displaced from margo rostralis, pars rostralis
shorter than high;

c. displaced from margo rostralis, pars rostralis at
least as long as high.

Note.—See: Sereno et al. (1996); Rauhut (2003:
character 11).

0412. Os macxillare, pons maxillaro-jugalis (new
term), status:

a. absent; b. present.

Note.—This character refers to “maxillopalatine
strut(s)” defined by Strauch (1978: characters 14-17)
and Strauch (1985: character 1) for many Charadrii-
formes, the former reanalyzed by Bjorklund (1994:
appendix) and Chu (1995). Chu (1998: appendix 1,
character 47) considered feature to be equivalent to
“strut B” of Zusi and Jehl (1970: fig. 2). Fenestra
ventrolateralis (new term), synonymous with the ac-
cessorische Gamenlucken of Hofer (1949) and
treated elsewhere, corresponds to a subcircular en-

NO. 37

closure delimited caudad by coplanar intersection of
strut “A” (margo ventrolateralis of pars palatus
maxillare to arcus jugalis) and strut “B” (arcus juga-
lis to margo dorsolateralis of pars palatus maxillare).
The two struts can be so tightly coalesced in some
taxa as to make differentiation problematic. After
Chu (1998), the comparatively tenuous and uncom-
mon strut “A”—pons maxillaro-jugalis dorsalis (new
term)—is not considered here, instead focus is on the
generally robust strut “B”—pons maxillaro-jugalis
ventralis (new term).

0413. Os maxillare, processus jugalis, lamina pala-
tina (new term), status and forma sensu terminus
caudalis (ordered):

a. absent;

b. present, rostrocaudally abbreviate, extends
moderately caudad processus palatus;

c. present, rostrocaudally elongate, extends mark-
edly caudad to processus palatus.

Note.—New term refers to a medial shelf that ex-
tends caudad to processus palatus et os lacrimale.
See: Livezey (1998b: appendix A, character 31),
which related position of processus jugalis with ap-
ertura nasi ossea; Barsbold and Osmolska (1999),
pertaining to caudal extent of processus nasalis rela-
tive to that of processus jugalis in Velociraptor.

0414. Os maxillare, corpus ossis et processus pre-
maxillaris, pneumaticity—recesses, foramina, cellu-
lae pneumatica related to sinus maxillaris rostralis of
Witmer (1990)—status et forma (unordered):

a. absent;

b. present, large, shallow recessus;

c. present, large, deep recessus, latter penetrating
most of processus premaxillaris;

d. present, variable combination of foramina and
cellulae pneumaticae.

Note.—See: Witmer (1990: 372, character 15);
Cracraft and Clarke (2001: appendix 2, character 16),
regarding “recessus pneumatici [paranasales] maxil-
laris rostralis,” provisionally considered synonymous
with “rostral maxillary sinus,” and considered pres-
ent in avian outgroups and Hesperornis; Cracraft and
Clarke (2001: appendix 2, character 17), considered
“caudal maxillary sinus” synonymous and present in
avian outgroups and Hesperornis; G. Mayr (2003a:
appendix I, character 8).

0415. Os maxillare, processus palatus (new term),
sectio caudolateralis, facies ventralis, single, large fo-
ramen pneumaticum rostral to junctura with arcus
jugalis, status:

a. absent; b. present;

x. noncomparable (Dinornithiformes).

0416. Os maxillare, processus nasalis, foramen,
status et forma (unordered):

a. present, single; b. present, double;

c. absent.



2006 LIVEZEY AND ZUSI—PHYLOGENY OF NEORNITHES 85

Note.—See: Witmer (1997), regarding Archaeop-
teryx; Chiappe et al. (1999: figs. 14-16), regarding
Confuciusornis. Doubtful that foramen considered
here is homologous with foramina antorbitales situ-
ated within suturae (e.g., fenestra antorbitalis ex-
terna or fenestra promaxillaris), but likely state “a”
is homologous with the “fenestra maxillaris” of Al-
bertosaurus (Witmer 1997: fig. 30)

0417. Os maxillare, processus nasalis, ramus dor-
salis, prominence and lateromedial exposure, forma
(repectively):

a. substantial, present;

b. reduced, slight or absent.

Note.—See: Chiappe (1996b: character 6), with
respect to bifurcation of os maxillare, processus na-
salis into rami dorsalis et ventralis (new terms);
Livezey (1998b: appendix A, character 30); Chiappe
(2001a: appendix 1, character 7); Norell and Clarke
(2001: appendix I, character 10), treated similarly by
J. A. Clarke (2002: appendix I, character 10), J. A.
Clarke and Norell (2002: appendix 2, character 10),
and J. A. Clarke (2004: appendix 1, character 10);
Chiappe (2002: appendix 20.2, character 7); Chiappe
and Lacasa-Ruiz (2002), regarding Noguerornis;
Zhou and Zhang (2002: appendix III, character 10);
Ji et al. (2005: supplement, part I, character 10).

0418. Os maxillare, processus nasalis, ramus ven-
tralis (lateral perspective), involvement in margo
rostralis of fenestra antorbitalis, status et forma (or-
dered):

a. present, extensive;

b. present, limited by small dorsal fragmentum of
processus maxillaris of os nasale contacting os pre-
maxillare and thereby excluding os maxillare;

c. absent, including absence of dorsal fragmentum
of os maxillare.

Note.—See: Norell and Clarke (2001: appendix I,
character 11), treated similarly by J. A. Clarke (2002:
appendix I, character 11), J. A. Clarke and Norell
(2002: appendix 2, character 11), and J. A. Clarke
(2004: appendix 1, character 11); Zhou and Zhang
(2002: appendix III, character 11); Ji et al. (2005:
supplement, part I, character 11).

0419. Os macxillare, processus palatus (new term),
breadth and contribution to palatum osseum, status:

a. present, broad and contributing significantly to
palatum osseum;

b. present, but narrow.

Note.—Processus palatus of os maxillare formerly
referred to as “the maxillopalatines” or “palatal
shelf.” See: Ostrom (1976a); Gauthier (1986: 13), as
synapomorphy of Ornithurae; J. M. Clark et al.
(1994); Elzanowski (1995: character ?PG’2); Elza-
nowski (1995: character ?PG’3); Sues (1997: appen-
dix 1, character 19); Xu et al. (1999a: character 7);
Xu et al. (1999a: character 3), with respect to “sec-

ondary bony palate”; Azuma and Currie (2000: ap-
pendix 1, character 78); Hughes (2000: appendix 2,
characters 48-49); Xu (2002: suite II, character 74);
also see: Norell et al. (2001: appendix 1, character
32); J. M. Clark et al. (2002a: appendix 2.2, charac-
ters 26 [contributions by ossa premaxillare, maxil-
lare, et vomeris], 27 [midline ventral denticulate emi-
nentia]); Maryanska et al. (2002: appendix 1, char-
acter 7), with respect to junctura interpremaxillaris;
Hwang et al. (2004: characters 25-26); G. Mayr
(2004b: appendix 1, character 8); G. Mayr and Eric-
son (2004: appendix I, character 7); Xu and Norell
(2004: supplement, characters 25-26).

0420. Os maxillare, processus palatus (new term),
ala caudalis (new term), status et forma (unordered):

a. present, simple blade, shell, or cone, with vari-
able numbers (typically few) of exposed (typically
coarse) trabeculae pneumaticum;

b. present, largely enclosed, variably inflated
prominentia, containing numerous, typically fine,
uniformly distributed trabeculae pneumaticum, pro-
ducing spongiform internum;

c. present, largely open, variably inflated promi-
nentia, composed of numerous, exposed, typically
fine, uniformly distributed, trabeculae pneumaticum,
producing spongiform corpus;

d. absent;

X. noncomparable by synostosis or component el-
ements (Apteryx, Sula, Pelecanus, Balaeniceps, Ste-
atornis).

Note.—See: Strauch (1978: character 13), reana-
lyzed by Bjorklund (1994: appendix) and Chu
(1995); S. F. Simpson and Cracraft (1981: character
12); Cracraft (1985: character 10); Strauch (1985:
character 2); Siegel-Causey (1997: table I, character
9); K. Lee et al. (1997: appendix 1, character 57),
with respect to “maxillopalatine antrum” of some
ratites; Chu (1998: appendix 1, character 44);
Livezey (1998b: appendix A, character 28).

0421. Os maxillare, processus palatus (new term),
synostosis medialis, status et forma (unordered):

a. absent;

b. present, excluding septum interorbitalis;

¢. present, including septum interorbitalis.

Note.—See: Strauch (1978: character 12), reana-
lyzed by Bjorklund (1994: appendix) and Chu
(1995); S. F. Simpson and Cracraft (1981: character
12); Cracraft (1985: characters 1, 8, and 10); J. M.
Clark et al. (1994); K. Lee et al. (1997: appendix 1,
character 57); Siegel-Causey (1997: table I, character
9); Livezey (1998b: appendix A, character 28); G.
Mayr (2003b: appendix I, character 4), regarding
“desmognathy”; G. Mayr and Clarke (2003: appen-
dix A, character 11); Dyke and van Tuinen (2004:
appendix 1, character 4); G. Mayr (2004a: appendix
1, character 4).
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0422. Os macxillare, processus palatus (new term),
pneumatic inflation, synostosis symphysialis media-
lis, broad lateral separation from ossa palatini, and
caudad extension to (ventrally distinguishable) sutu-
rae palatinomaxillares, status:

a. absent; b. present.

Note.—See: S. F. Simpson and Cracraft (1981:
character 12); Cracraft (1985: characters 1 and 10);
Holdaway (1991: appendix 5.1, character 4); Ericson
(1997: table 1, character 10); Livezey (1997a: appen-
dix 1, character 38; corrigenda, Livezey 1998a);
Siegel-Causey (1997: table I, character 9); Chu (1998:
appendix 1, character 44); Livezey (1998b: appendix
A, character 28); G. Mayr (2004a: appendix 1, char-
acter 3).

0423. Os maxillare, processus palatus (new term),
elaboration as sinus maxillaris caudalis (new term),
status:

a. absent; b. present.

Note.—Character formerly referred to as “cup-
shaped caudal sinus.” See: Witmer (1990: 371, char-
acters 2 and 4); Chiappe et al. (1998: character 3); Ji
et al. (1998: supplement, character 3); Chatterjee
(1999: appendix II, character 24); Chiappe (2001a:
appendix 1, character 8); Chiappe (2002: appendix
20.2, character 8); Chiappe and Lacasa-Ruiz (2002),
regarding Noguerornis.

0424. Os maxillare, processus palatus (maxillo-
palatinus), hamulate prominentia medialis maxillaris
(new term), status:

a. absent; b. present.

Note.—See: Xu et al. (2002a: supplement, charac-
ter 19), regarding “palatal shelf of maxilla. .. with
midline ventral ‘toothlike’ projection”; Maryanska et
al. (2002: appendix 12, character 12), regarding “two
longitudinal ridges and a toothlike process” in “pala-
tal shelf of maxilla.”

0425. Os maxillare, processus maxillaris, regio in-
fra-orbitalis, bilateral medial compression, status:

a. absent; b. present.

Note.—See: Maryanska et al. (2002: appendix 1,
character 10).

Os Palatinum

0426. Os palatinum, forma generalis (ventral per-
spective) related to partes rostralis et/aut jugalis:

a. both partes (including jugals) present, element
“tetraradiate” (subrectangular or trapezoidal) in
ventral aspect;

b. pars jugalis absent, element “triradiate” or tri-
angular in ventral aspect.

Note.—See: Ligon (1967: fig. 1); Payne and Risley
(1976: character 2), regarding Ardeidae; Cracraft
(1982: series 4, character 1), regarding Gestalt of ossa
palatini of Gaviidae and Podicipedidae; Cracraft

NO. 37

(1988: series VII, character 5); Cracraft and Mindell
(1989: table 1, character 31); Chatterjee (1991: char-
acter 27), regarding apparently apomorphic Gestalt
combining short, complex os pterygoideum with
elongate, narrow os palatinum in Hesperornis;
Sereno (1991a: appendix), regarding fenestra ptery-
gopalatina (new term) in Ornithosuchia; Elzanowski
(1995: character ?N11); Ericson (1996: character 5);
Chiappe et al. (1998: character 5); J. D. Harris (1998:
appendix 2, character 29); Ji et al. (1998: supplement,
character 5), with respect to processus “jugalis” (pars
lateralis); Currie and Carpenter (2000: appendix 1,
character 31); Holtz (2000 [1998]: appendix I, char-
acter 76); Chiappe (2001a: appendix 1, character 10);
Cracraft and Clarke (2001: appendix 2, character 36);
Norell et al. (2001: appendix 1, character 65); Chi-
appe (2002: appendix 20.2, character 10); J. M. Clark
et al. (2002a: appendix 2.2, character 65); Maryanska
et al. (2002: appendix 1, character 64); Xu (2002:
suite I, suite II, character 103); Xu et al. (2002a:
supplement, character 48); Currie et al. (2003: ap-
pendix, character 43); Rauhut (2003: character 65);
Hwang et al. (2004: supplement, character 64); G.
Mayr (2004b: appendix 1, character 11), regarding
planar expanse; Xu and Norell (2004: supplement,
character 64).

0427. Ossa premaxillare, maxillare et palatinum—
palatum osseum—expansion rostrad of palatum ros-
tral from choanae to crista tomialis largely by sutura
ventromediana inter(pre)maxillaris and closure of
fissura interpalatina, status:

a. present, palatum osseum (intertomialis) rostra-
lis divided mediad by variably wide and conformed
fissurae et/aut fenestrae;

b. absent, palatum intertomialis ventral to regio
nasales obsolete.

Note.—Assessments confounded by a diversity of
pneumatic expansions in pars rostralis palati ossium.

0428. Os palatinum, pars jugalis, distal expansion,
status et forma (ordered):

a. absent; b. present, moderate;

c. present, extreme, effecting articulatio jugo-
palatina.

Note.—See: Payne and Risley (1976: character 2),
regarding Ardeidae; Sereno et al. (1996: footnote 45,
character 43), in reference to “flange-shaped process
for lacrimale”; J. D. Harris (1998: appendix 2, char-
acter 32); Currie and Carpenter (2000: appendix 1,
character 34); Holtz (2000 [1998]: appendix I, char-
acter 77) regarding distal expansion of “jugal pro-
cess” of os palatinum.

0429. Os palatinum (especially pars lateralis),
marked ventral angling relative to rostrum parasphe-
noidale, status:

a. absent; b. present.

Note.—See: D. W. Thompson (1899).
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0430. Os palatinum, pars maxillaris, abrupt medial
curvature caudally producing a rostral segment in
which the paired elements are parallel and widely
separated, and laminae choanales ventrales are par-
allel and narrowly separated, status (unordered):

a. absent; b. coplanar; c. present.

Note.—See: Livezey (1997a: appendix 1, charac-
ter 39; corrigenda, Livezey 1998a).

0431. Os palatinum, processus rostralis, junctura
palatinomaxillaris, position relative to junctura jugo-
(pre)maxillaris:

a. medioventral; b. mediodorsal.

Note.—See: Strauch (1978: character 13); Livezey
(1997a: appendix 1, character 40; corrigenda, Livezey
1998a).

0432. Os palatinum, processus rostralis, union
with os vomeris by suturae (sutura vomeropalatina)
or fusion rostral to choana ossea, status:

a. absent; b. present.

Note.—See Zusi and Livezey (2006).

0433. Os palatinum, processus rostralis, promi-
nent, obliquely oriented plica terminating rostrally at
zona flexoria palatina, status:

a. absent; b. present.

Note.—Unlike some aspects of palatinum includ-
ing rostralmost portions of element—e.g., uniformity
of width to sutura palatinomaxillaris (Strauch 1978:
character 13; Livezey 1998b: appendix A, character
32; Sereno 2001: table 2, character 41)—this autapo-
morphy evident despite synostosis as it characterizes
a comparatively differentiable palatum osseum.

0434. Os palatinum, pars choanalis, lamella dor-
salis, facies dorsolateralis, recessus pneumaticus
opening rostrally and positioned at basis partis max-
illaris, status:

a. absent; b. present.

Note.—See: Holdaway (1991: appendix 5.1, char-
acter 6).

0435. Os palatinum, pars choanalis, lamella dor-
salis, facies dorsolateralis, dense fenestration permit-
ting transverse penetration of paired elements im-
mediately ventral to rostrum parasphenoidale, sta-
tus:

a. absent, including taxa possessing few pori aut
fenestrae;

b. present.

Note.—See: Heerwagen (1889).

0436. Os palatinum, pars choanalis, lamella dor-
salis, margo choanalis, loss or severe reduction of
dorsal component, margo nasalis essentially copla-
nar with facies ventralis of lamina, status:

a. absent; b. present.

Note.—See: Siegel-Causey (1988: characters 31—
32).

0437. Os palatinum, pars choanalis, lamella dor-
salis, margo choanalis, pronounced funnel-like con-
formation, including pronounced lateromedial con-
striction of lateral and medial surfaces of lamina
choanalis dorsalis, resulting in almost complete, bi-
lateral closure of aperturae choanae rostrally (asso-
ciated with breadth of os vomeris medial to margo
rostralis opposite point of constriction of lamina
choanalis dorsalis), status:

a. absent; b. present.

Note.—See: G. Mayr (2003a: appendix I, charac-
ter 9); G. Mayr (2004b: appendix 1, character 9).

0438. Os palatinum, pars choanalis, lamella dor-
salis, margo choanalis, caudal elongation so as to
reduce margo dorsalis to relatively short segment
(bordered caudally by pars pterygoideus), status:

a. absent; b. present;

X. noncomparable because of unique complexus
articulationum (palaecognathous Neornithes).

0439. Os palatinum, pars choanalis, lamella dor-
salis, margo dorsalis, bilateral compression and syn-
ostosis forming prominent carina, status:

a. absent; b. present.

Note.—See following character.

0440. Os palatinum, pars choanalis, lamella dor-
salis, margo medialis, synostosis interpalatina media-
lis, possibly including pars palatina pterygoidea et os
vomeris, if present and interposed, status et forma
(ordered):

a. absent, elements distinguishable, including at
least as distinct sutura interpalatina;

b. present, but not forming prominent carina me-
dialis;

c. present and producing ventrally prominent ca-
rina medialis.

Note.—See: Cracraft (1988: series VIII, character
2); Rowe and Gauthier (1990); J. D. Harris (1998:
appendix 2, character 31); Currie and Carpenter
(2000: appendix 1, character 33); Livezey (1998b: ap-
pendix A, character 37), regarding relative length of
“fissura interpalatina”; Holtz (2000 [1998]: appendix
I, character 75); G. Mayr (2003a: appendix I, char-
acter 10); G. Mayr and Clarke (2003: appendix A,
character 15), emphasizing crista (carina medialis)
and synostosis interpalatinus medialis, respectively;
Dyke and van Tuinen (2004: appendix 1, character
8); G. Mayr (2004a: appendix 1, character 8); G.
Mayr (2004b: appendix 1, character 10).

0441. Os palatinum, pars choanalis, lamella ven-
tralis, status (ordered):

a. absent; b. rudimentary or vestigial;

¢. prominent.

Note.—See: Ericson (1997: table 1, character 9;
table 2, character 8); Zusi and Livezey (2006).
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0442. Os palatinum, pars choanalis, lamella ven-
tralis, medial synostosis to form a ventrally closed
fossa choanalis, status:

a. absent; b. present.

0443. Os palatinum, pars choanalis, lamella ven-
tralis, position of angulus caudomedialis relative to
that of pars lateralis, margo caudalis, situs rostrocau-
dalis (ordered):

a. rostral; b. coincident; ¢. caudal;

x. noncomparable where pars lateralis absent, ru-
dimentary, or extensively synostotic.

Note.—See: Livezey (1998b: appendix A, charac-
ter 33); Hughes (2000: appendix 2, character 47); G.
Mayr (2002a: appendix 1, character 2); Pascotto and
Donatelli (2003); G. Mayr (2005b: appendix A, char-
acter 2).

0444. Os palatinum, pars choanalis, lamella ven-
tralis, medial separation of bilateral lamellae, forma
(ordered):

a. moderate;

b. great; ¢. extreme.

0445. Os palatinum, pars choanalis, margo (ala)
ventralis, processus rostromedialis (new term), status:

a. absent or minute; b. distinct;

x. noncomparable (Dinornithiformes).

Note.—See: Strauch (1985: character 3); Cracraft
(1988: series XV, character 1); Livezey (1998b: ap-
pendix A, character 34).

0446. Os palatinum, pars choanalis, lamella ven-
tralis, processus rostromedialis (if present), rostro-
medial convergence, status et forma (ordered):

a. absent;

b. present, separate throughout length;

c¢. present, synostotic rostrally.

Note.—See: Pascotto and Donatelli (2003: figs.
12-13), regarding “angulus caudomedialis of crista
ventralis of lamina choanalis” after nomenclature of
Zusi fide Baumel and Witmer (1993: annotation 64).

0447. Os palatinum, pars lateralis, status (ordered):

a. absent; b. rudimentary or vestigial;

c. well developed.

Note.—See: Payne and Risley (1976: characters 2
and 4), regarding Ardeidae; Livezey (1997a: appen-
dix I, characters 41-42; corrigenda, Livezey 1998a);
Zusi and Livezey (2006).

0448. Os palatinum, pars lateralis, tumulus ven-
tralis (new term), status:

a. absent; b. present.

Note.—See: Stephan (1979), a comprehensive at-
las of Spheniscidae.

0449. Os palatinum, pars lateralis, marked rostro-
caudal foreshortening, in which rostrocaudal dimen-
sion is approximately equal to or less than latero-
medial dimension, status:

a. absent; b. present.

NO. 37

Note.—See: Payne and Risley (1976: character 3),
regarding Ardeidae.

0450. Os palatinum, pars lateralis, distinct dorsal
sloping caudally toward facies articularis parasphe-
noidalis, resulting in apparent lateral torsion of pars
lateralis about longitudinal axis, status:

a. absent; b. present.

0451. Os palatinum, pars lateralis, marked caudo-
lateral orientation, status:

a. absent; b. present.

Note.—See: G. Mayr et al. (2003: appendix 1,
character 10).

0452. Os palatinum, pars lateralis, margo lateralis
broad and rounded, status:

a. absent; b. present.

Note.—See: G. Mayr (2002a: appendix 1, charac-
ter 3), with respect to Caprimulgiformes; G. Mayr
et al. (2003: appendix 1, character 10); G. Mayr
(2005b: appendix A, character 3).

0453. Os palatinum, pars lateralis, margo lateralis,
processus accessorius (new term), status:

a. absent; b. present;

X. noncomparable, pars lateralis absent (palaeo-
gnathous Neornithes).

Note.—The medial position of the spina relative
to the angulus caudolateralis merits study. See:
Livezey (1997a: appendix 1, character 42; corrigenda,
Livezey 1998a); Livezey (1998b: appendix A, char-
acter 35).

0454. Os palatinum, pars lateralis, angulus (pro-
cessus) caudolateralis, status:

a. present; b. absent;

x. noncomparable (palaeognaths, Psittaciformes,
Opisthocomus, Caprimulgiformes exclusive Steator-
nithidae).

Note.—See: Payne and Risley (1976: characters
2 and 4), regarding Ardeidae; Holdaway (1991: ap-
pendix 5.1, character 5); Livezey (1997a: appendix 1,
characters 41-42; corrigenda, Livezey 1998a);
G. Mayr (2002a: appendix 1, character 2), with re-
spect to Caprimulgiformes; G. Mayr (2003a: appen-
dix I, character 11); G. Mayr and Clarke (2003: ap-
pendix A, character 16); Dyke and van Tuinen (2004:
appendix 1, character 9); G. Mayr (2004a: appendix
1, character 9); G. Mayr and Ericson (2004: appendix
I, characters 8 [angulus] and 9 [pars per se]).

0455. Os palatinum, pars lateralis, fossa ventralis,
continuity rostrad with choana ossea, and continua-
tion of fossa to midline on lamina choanalis ventralis,
status:

a. absent; b. present;

x. noncomparable (Dinornithiformes).

Note.—See: G. Mayr (2002a: appendix 1, charac-
ter 4), with respect to Caprimulgiformes.
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0456. Os palatinum, pars lateralis, immediately
lateral to rostral terminus of fossa ventralis, promi-
nentia muscularis (new term), status:

a. absent; b. present;

x. noncomparable (Dinornithiformes).

0457. Os palatinum, pars lateralis, fossa ventralis,
crista obliqua (new term), a rostral, sharply defined,
sloping crista that defines a second, smaller, rostral
fossa in pars lateralis palatini, status:

a. absent; b. present.

0458. Os palatinum, pars pterygoideus, processus
pterygoideus, status (ordered):

a. absent or rudimentary;

b. present, moderately developed;

c. present, extensively developed.

Note.—See: Cracraft (1985: character 1), referred
to as “mediopalatine process”; Zusi and Livezey
(2006).

0459. Os palatinum, pars pterygoideus, crista dor-
salis (new term), status:

a. absent; b. present, variably developed.

Note.—In some taxa, lamella forms (bilaterally)
amplexus rostri parasphenoidalis. Originally scored
for prominence as well as status, varation within Ral-
lidae (Livezey 1998b) and unacceptable subjectivity
prompted a retreat to binary status. See: Holdaway
(1991: appendix 5.1, character 8), in reference to
prominent crista serving as amplexus rostri para-
sphenoidalis in some falconiforms; G. Mayr and
Clarke (2003: appendix A, character 21); Dyke and
van Tuinen (2004: appendix 1, character 14).

0460. Ossa palatinum et ectopterygoideum, inter-
posed fenestra ectopterygopalatina (new term),
status:

a. absent, sutura ectopterygopalatina continuous;

b. present; x. noncomparable (Neornithes).

Note.—Nomenclature for this lacuna or fenestra
suturalis—between ossa within the junctura (syndes-
mosis) pterygopalatina—after Elzanowski (2001).
See: Ostrom (1969); Gauthier (1986: text character
53); Sereno (1991a: appendix, ingroup-clades char-
acter 17); Russell and Dong (1994a [1993a]: table 2,
character 13); Russell and Dong (1994b [1993b]: list
A, character 1); Holtz (1994a: appendix 1, character
79); Currie (1995: appendix, character 18); Elza-
nowski (1995: 40, fig. 1, character unindexed), re-
garding “subsidiary fenestra”; Sues (1997: appendix
1, character 6); Forster et al. (1998: supplement,
character 13); J. D. Harris (1998: appendix 2, char-
acter 30); Xu et al. (1999a: character 12); Xu et al.
(1999b: character 12); Azuma and Currie (2000: ap-
pendix 1, character 86); Currie and Carpenter (2000:
appendix 1, character 32); Holtz (2000 [1998]: appen-
dix I, characters 79-80); Maryanska et al. (2002: ap-
pendix 1, characters 65 and 69); Elzanowski (2002),
for Archaeopteryx; Norell et al. (2001: appendix 1,

character 66); J. M. Clark et al. (2002a: appendix 2.2,
character 64); Elzanowski (2002), for recent recon-
struction of Archaeopteryx; Maryanska et al. (2002:
appendix 1, character 68); Xu (2002: II, character
233); Xu et al. (2002b); Rauhut (2003: character 68).
P. Currie (pers. comm.) concluded this feature cor-
responded to the “ventral fossa,” and that tyranno-
saurids lacked such a fenestra (contra Rauhut 2003)
as os ectopterygoideum extends to os palatinum in
this taxon; Hwang et al. (2004: supplement, character
63); Xu and Norell (2004: supplement, character 63).

Ossa Vomerae (synostotic pair of which forming
“vomer”

Note.—In application to Reptilia sensu lato, in-
cluding birds, the term “vomer” poses nomenclatural
problems or points of potential confusion. First,
paired primordia of the “vomer” occur in Aves and
undergo variably complete synostosis during ontog-
eny (Hofer 1949; Baumel and Witmer 1993: annota-
tion 68); i.e., the “vomer” is the collective term for
the composite skeletal structure comprising bilater-
ally paired constituent subparts or ossa vomeris
sinistris et dextrus. This composition is reflected in
the terms “ossa prevomera” (Goodrich 1958), “the
two vomers” (Romer 1956: 62), and less clearly “the
vomer, which meets its partner anteriorly and ex-
tends back medial to the internal naris” (Romer
1956: 235). The distinct pair of broad palatal
“vomera” in the seymouriaform Kotlassia (Romer
1956: fig. 34B) present an extreme example of sepa-
rate vomerine elements. Dinosauria exclusive of the
Theropoda retain separate, paired ossa vomerae
(Gauthier 1986; Elzanowski and Galton 1991; Elza-
nowski and Wellnhofer 1996), and symphysis inter-
vomeralis appears to be synapomorphic of
Theropoda (Erdmann 1940). Extreme avian cases
are afforded by the Dinornithiformes (Pachyornis
australis; two specimens) and Picidae, in which the
paired primordia remain separate throughout life.
Second, the syntactical implication that “the vomer”
is a single, medial element ontogenetically distinct
from other paired cranial elements, seems to derive
from the situation in Mammalia.

These issues prompt a clarification of nomencla-
tural usage, one that serves not only to clarify the
vomer from its constituent ossa vomeris, but also to
point out parallel instances in which skeletal “struc-
tures” (e.g., vomer, sternum, coracoideum, carpo-
metacarpus, and tarsometacarpus) are explicitly dis-
tinguished from the variably synostotic bones that
each comprise. Note that two distinct types of such
structural constitution, coincident in some taxa, ap-
ply: (i) median union of bilateral pairs of the same
element (e.g., ossa vomeris); (ii) unilateral union of
formerly distinct elements (e.g., ossa procora-
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coideum, acrocoracoideum et sternocoracoideum,
ossa carpi distalia et metacarpi) into a single bone-
like structure (e.g., coracoideum and carpometacar-
pus, respectively); and (iif) unions involving both bi-
lateral and unilateral pairs of homologous elements
to form a single, variably synostotic structure, typi-
cally treated as a single “bone” (sternum).

Throughout this work, homologous elements or
bones sensu stricto are distinguished by the antece-
dent os followed by a genitive singular modifier,
whereas composite structures lack the foregoing bi-
terminological form. This convention, if explicitly
recognized and applied, clearly permits the bi-
osseous composition (ossa vomeris) of the structure
(vomer) in birds. As need for clarification and no-
menclature of homologous structures expands taxo-
nomically, the constituency of the clavicula, femur,
tarsometatarsus, etc., will become necessary, requir-
ing the explicit distinction of these skeletal “struc-
tures” from elemental “bones.” Together with estab-
lishment of interclass homologies of the latter, these
issues pose significant but essential challenges for
phylogenetics of the highest orders.

Unfortunately, the comparably situated structure
of mammals is of questionable homology to the bi-
laterally paired ossa that characterize Reptilia (Good-
rich 1958). The nomenclature espoused above clari-
fies issues of structure and homology in Aves, but is
not intended to imply a dubious homology with the
apparently unipartite “vomer” of Mammalia.

For purposes of this analysis, we retain the struc-
turally composite term vomer comprising variably
synostotic constituent elements or ossa vomeris. We
differ from the third-declension “ossa vomera” of
Sereno (1991a: 14) on the basis of gender (vomer
being masculine, not neuter). Should the need arise,
the essential (third) declensions for the elemental
constituents of the structure “vomer” are as follows:
nominative singular, vomer; genitive singular, vom-
eris (“of the vomer”); nominative plural, vomeres
(“vomers”); and genitive plural, vomerum (“of the
vomers”). Only the structural or collective term “vo-
mer” and the nominative singular for one of the bi-
lateral constituents (“vomer”) are identical. The ad-
jectival form (singular) is “vomeralis.”

All characters of ossa vomeris are noncomparable
in numerous Neornithes evidently (or apparently)
lacking distinguishable ossa vomeris (e.g., some Gal-
liformes, Pelecaniformes, Columbiformes, Coracii-
formes, Piciformes), and minority of others not cod-
able if bilateral elements are not synostotic.

0461. Ossa vomeris, status modalis definitivum:

a. present, variably developed; b. absent.

Note.—See: Cracraft (1985: character 9); Hold-
away (1991: appendix 5.1, character 7); J. M. Clark et
al. (1994); Rotthowe and Starck (1998: appendix,
character 30), who cited Cracraft (1988) as source;
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G. Mayr (2003a: appendix I, character 12); G. Mayr
and Clarke (2003: appendix A, character 18); Dyke
and van Tuinen (2004: appendix 1, character 11); G.
Mayr (2004b: appendix 1, character 12); G. Mayr and
Ericson (2004: appendix I, character 12), assigned
apomorphic state for Columbidae and Pteroclidae.

0462. Vomer (synostotic ossa vomeris), corpus vo-
meris (ossa vomeris exclusive of extremitates rostralis
et caudalis) in planum transversus, forma (unordered):

a. strutlike, variable;

b. bladelike, primary feature is bilateral compres-
sion with dorsoventral deepening, in Gruiformes
and Charadriiformes the dorsal margin tending to
“Y-shaped” caudally;

¢. cruciate, ventral portion a dorsoventrally ori-
ented blade, with dorsal portion perpendicular and
bilaterally expanded;

d. laminate, primary feature is bilaterally broad-
ening;

e. cylindrical.

Note.—See: Cracraft (1988: series XIII, character
3); G. Mayr and Clarke (2003: appendix A, character
20); Dyke and van Tuinen (2004: appendix 1, char-
acter 13).

0463. Vomer, corpus vomeris, marked pneumatic-
ity throughout, status:
a. absent; b. present.

0464. Vomer (synostotic ossa vomerum), corpus
vomeris, terminus rostralis, forma:

a. acuminate;

b. other, e.g., bifurcated, bilaterally divergent, or
rounded.

Note.—States in Apodiformes (Hemiprocne,
Cypseloides, Apus) require further study. See:
Cracraft (1986: appendix, character 46); Livezey
(1998b: appendix A, character 38); G. Mayr et al.
(2003: appendix 1, character 9); G. Mayr and Ericson
(2004: appendix I, character 13).

0465. Vomer, corpus vomeris, spina rostralis vo-
meris (new term; variably elongate rostral spine, dis-
tinguishable from basis of corpus proprius), status:

a. absent; b. present.

Note.—Apomorphy characterizes all Trochilidae
except possibly Colibri.

0466. Vomer, facies articularis palatina, rostro-
caudal extent relative to margo rostralis, pars max-
illaris, os palatinum:

a. former rostral to latter;

b. former caudal to latter.

Note.—See: Maryanska et al. (2002: appendix 1,
character 66).

0467. Vomer (synostotic ossa vomeris), processus
pterygoideus, status (ordered):

a. present; b. vestigial; c. absent.
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Note.—Assessment of Phoenicopterus requires
examination of juvenile. See: Cracraft (1988);
Livezey (1998b: appendix A, character 39); Rot-
thowe and Starck (1998: appendix, character 27), re-
garding incisura medialis processi.

0468. Vomer (synostotic ossa vomeris), processus
pterygoideus, caudally elongated with pronounced
lateral deflection, associated with lateral displace-
ment of sutura vomeropalatina relative to rostrum
parasphenoidale, status:

a. present; b. absent.

0469. Vomer (synostotic ossa vomeris), terminus
caudalis relative to basis cranii externa and associ-
ated articulatio vomerosphenoidalis (new term), sta-
tus:

a. terminating rostrad to basis cranii externa;

b. extending caudally to basis cranii externa, pro-
ducing an articulatio vomerosphenoidalis.

Note.—See: Russell and Dong (1994a [1993a]:
table 2, character 12); Xu et al. (1999a: character 11);
Holtz (2000 [1998]: appendix I, character 74); G.
Mayr and Ericson (2004: appendix I, character 14),
emphasizing invaginationes mediales.

Os Pterygoideum

Note.—Herein we consider the os pterygoideum
to comprise two parts—pars palatina (homologous
to “os mesopterygoideum”) and pars proprius, the
latter corresponding to os pterygoideum in most
adult birds (Zusi and Livezey 2006).

Synonyms include hemipterygoideum, antero-
pterygoideum; small element rostral to and associ-
ated with os pterygoideum (Baumel and Witmer
1993: 77). See: Pycraft (1901); Hofer (1945); Jollie
(1957); Gauthier (1986); Livezey (1986: appendix 1,
character 18); Livezey (1989: table 1, character 18);
Baumel and Raikow (1993: annotation 18); Weber
(1993); Elzanowski (1995: characters NG1, ?N12,
and ?PGo6), in the last he suggested that some taxa—
Anseriformes, Galliformes, Falconidae, and Alcidae—
lack a “hemipterygoideum” altogether; Kuroch-
kin (1995b); Elzanowski and Wellnhofer (1996); Er-
icson (1997: table 2, character 7); Livezey (1997a:
appendix 1, characters 44-46; corrigenda, Livezey
1998a); Rotthowe and Starck (1998: appendix, char-
acter 25); Holtz (2000 [1998]: appendix I, character
73); Manegold et al. (2004: characters 4-5), regard-
ing sutura mesopterygopalatina in some Piciformes;
G. Mayr and Clarke (2003: appendix A, character
19), limited to synostosis caudalis; Dyke and van
Tuinen (2004: appendix 1, character 12); Zusi and
Livezey (2006).

Where both partes palatina et proprius of os
pterygoideum (i.e., partitioned homologues of pri-
mordial os pterygoideum) are divided in the adult,
the resultant articulationes assume several forms, in-

cluding a single vertically oriented articulatio of the
caudal part with the rostral complex of os palatinum
and pars palatina of the os pterygoideum, and others
where there are both dorsal (horizontal) and caudal
(vertical) facies; condition in anseriforms is elabo-
rate and possibly should be treated as a separate
state. The situation exemplified by the primordial os
pterygoideum with respect to adult morphology is
paralleled with others in the palatal-rostral part of
the skull, in which primordia are partitioned during
ontogeny to enable kinesis and synostosis among dif-
ferent elements (e.g., pars maxillaris palatini with os
maxillare, with caudal zona flexoria, and portions of
ossa nasales with ossa frontales caudad to zona
flexoria craniofacialis).

0470. Os pterygoideum, corpus pterygoidei (new
term), distinctly angular form and concave margo
dorsalis, status:

a. present, with obtuse angulus between facies ar-
ticularis para(basi)sphenoidalis and axis longus of
processus palatinus pterygoidei;

b. absent, facies articularis para(basi)sphenoidalis
aligned (defining straight angulus) with axis majoris
of processus palatinus pterygoidei.

Note.—See: W. K. Parker (1891b: 55-56); Mc-
Dowell (1948: 527-528); Jollie (1957: 420); Witmer
and Martin (1987: character 3); Houde (1988: 20, 47);
K. Lee et al. (1997: appendix 1, character 54); Norell
and Clarke (2001: appendix I, character 24), in ref-
erence to “kinking” of element, treated similarly by
J. A. Clarke (2002: appendix I, character 24), J. A.
Clarke and Norell (2002: appendix 2, character 24),
and J. A. Clarke (2004: appendix 1, character 24);
Zhou and Zhang (2002: appendix III, character 24);
G. Mayr and Ericson (2004: appendix I, character
11), who cited “inflated” os pterygoideum as uniting
Columbidae and Pteroclidae; Ji et al. (2005: supple-
ment, part I, character 24), in terms of “kinked”
pterygoideum.

0471. Os pterygoideum, corpus pterygoidei (new
term), facies dorsalis, recessus pneumaticus, status:

a. absent; b. present.

Note.—See: Chu (1998: appendix 1, character 50),
with respect to foramen pneumaticum in “processus
quadraticus, facies medialis adjacent to facies articu-
laris dorsalis quadratica of Johnson (1984)” in mod-
ern larids.

0472. Os pterygoideum, corpus pterygoidei (new
term), facies lateralis, ala lateralis (new term), status:
a. well developed; b. reduced or absent.

Note.—See: Norell et al. (2001: appendix 1, char-
acter 64); J. M. Clark et al. (2002a: appendix 2.2,
character 63); Xu (2002: suite II, character 102); Xu
et al. (2002a: supplement, character 47), who re-
ferred to “flange of pterygoid well developed ... or
reduced.” Multiple examples are provided by Romer
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(1956); Hwang et al. (2004: supplement, character
62); Xu and Norell (2004: supplement, character 62).

0473. Os pterygoideum, corpus pterygoidei (new
term), facies ventralis, pronounced lateral curvature
(convexitas) between facies articularis palatini et fa-
cies articularis basipterygoidea (if present), status:

a. absent; b. present.

Note.—See: Murray and Vickers-Rich (2004:
fig. 143, character 1), regarding a “fossa on the
ventromedial surface of shaft” of ossa pterygoidea
in Dromornithidae, likely representing impressio
insertii m. pterygoideus, pars medialis, caput cau-
dale; Ji et al. (2005: supplement, part I, character 23).

0474. Os pterygoideum, facies articularis basi-
pterygoidea, situs pterygoidei:

a. pes pterygoideus, opposite processus orbitalis
quadrati;

b. corpus pterygoideus, facies articularis basi-
pterygoidea.

0475. Os pterygoideum, corpus pterygoidei (new
term), margo rostralis (ventral view), distinct bifur-
cation, status:

a. absent; b. present.

Note.—McDowell (1948) considered this feature
unique to Apterygidae; see related, unique sutura
pterygomaxillaris, in which contact is achieved by
pars medialis of bifurcated margo rostralis. See also:
Murray and Vickers-Rich (2004: fig. 143, character 4).

0476. Os pterygoideum, corpus pterygoidei (new
term), pars rostralis, pronounced dorsoventral com-
pression, typically associated with irregular fossa in
facies dorsalis, status:

a. absent; b. present.

Note.—See: G. Mayr and Ericson (2004: appendix
I, character 10), in terms of lateromedial expansion
in Aramus, Grus, and Opisthocomus.

0477. Os pterygoideum, corpus pterygoidei (new
term), pes pterygoidei, facies articularis palatina—
lateromedial separation of bilaterally paired extremi-
tates caudales (ventral view), and corresponding junc-
tura (articulatio) interpterygoidea—forma (ordered):

a. widely separated, juncturae well lateral from
rostrum parasphenoidale;

b. moderately or slightly separated, juncturae only
slightly lateral to rostrum or barely reaching planum
of rostrum parasphenoidale;

¢. not separated, articulatio aut sutura interptery-
goidea present.

Note.—Character concerns os pterygoideum ex-
clusive of pars palatina pterygoidei (mesopterygoi-
deum), whether continuous or partitioned by articu-
latio intrapterygoidea. In most neognathous birds,
this character concerns the expanded, ventrally ex-
posed terminus rostralis pterygoidei, i.e., “pes ptery-
goidei” (Johnson 1984); synonyms include “an-
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tepterygoideum” (Jollie 1957; Bock 1964). Homolo-
gous locus in palaecognathous birds is caudalmost
segment of sutura pterygopalatina.

0478. Os pterygoideum, facies articularis quad-
ratica relative to calvaria, situs:

a. significantly separated;

b. contact or overlapping.

Note.—See: Maryanska et al. (2002: appendix 1,
character 57). Also related regarding forma in
Dromornithidae, see Murray and Vickers-Rich
(2004: fig. 143, fig. 1, character 2).

0479. Os pterygoideum, pes pterygoidei, lamella
dorsalis (new term), status:

a. absent; b. present, variably prominent.

Note.—New term refers to lamella incorporating
facies articularis parasphenoidalis and associated
with os palatinum, pars pterygoideus, crista dorsalis
(if latter also present). See: Hughes (2000: appendix
2, character 45); Maryanska et al. (2002: appendix 1,
character 58), relative to “basal processus for a con-
tact with the basisphenoid.”

0480. Os pterygoideum, facies articularis palatina,
situs dorsoventralis (ventral perspective) of junctura
pterygopalatina relative to rostrum parasphenoidale,
situs dorsoventralis (ordered):

a. markedly ventral, articulatio pterygo-rostro-
parasphenoidalis absent;

b. slightly ventral, articulatio pterygo-rostropara-
sphenoidalis absent;

c. on rostrum, articulatio pterygo-rostropara-
sphenoidalis present.

Note.—Placements of Podargus and strigids com-
paratively troublesome (Zusi and Livezey 2006). The
character concerns whether pars proprius of os
pterygoideum continuous with the former or parti-
tioned by an articulatio intrapterygoidea. In the Gal-
liformes and Anseriformes, it is especially critical to
avoid confusion between the homologous point in
question (caudalmost point of facies articularis pala-
tina of “pes pterygoidei”) from the more-dorsal fa-
cies articularis basipterygoidea; note that taxa in
both states “a” and “b” are characterized by an ar-
ticulatio pterygobasipterygoidea but lack an articu-
latio pterygoparasphenoidalis. In most neognathous
birds, this character concerns the expanded rostral
end of os pterygoideum that is visible ventrally (“pes
pterygoidei”). The homologous locus in palacogna-
thous birds is the caudalmost part of the sutura
pterygopalatina. See: Livezey (1997a: appendix 1,
character 47; corrigenda, Livezey 1998a).

0481. Os pterygoideum, facies articularis basi-
pterygoideus (parasphenoidalis), forma:

a. simple, sessile; b. elevated, marginate;

X. noncomparable where processus basipterygoi-
deus lacking.
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Note.—See: Chatterjee (1991: character 26); Eric-
son (1997: table 1, character 7; table 2, character 5);
Chu (1998: appendix 1, character 49); Hughes (2000:
appendix 2, character 46); Norell and Clarke (2001:
appendix I, character 23), in reference to “pterygoid,
articular surface for basisphenoid”; treated similarly
by J. A. Clarke (2002: appendix I, character 23), J. A.
Clarke and Norell (2002: appendix 2, character 23),
and J. A. Clarke (2004: appendix 1, character 23); G.
Mayr and Clarke (2003: appendix A, character 24);
G. Mayr (2004a: appendix 1, character 13); Murray
and Vickers-Rich (2004: fig. 143, character 3).

0482. Os pterygoideum, facies articularis basi-
pterygoideus (parasphenoidalis), lamella faciei lat-
eralis (new term) overlapping processus basiptery-
goideus ossis parasphenoidale laterad, status:

a. absent; b. present.

0483. Os pterygoideum, extremitas quadratica
pterygoideus, facies articularis quadratica, forma:

a. only moderately enlarged relative to corpus
pterygoidei, subcondylar;

b. markedly broadened and dorsally elongate.

Note.—Extreme apomorphy manifested by
Cracidae, in which facies articularis quadratica
ossis pterygoidei approximates in depth os quad-
ratum.

0484. Os pterygoideum, processus dorsalis, forma
in which processus constitutes rectilinear jugum on
caudal one-third of facies caudodorsalis, and termi-
nus assuming form of rostrally directed tuberculum,
status:

a. absent; b. present.

Note.—Tuberculum terminalis continued by apo-
neurosis ossificans in Picidae. See: Hughes (2000: ap-
pendix 2, character 44), who mistakenly considered
the processus unique and uniformly present to Cu-
culidae. Processus, distinct from lamella dorsalis,
serves as ancora insertii m. protractor pterygoidei
sensu stricto.

Os Jugale

0485. Os jugale, status (at least with respect to
arcus jugalis):

a. present;

b. absent, arcus jugalis composed entirely of ossa
maxillare et quadratojugale.

0486. Os jugale, terminus rostralis relative to ap-
ertura nasi ossea, margo caudalis, situs proximo-
distalis:

a. separated, distinctly caudal;

b. proximate, approximately aligned.

Note.—See: Chiappe and Calvo (1994: appendix
I, character 7); Chiappe (1995b: character 7); Sanz et
al. (1995, 1997: character 7); Chiappe (1996: charac-
ter 7); Chiappe et al. (1996b: appendix 1, character

7); Chiappe (2001a: appendix 1, character 9); Chi-
appe (2002: appendix 20.2, character 9); Chiappe and
Lacasa-Ruiz (2002), regarding Noguerornis; Novas
et al. (2004: appendix, character 32), regarding “cau-
dal process” in Ornithischia.

0487. Os jugale, sectio sublacrimalis (new term),
forma:

a. tapering rostrad;

c. expanded.

Note.—Although variable, this segment of arcus
gives rise, where present, to tuberculum lacrimale
jugalis. See: Rauhut (2003: character 23).

0488. Os jugale, foramen (cavitas) pneumaticum,
status:

a. absent; b. present, on margo caudalis.

Note.—See: Houde (1988: table 27, character 11),
in reference to “foramen jugulare spurium”; Sereno
et al. (1994: footnote 12), as synapomorphy of Tet-
anurae; Sereno et al. (1996: footnote 45, character 4);
J. D. Harris (1998: appendix 2, character 12), Azuma
and Currie (2000: appendix 1, character 65), and
Currie and Carpenter (2000: appendix 1, character
15), regarding pneumaticity; Rauhut (2003: charac-
ter 26).

0489. Os jugale, facies medialis, foramen jugalis
medialis, status (new term):

a. absent; b. present.

Note.—See: J. D. Harris (1998: appendix 2, char-
acter 13); Currie and Carpenter (2000: appendix 1,
character 16), in reference to “jugal, foramen on me-
dial surface”; Norell et al. (2001: appendix 1, char-
acter 36); J. M. Clark et al. (2002a: appendix 2.2,
character 36); Xu (2002: suite II, character 82); Xu et
al. (2002a: supplement, character 27), in reference to
“medial jugal foramen present on medial surface
ventral to postorbital bar”; Hwang et al. (2004:
supplement, character 35); Xu and Norell (2004:
supplement, character 35).

b. rectangular, blunt;

0490. Os jugale, processus dorsalis (new term),
status:

a. present; b. absent;

x. noncomparable (Avialae).

Note.—In Mesozoic taxa, variably treated in
terms of structural vestiges of a direct junctura (ar-
ticulatio or sutura) or ligamentous connection be-
tween a “postorbital process” (whether of os postor-
bitale or os laterosphenoidale) and the arcus jugalis
(either of os jugale or os quadratojugale); this is dis-
tinct from more-rostral tuberculum lacrimale. Here
the Neornithes are treated as noncomparable based
on dubious homology of either or both of the dorsal
and ventral ossa involved.

See: Chatterjee (1991: character 10); J. M. Clark
et al. (1994); Forster et al. (1998: supplement, char-
acter 12, modified); Chatterjee (1999: appendix II,
characters 2 and 10, modified); Currie and Carpenter
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(2000: appendix 1, character 18); Holtz (2000 [1998]:
appendix I, character 59). New character with re-
spect to Neornithes, present in some modern taxa
(e.g., Bucerotidae). Refers to tuberculum for liga-
mentum laterospheno-jugale (e.g., in Bucerotidae;
D. Starck 1940); in Balaeniceps, the ligamentum
“postorbitale” encloses at least one os sesamoideum.

0491. Os jugale, processus dorsalis (new term),
contribution to pila postorbitalis (new term) relative
to that of dorsal processus postorbitalis (where pres-
ent) of os postorbitale, status:

a. former approximately equal to latter;

b. former significantly less than latter, i.e., proces-
sus dorsalis of os jugale reduced and processus post-
orbitalis of os postorbitale elongated ventrally;

X. noncomparable because os postorbitale and/or
processus postorbitalis of os postorbitale lacking
(Neornithes).

Note.—New term synonymous with “postorbital
bar” of some authors. See: Norell et al. (2001: ap-
pendix 1, character 33); J. M. Clark et al. (2002a:
appendix 2.2, character 33); Xu (2002: suite II, char-
acter 79); Xu et al. (2002a: supplement, character
24); Hwang et al. (2004: supplement, character 32);
Xu and Norell (2004: supplement, character 32).

0492. Os jugale, facies lateralis, jugum jugalis lat-
eralis (new term), status:

a. absent; b. present.

Note.—See: Sereno and Novas (1992: appendix,
character 5), in reference to rostrocaudally oriented
“jugal ridge.”

0493. Os jugale, corpus ossis jugale, especially
pars subtemporalis (new term), forma:

a. laminar—twice as high dorsoventrally as wide
mediolaterally;

b. essentially cylindrical—height and width ap-
proximately equal.

Note.—See: Norell et al. (2001: appendix 1, char-
acter 34); J. M. Clark et al. (2002a: appendix 2.2,
character 34); Xu (2002: suite II, character 80); Xu et
al. (2002a: supplement, character 25); Maryanska et
al. (2002: appendix 1, character 33); Rauhut (2003:
character 27); Hwang et al. (2004: supplement, char-
acter 33); Xu and Norell (2004: supplement, charac-
ter 33).

0494. Os jugale (processus quadratojugalis), facies
lateralis, terminus caudalis (new term), rami dorsalis
et ventralis of bifurcation (terminus bifurcated),
length of former relative to latter (ordered; state “b”
basal):

a. former less than latter;

c. former greater than latter.

Note.—See: Elzanowski and Wellnhofer (1996);
J. D. Harris (1998: appendix 2, character 15); Currie
and Carpenter (2000: appendix 1, character 18).

b. subequal;
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0495. Os jugale, facies lateralis, terminus caudalis
(new term), forma:

a. tapered; b. bifurcate;

X. noncomparable by synostosis with os quadrato-
jugale (Neornithes).

Note.—See: Sereno and Novas (1992: appendix,
character 17); Sereno et al. (1993: legend for fig. 3a);
Novas (1994 [1993]: appendix, character 25); Mar-
yanska et al. (2002: appendix 1, character 35).

Os Quadratojugale

0496. Os quadratojugale (lateral perspective), ra-
mus caudoventralis (new term), status and associ-
ated aspect of element (ordered):

a. absent, aspect hamulate, craniocaudally re-
versed “L-shaped,” lacking ramus caudoventralis;

b. present, aspect cruciate, dorsoventrally in-
verted “T-shaped,” ramus caudoventralis in some
taxa enclosing margo lateroventralis quadratici.

Note.—See: Sereno and Novas (1992: appendix,
character 8), configurations diagrammed for basal
theropods by Sereno and Novas (1992: figs. 9-10);
J. M. Clark et al. (1994); Currie (1995: appendix,
character 11); Elzanowski and Wellnhofer (1996:
figs. 7B, 12); Holtz (2000 [1998]: appendix I, charac-
ter 63); Norell et al. (2001: appendix 1, character 37);
J. M. Clark et al. (2002a: appendix 2.2, character 37);
Xu (2002: suite I, characters 5 and 43; suite II, char-
acter 83); Xu et al. (2002a: supplement, character
28); Rauhut (2003: character 47); Hwang et al. (2004:
supplement, character 36); Xu and Norell (2004:
supplement, character 36).

0497. Os quadratojugale, ramus dorsalis (new
term), status:

a. present; b. absent.

Note.—Ramus dorsalis refers to “ascending” or
“squamosal” process, that typically coincides with
articulatio quadrato-quadratojugalis. See: Maryan-
ska et al. (2002: appendix 1, character 37, part).

0498. Os quadratojugale, ramus dorsalis (new
term), forma sensu robustness and situs relative to
fenestra “infratemporalis” (unordered):

a. massive, bordering approximately the ventral
half of fenestra;

b. slender, bordering at least the ventral two-
thirds of fenestra;

c. slender, bordering no more than ventral half of
fenestra;

x. noncomparable (Neornithes).

Note.—Ramus dorsalis refers to “ascending” or
“squamosal” process at terminus of arcus jugalis at
articulatio quadrato-quadratojugalis. See: Maryan-
ska et al. (2002: appendix 1, character 37).
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0499. Os quadratojugale, condylus quadraticus,
status:

a. present, variably distinguishable from corpus;

b. absent.

0500. Os quadratojugale, facies articularis qua-
dratica et adjacent arcus jugalis, forma (unordered):

a. planar aut depressio, effecting articulatio pla-
num aut sellaris;

b. (sub)condylus, centrally positioned within fa-
cies lateralis processi mandibularis quadrati;

¢. subcondylus, arcus quadratojugalis angled
mediad at terminus to effect articulatio at terminus
of facies lateralis processi mandibularis quadrati;

d. subplanaris cum solum perpendicularo-
ventralis, typically with arcus quadratojugalis angled
mediad to rest obliquely at terminus.

Note.—See: Ji et al. (2005: supplement, part I,
character 34); Bourdon (2006: character 5).

0501. Os quadratojugale, fenestra quadratojugalis
(new term), comparative size:

a. small, a foramen; b. large, a fenestra;

x. noncomparable (Neornithes).

Note.—See: Currie (1995: appendix, character
12); Xu (2002: suite I, character 6).

Os Quadratum

0502. Os quadratum, corpus ossis quadrati (partes
incertae), pneumaticitas (cf. foramina pneumatica),
status:

a. absent or rudimentary;

b. present and extensive.

Note.—See: M. L. Walker (1888); Lowe (1926a);
Siegel-Causey (1988: character 36); Witmer (1990:
372, characters 11 and 16); Chiappe and Calvo (1994:
appendix I, character 12); Sereno et al. (1994: foot-
note 12); Chiappe et al. (1996: appendix 1, character
11); Sereno et al. (1996: footnote 45, character 36);
Forster et al. (1998: supplement, character 24); Ma-
kovicky and Sues (1998: appendix 1, character 12);
Sereno et al. (1998: footnote 22, character 28); Xu et
al. (1999b: character 21); Chatterjee (1999: appendix
II, character 14); Holtz (2000 [1998]: appendix I,
character 71 [“pneumaticity”]); Norell et al. (2000:
appendix 1, character 21); Chiappe (2001a: appendix
1, character 19); Currie and Chen (2001: 1709), in
reference to Sinosauropteryx; Norell and Clarke
(2001: appendix I, character 38), treated similarly by
J. A. Clarke (2002: appendix I, characters 38-40) and
J. A. Clarke and Norell (2002: appendix 2, character
38); Norell et al. (2001: appendix 1, character 56);
Chiappe (2002: appendix 20.2, character 19); J. M.
Clark et al. (2002a: appendix 2.2, character 54);
Maryanska et al. (2002: appendix 1, character 40);
Vickers-Rich et al. (2002), concerning Avimimus; Xu
(2002: suite II, character 96); Xu et al. (2002a:

supplement, character 41), in reference to “hollow”
state and “posterior” depressio; Zhou and Zhang
(2002: appendix III, characters 38-40); Rauhut
(2003: character 48); Hwang et al. (2004: supplement,
character 53); Xu and Norell (2004: supplement,
character 53); Ji et al. (2005: supplement, part I,
character 38).

0503. Ossa quadratum et quadratojugale, foramen
within or proximate to junctura quadrato-
quadratojugalis, status et situs (unordered):

a. present, enclosed almost entirely within os
quadratum;

b. present, interposed between ossa, i.e., as fora-
men suturalis;

c. absent, condylus lateralis, cotyla quadratojuga-
lis quadrati articulates with os quadratojugale unob-
structed.

Note.—See: J. D. Harris (1998: appendix 2, char-
acter 17); Currie and Carpenter (2000: appendix 1,
character 21), a trinary treatment of fenestrae; Holtz
(2000 [1998]: appendix I, with character 67); Rauhut
(2003: character 49).

0504. Os quadratum, corpus ossis quadrati, margo
dorsalis corporis (new term), forma:

a. sublinear or only shallowly concave;

b. distinctly concave, margo thereby delimiting in-
cisura dorsalis quadrati.

Note.—See: Livezey (1986: appendix I, charac-
ter 15).

0505. Os quadratum, corpus ossis quadrati, facies
lateralis, lamina rostrolateralis quadrati (new term),
status:

a. absent; b. present.

Note.—New term refers to “large rostrolateral
flange” of some authors. See: Barsbold and Osmol-
ska (1999); Xu (2002: suite I, character 7). Probably
homologous are: Norell et al. (2001: appendix 1,
character 55); J. M. Clark et al. (2002a: appendix 2.2,
character 55); Xu (2002: suite II, character 228),
about “lateral tabs” and “enlarged quadrate fora-
men”’; Hwang et al. (2004: supplement, character 54);
Xu and Norell (2004: supplement, character 54).

0506. Os quadratum, corpus ossis quadrati, facies
lateralis, tuberculum articularis zygomaticus, status
et forma (unordered):

a. absent;

b. present, subsessile, indistinct facies articularis
quadrato-zygomaticus (new term) on facies lateralis
of processus oticus, capitulum squamosa quadrati or
margo dorsalis immediately cranial to processus;

c. present, pedicillate, separate processus zygo-
maticus (new term) on facies lateralis quadratica.

Note.—Rarely results in articulatio quadrato-
squamoso-zygomatica. See: Elzanowski (1995: char-
acter PG3); Weber and Hesse (1995); K. Lee et al.
(1997: appendix 1, character 53); Livezey (1998b: ap-
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pendix A, character 48); Cracraft and Clarke (2001:
appendix 2, character 10).

0507. Os quadratum, corpus ossis quadrati, facies
rostromedialis, foramen pneumaticum dorsomedialis
(new term) et sulcus (arcus aut pons) medialis (new
terms), status et forma (unordered):

a. present, without associated arcus medialis or
sulcus;

b. present, within pronounced sulcus;

c. present, at basis dorsalis arcus (pontis) medialis;

d. absent.

Note.—New term refers to arcus or pons serving
as osseous ostium for small arteria aut vena, typically
with foramina pneumatica at both bases arcuales.

0508. Os quadratum, corpus ossis quadrati et
processus oticus quadrati, facies rostromedialis,
foramen pneumaticum ventromedialis (new term),
status:

a. absent; b. present.

Note.—Dinornithiformes typified by compar-
atively prominent foramen pneumaticum within sul-
cus. See: Elzanowski and Galton (1991: character
14), in regard to neurocranial corollary; Chatterjee
(1995: character 4, part); Chiappe (1995b: character
12); Sanz et al. (1995, 1997: character 11); Chiappe
(1996b: character 2); Chu (1998: appendix 1, charac-
ter 51); Livezey (1998b: appendix A, character 49);
Holtz (2000 [1998]: appendix I, character 67), com-
bining size and situs of foramen; Norell and Clarke
(2001: appendix I, character 40), similarly by J. A.
Clarke (2002: appendix I, character 40), J. A. Clarke
and Norell (2002: appendix 2, character 40), and
J. A. Clarke (2004: appendix 1, character 40); Ji et al.
(2005: supplement, part I, character 40).

0509. Os quadratum, corpus ossis quadrati et pro-
cessus oticus quadrati, facies caudomedialis, fora-
men pneumaticum centralis (new term), status:

a. absent; b. present.

Note.—Dinornithiformes typified by compar-
atively prominent foramen pneumaticum within sul-
cus. See: Elzanowski and Galton (1991: character
14), in regard to neurocranial corollary; Chatterjee
(1995: character 4, part); Chiappe (1995b: character
12); Sanz et al. (1995, 1997: character 11); Chiappe
(1996b: character 2); Chu (1998: appendix 1, charac-
ter 51); Livezey (1998b: appendix A, character 49);
Holtz (2000 [1998]: appendix I, character 67), com-
bining size and situs of foramen; Norell and Clarke
(2001: appendix I, character 40), similarly by J. A.
Clarke (2002: appendix I, character 40) and J. A.
Clarke and Norell (2002: appendix 2, character 40).

0510. Os quadratum, processus mandibularis qua-
drati, condylus caudalis (typically associated with an
opposing fossa articularis quadratica, sulcus inter-
cotylaris of mandibula), status:

a. obsolete or absent; b. present, distinct.

NO. 37

Note.—See: Dzerzhinsky (1995); Ericson (1996);
Cracraft (1988); Livezey (1998b: appendix A, char-
acters 52 and 54), concerning sulcus intercondylaris;
Elzanowski et al. (2000); Hughes (2000: appendix 2,
character 27), regarding condylus caudalis in cuculi-
forms; Chiappe (2001a: appendix 1, character 21);
Cracraft and Clarke (2001: appendix 2, character 38),
in reference to size and form of “external (lateral)
mandibular condyle of quadrate”; Cracraft and
Clarke (2001: appendix 2, characters 39-40), in ref-
erence to facies and lamina of condylus; Chiappe
(2002: appendix 20.2, character 21), regarding essen-
tially bicondylar or tricondylar processus; G. Mayr
(2002a: appendix 1, character 9), with respect to
Caprimulgiformes; Zhou and Zhang (2002: appendix
I11, character 37); G. Mayr et al. (2003: appendix 1,
character 16); G. Mayr (2004a: appendix 1, charac-
ters 22-23).

0511. Os quadratum, processus mandibularis
quadrati, facies articularis quadratojugalis, status et
typus (unordered):

a. absent;

b. present, fovea aut cotyla, comparatively shal-
low and with variably deep rostral incisura and pro-
cessus subcotylaris (new term) to accommodate os
quadratorjugale;

c. present, fovea aut cotyla—concave, orbiculate,
with rima variably raised by comparatively promi-
nent, defining essentially complete margo;

d. present, incisura—concave, troughlike, raised
margo lacking entirely or at least in two, geometri-
cally opposing points;

e. present, tuberculum—convex, knoblike.

Note.—See: Cracraft (1985: character 46); Sereno
et al. (1996: footnote 45, character 42); Hughes
(2000: appendix 2, character 29); Chiappe (2001a:
appendix 1, character 17); Chiappe (2002: appendix
20.2, character 17).

0512. Os quadratum, processus mandibularis qua-
drati, (condylus lateralis), cotyla quadratojugalis,
processus supracotylaris lateralis (new term), status:

a. absent; b. present.

Note.—Consult Jollie (1957) for alternative name
for this feature.

0513. Os quadratum, processus mandibularis qua-
drati, (condylus lateralis), cotyla quadratojugalis, si-
tus caudolateralis relative to processus mandibularis
quadrati, condylus lateralis:

a. lateral; b. caudal.

0514. Os quadratum, processus mandibularis qua-
drati, condylus rostralis (condylus lateralis, sub-
condylus rostralis), status:

a. absent; b. present.

Note.—Condylus opposed by cotyla rostralis of
fossa articularis quadratica. See: Zusi (1987).
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0515. Os quadratum, processus mandibularis qua-
drati, condylae lateralis, medialis et caudalis, forma
principalis condylarum fossae articularis:

a. bicondylar; b. tricondylar.

Note.—See: Thulborn (1984: 126-127, character
1); Gauthier (1986: 14, unindexed synapomorphy of
Aves); Chatterjee (1991: character 21); Andors
(1992: table 2, character 16); Chiappe (1995a: legend
for fig. 1); Chiappe et al. (1996: appendix 1, character
82); Elzanowski (1995: character N’4); Chatterjee
(1999: appendix II, character 18); Cracraft and
Clarke (2001: appendix 2, character 19); Norell and
Clarke (2001: appendix I, character 37), treated simi-
larly by J. A. Clarke (2002: appendix I, character 37),
J. A. Clarke and Norell (2002: appendix 2, character
37), and J. A. Clarke (2004: appendix 1, character
37); G. Mayr (2004a: appendix 1, character 23); Ji et
al. (2005: supplement, part I, character 37).

0516. Os quadratum, processus mandibularis qua-
drati, condylus medialis, conformation as elongate,
lateromedially compressed discus, distinctly larger
than condylus lateralis quadrati and with distinctly
oblique orientation in which rostral terminus is me-
dial to the caudal terminus, paralleling os pterygoi-
deum, status:

a. absent; b. present.

Note.—See: D. W. Thompson (1899), illustrating
diversity of ossa quadrati of Psittaciformes; Burton
(1984) and Prum (1988: character 26), with respect to
“shelflike” shape in some piciforms; Chu (1998: ap-
pendix 1, character 55), regarding general propor-
tions within the element.

0517. Os quadratum, facies articularis pterygoidei
relative to processus mandibularis et corpus ossis
quadrati, situs (ordered):

a. processus orbitalis, facies medialis et margo
ventralis proximal (dorsal) to processus mandibu-
laris, condylus pterygoideus;

b. margo mediocaudalis corporis ossis quadrati,
typically extending over most or all of margo medio-
caudalis corporis ossis quadrati, terminating dorsal
to processus mandibularis quadrati, and terminus
processi quadratici pterygoidei variably bilobate;

¢. processus mandibularis, condylus pterygoideus.

Note.—Anseriformes characterized by an incisura
supportive of facies articularis quadratopterygoidea
on os quadratum dorsal to processus mandibularis
quadrati.

0518. Os quadratum, processus mandibularis qua-
drati, condylus medialis, facies articularis, forma su-
perficialis (ordered):

a. convex;

b. concave, ventral aspect bilobate;

¢. concave, enclosing obliquely oriented sulcus,
ventral aspect trochlear;

X. noncomparable because of indistinguishable
condylae (Aptornis) or inclusion of nonhomologous
features within condylus medialis (Podargus).

Note.—See: Strauch (1978: character 11); Andors
(1992: table 2, characters 16-18, fig. 10), with respect
to Galloanseres, Diatryma; Livezey (1998b: appen-
dix A, characters 51, 54); G. Mayr (2004a: appendix
1, character 21); G. Mayr (2004b: appendix 1, char-
acter 19).

0519. Os quadratum, processus mandibularis
quadrati, condylus medialis, dorsoventral position
relative to os quadratum, processus mandibularis,
condylus lateralis (caudal perspective), normal to
planum defined by condylus occipitalis and margo
rostralis of lamina parasphenoidalis, angulus:

a. ventral; b. coplanar or dorsal.

Note.—See: Cracraft (1985: character 7); Hesse
(1990: 33, fig. 8); Andors (1992: table 2, characters
16-18) with respect to Galloanseres and Diatryma;
Livezey (1997a: appendix 1, characters 51-52; corri-
genda, Livezey 1998a); Livezey (1998b: appendix A,
character 53); Hughes (2000: appendix 2, character
28); G. Mayr (2002a: legend fig. 9, node 4, character
1); G. Mayr (2003a: appendix I, character 18); G.
Mayr and Clarke (2003: appendix A, character 37),
in terms of “marked, rostrally projecting, concave
articular surface”; Dyke and van Tuinen (2004: ap-
pendix 1, character 24).

0520. Os quadratum, processus mandibularis qua-
drati, planum condyli occipitalis, situs rostrocaudalis
(ordered):

a. caudal, b. coplanar; ¢. rostral;

x. noncomparable by kinesis of complex (Neor-
nithes).

Note.—See: Maryanska et al. (2002: appendix 1,
character 43).

0521. Os quadratum, processus mandibularis
(condylus medialis), (sub)condylus pterygoideus
(lateral perspective) relative to cotyla quadratojuga-
lis, situs:

a. distinctly ventral or coplanar;

b. distinctly dorsal.

Note.—See: Holtz (1994a: appendix 1, character
26) regarding “enlarged insertion area for the ptery-
goideus muscle below the mandibular condyle”; also
Gauthier (1986), whereas latter work emphasized
“depth of quadrate articulation.” See: Cracraft
(1988: series VII, character 7); Cracraft and Mindell
(1989: table 1, character 33); Andors (1992: table 2,
characters 16-18, fig. 10), with respect to Gal-
loanseres and Diatryma (Gastornithiformes);
Livezey (1997a: appendix 1, character 53; corrigenda,
Livezey 1998a); Livezey (1998b: appendix A, char-
acter 55); Chiappe (2001: appendix 1, character 18);
Xu (2002: suite I, character 45; suite II, character 13).
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0522. Os quadratum, processus mandibularis qua-
drati, facies articularis pterygoidea, forma et situs:

a. broad, on facies medialis of processus;

b. narrow, on margo rostromedialis of processus.

Note.—See: Norell and Clarke (2001: appendix I,
character 30), incorrectly attributed with processus
orbitalis quadrati; treated similarly by J. A. Clarke
(2002: appendix I, character 30), J. A. Clarke and
Norell (2002: appendix 2, character 30), and J. A.
Clarke (2004: appendix 1, character 30); Ji et al.
(2005: supplement, part I, character 30).

0523. Os quadratum, processus mandibularis
quadrati, facies articularis pterygoidea (facies ven-
tralis in those taxa having two), typus (unordered):

a. facies articularis, with slight anteromedial emi-
nentia on basis;

b. cotylar, largely concave;

¢. condylar, tubercular, or jugo-sublinear.

Note.—See: Norell and Clarke (2001: appendix I,
character 32), treated similarly by J. A. Clarke (2002:
appendix I, character 32), J. A. Clarke and Norell
(2002: appendix 2, character 32), and J. A. Clarke
(2004: appendix 1, character 32); Xu (2002: suite I,
character 45); Ji et al. (2005: supplement, part I,
character 32).

0524. Os quadratum, processus mandibularis
quadrati, facies articularis pterygoidea relative to
processus orbitalis, situs (ordered):

a. reaches terminus of processus orbitalis and
properly could be attributed to that processus;

b. extends distad at least one-half length of pro-
cessus orbitalis;

c. basally positioned on processus mandibularis.

Note.—See: Norell and Clarke (2001: appendix I,
character 31), questionably identified with processus
orbitalis quadrati; treated similarly by J. A. Clarke
(2002: appendix I, character 31), J. A. Clarke and
Norell (2002: appendix 2, character 31), and J. A.
Clarke (2004: appendix 1, character 31); G. Mayr
and Ericson (2004: appendix I, character 20), empha-
sizing concavity of rostral extremity; Ji et al. (2005:
supplement, part I, character 31).

0525. Os quadratum, processus mandibularis
quadrati, facies articularis pterygoidea, forma (unor-
dered):

a. elongate with broad articulatio quadratoptery-
goidea, facies articularis single or bipartite, facies
ventralis typically predominant;

b. restricted, a single, distinct, subcircular facies;

c. single, well defined, continuous, facies uniquely
parabolic.

Note.—See: Hughes (2000: appendix 2, character
26).

0526. Os quadratum, processus mandibularis
quadrati, (condylus lateralis), (sub)condylus ptery-
goideus, status et forma (unordered):

NO. 37

a. absent, junctura quadratopterygoidea (if any) a
sutura;

b. present, typically a subcircular facies or tuber-
culum;

c. present, typically comprising a sublinear or con-
cave jugum articularis (including or tending toward
tuberculum in some) along margo rostroventralis
quadrati, enforced by ligamenta.

Note.—See: Houde (1988: table 27, character 8);
Chatterjee (1991: character 28); Chatterjee (1999:
appendix II, character 17), with respect to “ventral
condylar articulation with pterygoid.”

0527. Os quadratum, processus mandibularis
quadrati, condylus lateralis, cotyla quadratojugalis,
status et situs:

a. absent; b. present, lateral;

c. present, distal.

Note.—Junctura quadrato-quadratojugalis typi-
cally an articulatio synovialis among most Neor-
nithes, with a minority (e.g., Caprimulgidae) being a
syndesmosis involving enclosed ligamentum interos-
seum (Biihler 1970; Baumel and Witmer 1993: anno-
tation 24).

See: Thulborn (1984: 126-127, character 2); Chat-
terjee (1991: character 15); Chatterjee (1999: appen-
dix II, characters 16 and 18); Sanz et al. (1995, 1997:
character 10); Chiappe (1996b: character 10); Forster
et al. (1998: supplement, character 23); Maryanska et
al. (2002: appendix 1, characters 41-42); Vickers-
Rich et al. (2002), concerning Avimimus.

0528. Os quadratum, processus mandibularis
quadrati, condylus lateralis, sulcus intercondylaris,
foramina pneumatica, status:

a. absent; b. present.

Note.—See: Lowe (1926a); Chu (1998: appendix
1, character 54); Holtz (2000 [1998]: appendix I,
character 67), which confounded size and position of
foramen.

0529. Os quadratum, processus mandibularis
quadrati, condylus lateralis, sulcus intercondylaris,
conformation as deep, parabolic (“U-shaped”) chan-
nel with sides (craniocaudal perspective) subdiago-
nal (typically parallel) and directly opposite each
other and dorsally foveate (ventral perspective), sta-
tus:

a. absent; b. present.

Note.—See: Livezey (1998b: appendix A, charac-
ters 52 and 54) in reference to structural obfuscation
of sulcus intercondylaris.

0530. Os quadratum, processus mandibularis
quadrati, tuberculum caudalis (new term), status:

a. absent; b. present.

Note.—New feature is situated on margo caudalis
quadrati, dorsal to condylis caudalis; a superficially
similar structure (below), associated with sesamoid-
eum quadratico-parasphenoidalis, occurs in most
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Psittaciformes. See: Ericson (1996: character 7); Er-
icson (1997: table 1, character 17; table 2, character
12).

0531. Os quadratum, processus mandibularis
quadrati, sesamoideum quadratico-parasphenoidalis
(new term), status:

a. absent;

b. present, interposed between processus man-
dibularis quadrati, condylus medialis, and os para-
sphenoidale, tuba auditiva (pharyngotympanica)
communis.

Note.—Variable, possibly a derivation of os si-
phonium.

0532. Os quadratum, processus orbitalis quadrati,
status et forma relative to (i) processus oticus quad-
rati aut (if) orbita (ordered):

a. present, longer than orbita;

b. present, shorter than orbita;

c. present, of comparable length to processus oti-
cus;

d. present, distinctly shorter than processus oticus;

e. absent.

Note.—See: Cracraft (1982: fig. 2); Cracraft (1985:
character 13); Cracraft (1986: appendix, character
52); Livezey (1986: appendix 1, character 15);
Cracraft (1988: series II, character 19); Siegel-
Causey (1988: character 37); Livezey (1989: table 1,
character 15); Chatterjee (1991); Chiappe and Calvo
(1994: appendix I, character 9), including aspects of
shape; Chatterjee (1995: character 3); Chiappe et al.
(1996: appendix 1, character 9); Ericson (1997: table
2, character 11); Siegel-Causey (1997: table I, char-
acter 11); Chatterjee (1999: appendix II, character
19); Elzanowski et al. (2000); Holtz (2000 [1998]: ap-
pendix I, character 68), for “quadrate dorsal ramus”
relative to orbita; Dyke and Gulas (2002: appendix 1,
character 52); G. Mayr (2002a: appendix 1, character
8), with respect to Caprimulgiformes; Vickers-Rich
et al. (2002), concerning Avimimus; Dyke et al.
(2003: appendix 1, character 22); G. Mayr (2003a:
appendix I, character 19); G. Mayr (2004b: appendix
1, character 20); G. Mayr et al. (2003: appendix 1,
character 15); Bourdon et al. (2005: appendix 1,
character 40); G. Mayr (2005b: appendix A, charac-
ter 8).

0533. Os quadratum, processus orbitalis quadrati,
markedly thin, attenuated, spiculate or subfilamen-
tous forma:

a. absent; b. present.

0534. Os quadratum, processus orbitalis, inordi-
nate elongation of processus, status et forma (unor-
dered):

a. absent;

b. present, processus also markedly robust;

¢. present, processus also markedly slender, sub-
acuminate.

Note.—See: Bourdon et al. (2005: appendix 1,
character 41).

0535. Os quadratum, processus orbitalis quadrati,
elongation (exceeding processus oticus in length)
and rostral expansion into spatulate terminus (latter
at least as broad as any other part of the processus
orbitalis) in which rostral margin is rounded, status
et forma (unordered):

a. absent;

b. present, terminus spatulate with margo rostralis
rounded;

c. present, terminus subrectangular with margo
rostralis flat.

Note.—See: Sereno et al. (1996: footnote 45, char-
acter 46), concerning position of “head” relative to
orbita; Livezey (1998b: appendix A, character 50);
Sereno et al. (1998: footnote 22, character 27), for
shape of “head.”

0536. Os quadratum, processus orbitalis, terminus
processi, margo apicalis broadly blunt and subtly
convex, status:

a. absent; b. present.

0537. Os quadratum, processus orbitalis quadrati,
forma apicalis:

a. blunt; b. (sub)acuminate.

Note.—See: Chatterjee (1991: character 16);
Chiappe (1995a: legend for fig. 1); Chiappe (1995b:
character 9); Sanz et al. (1995, 1997: character 9);
Chiappe (1996b: character 9); Hughes (2000: appen-
dix 2, characters 22-23); Chiappe (2002: appendix
20.2, character 18).

0538. Os quadratum, processus orbitalis, terminus
processi, margo apicalis markedly slender, subspi-
nous, status:

a. absent; b. present.

Note.—See: Bourdon et al. (2005: appendix 1,
character 41).

0539. Os quadratum, processus orbitalis, subobso-
lescence processi, status:

a. absent; b. present.

Note.—See: Bourdon et al. (2005: appendix 1,
character 40).

0540. Os quadratum, processus orbitalis, articula-
tio pterygoideus marginalis ventralis, status:

a. absent; b. present.

Note.—See: Bourdon et al. (2005: appendix 1,
character 41).

0541. Os quadratum, processus orbitalis quadrati,
facies lateralis, tuberculum m. adductor mandibulae
ossis quadrati, status:

a. absent or indistinct;

b. prominent, ventrorostrally positioned, marking
vertex of medial deflection of processus orbitalis.
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Note.—See: Weber and Hesse (1995); Ericson
(1996: character 6); Livezey (1997a: appendix 1,
character 50; corrigenda, Livezey 1998a), after Dav-
ids (1952); possibly related to Livezey (1997a: appen-
dix 1, character 49; corrigenda, Livezey 1998a), at-
tributed to tuberculum m. adductor mandibulare ex-
ternum, pars profundus; Andors (1992: table 2,
character 15, fig. 10); Hughes (2000: appendix 2,
character 25), in reference to “mesial inflection”;
Cracraft and Clarke (2001: appendix 2, character 37);
Norell and Clarke (2001: appendix I, character 33),
treated similarly by J. A. Clarke (2002: appendix I,
character 33), J. A. Clarke and Norell (2002: appen-
dix 2, character 33), and J. A. Clarke (2004: appendix
1, character 33), judged synonymous with “spina 6”
of A. Fuchs (1954a-b); Zhou and Zhang (2002: ap-
pendix III, character 33), regarding “tubercle on an-
terior surface of dorsal process”; G. Mayr and
Clarke (2003: appendix A, character 35); Dyke et al.
(2003: appendix 1, character 4); G. Mayr (2004a: ap-
pendix 1, character 20), in reference to “eminentia
articularis” of Weber and Hesse (1995); G. Mayr and
Ericson (2004: appendix I, character 21); Ji et al.
(2005: supplement, part I, character 33).

0542. Os quadratum, processus oticus quadrati,
pronounced lateromedial compression, resulting in
narrowing of incisura intercapitularis and reduction
in size and comparative juxtaposition of capitulum
(condylus) oticum et capitulum (condylus) squamo-
sum, status:

a. absent;

b. present, facies articularis a single tuberculum.

0543. Os quadratum, processus oticus (“head”)
quadrati, rostrocaudal position relative to that of
processus mandibularis et articulatio quadratoman-
dibularis, situs ventrocaudalis (ordered):

a. ventrocaudal; b. directly ventral;

¢. ventrorostral.

Note.—See: Ostrom (1976a); Forster et al. (1998:
supplement, character 16); Xu et al. (1999b: charac-
ter 14, modified); Xu et al. (2000: supplement, char-
acter 10, modified); Norell et al. (2001: appendix 1,
character 54); J. M. Clark et al. (2002a: appendix 2.2,
character 53); Maryanska et al. (2002: appendix 1,
character 38); Xu (2002: suite II, character 95);
Rauhut (2003: character 51); Hwang et al. (2004:
supplement, character 52); Xu and Norell (2004:
supplement, character 52).

0544. Cotylae quadratici squamoso-otici (articula-
tio quadrato-squamoso-otica), planum transversum
cotylarum, relative to extremitas caudalis of condy-
lus occipitalis, situs rostrocaudalis (ordered):

a. well caudal; b. slightly caudal;

¢. rostral.

Note.—See: Azuma and Currie (2000: appendix 1,
character 97); Holtz (2000 [1998]: appendix I, char-

NO. 37

acter 70), contrasted relative rostrocaudal position of
articulatio quadrati with extremitas caudalis condyli
occipitalis; Hughes (2000: appendix 2, character 24);
Holtz (1994a: appendix 1, character 49), cited
“deeply posteroventrally projected articulation of
the quadrate.”

0545. Os quadratum, processus oticus quadrati,
status et numerus capitulorum (ordered):

a. one;

b. two, distinguishable but lacking distinct incisura
intercapitularis;

¢. two, separated by variably distinct incisura in-
tercapitularis.

Note.—See: Cracraft (1986: appendix, character
8); Gauthier (1986: 12), as synapomorphy of Avialae;
Cracraft (1988: 345); Cracraft and Mindell (1989:
table 1, character 21); Witmer (1990); Chatterjee
(1991, 1999: character 18); Andors (1992: table 2,
character 14); Elzanowski (1995: character PG2); El-
zanowski (1995: character ?N13); J. M. Starck
(1995); Ericson (1997: table 1, character 16); K. Lee
et al. (1997: appendix 1, character 55); Novas (1997:
appendix, character 62); Novas and Puerta (1997),
identically by Novas (1997); Forster et al. (1998:
supplement, character 15); Rotthowe and Starck
(1998: appendix, character 1), regarding Cracraft
(1988); J. A. Clarke and Chiappe (2001: character
60); Norell and Clarke (2001: appendix I, characters
35 [cotylae] and 36 [incisura intercondylaris]),
treated similarly by J. A. Clarke (2002: appendix I,
characters 35-36), J. A. Clarke and Norell (2002:
appendix 2, characters 35-36), and J. A. Clarke
(2004: appendix 1, characters 35-36); Norell et al.
(2001: appendix 1, character 53); J. M. Clark et al.
(2002a: appendix 2.2, character 52); Xu (2002: suite
I1, character 94); G. Mayr and Clarke (2003: appen-
dix A, character 34); Rauhut (2003: character 50);
Dyke and van Tuinen (2004: appendix 1, character
22); Hwang et al. (2004: supplement, character 51);
Xu and Norell (2004: supplement, character 51); Ji et
al. (2005: supplement, part I, character 36).

0546. Os quadratum, processus oticus quadrati,
capitulum (condylus) oticum, basis condyli (new
term), forma:

a. sessile;

b. pedunculate, having columna prodtica.

Note.—Distinct from pila (pro)dtica, a peduncu-
late support for facies articularis cranii. See: Elza-
nowski and Galton (1991: character 13); Andors
(1992: fig. 10); Elzanowski (1995: character Nb’4);
Rotthowe and Starck (1998: appendix, character 16),
as synapomorphy of gallo-anseriforms.

0547. Os quadratum, processus oticus, pro-
nounced elongation and curvature distal to cotyla,
status:

a. absent; b. present.
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0548. Os quadratum, processus oticus quadrati,
capitulum (condylus) oticum, marked elongation
and uniquely caudomedial orientation, directed ap-
proximately perpendicularly to processus oticus, sta-
tus:

a. absent; b. present.

Note.—See: Cracraft (1988: series XVI, character
1); Cracraft and Mindell (1989: table 1, character 32).

0549. Os quadratum, processus oticus quadrati,
conformation in which capitulum (condylus) oticum
is markedly ventral to capitulum (condylus) squamo-
sum and partitioned by a pronounced, subangular
sloping profile (anteromedial perspective), status:

a. absent; b. present.

Note.—In Falconiformes, the derived state asso-
ciated with robust triangular Gestalt. See: Livezey
(1998b: appendix A, character 56).

0550. Os quadratum, processus oticus quadrati,
capitulum (condylus) squamosum, partitioning into
two distinct subcapitula by complete incisura, status:

a. absent; b. present.

Note.—Rudimentary incisura present in Otus
(Strigidae).

0551. Os quadratum, processus oticus quadrati,
capitulum (condylus) squamosum et capitulum (con-
dylus) oticus, marked separation at least as great as
that between condyli medialis et lateralis of proces-
sus mandibularis quadrati, status:

a. absent; b. present.

Note.—Archaeopteryx is noncomparable by ab-
sence of condylus oticus.

0552. Os quadratum, processus oticus quadrati,
margo dorsalis, tuberculum insertii m. adductor
mandibulae externus (pars articularis, caput inter-
nus), status et forma (ordered):

a. absent; b. present, subtle;

c. present, marked.

Note.—See: Cracraft (1988: series VII, character
6), regarding “dorsally projecting process immedi-
ately anterior to quadrate-prodtic articulation”;
Livezey (1998b: appendix A, character 49); Zusi and
Livezey (2000).

0553. Os quadratum, processus oticus quadrati,
incisura intercapitularis, status:

a. absent, capitulum oticum et capitulum squamo-
sum indistinct from each other and intervening bone;

b. present, capitulum oticum et capitulum squa-
mosum distinct.

Note.—See: Andors (1992: table 2, character 14);
Chiappe and Calvo (1994: appendix I, character 11),
in reference to processus oticus of os quadratum
having articulation with os prodticum; Chiappe et al.
(1999); Cracraft and Clarke (2001: appendix 2, char-
acter 18).

0554. Os quadratum, processus oticus quadrati,
margo caudalis quadrati, typically encroaching on in-
cisura intercondylaris or immediately ventral to ca-
pitulum cristae tympanica, foramen (sulcus) pneu-
maticum, status:

a. absent; b. present.

Note.—Cuculiformes typified by double fo-
ramina, with ventral foramen deeply recessed in sul-
cus pneumaticus, and crista tympanica prominent.
See: Chu (1998: appendix 1, characters 52-54); Elza-
nowski et al. (2000); Holtz (2000 [1998]: appendix I,
character 67, part), comprising three states con-
founding size and position; Norell and Clarke (2001:
appendix I, character 39), treated similarly by J. A.
Clarke (2002: appendix I, characters 38-40), J. A.
Clarke and Norell (2002: appendix 2, character 39),
and J. A. Clarke (2004: appendix 1, characters 38—
40); Xu et al. (2002a: supplement, character 173),
referred to “lateral border of quadrate shaft
straight . . . or [sparsely distributed apomorphy] with
lateral tab that touches squamosal and quadratojugal
above an enlarged quadrate foramen”; G. Mayr
(2002a: appendix 1, character 10), with respect to
Caprimulgiformes; G. Mayr and Clarke (2003: ap-
pendix A, character 36); G. Mayr et al. (2003: ap-
pendix 1, character 17); Dyke and van Tuinen (2004:
appendix 1, character 23); Ji et al. (2005: supplement,
part I, character 39); G. Mayr (2005b: appendix A,
character 9).

0555. Os quadratum, processus oticus, facies ar-
ticularis parasphenoidalis et articulatio (accessoria)
quadrato-parasphenoidalis (new terms), status:

a. absent;

b. present, lateromedially elongate junctura be-
tween facies lateralis processi otici quadrati et ala
parasphenoidalis, apex alae parasphenoidalis proxi-
mate to cotyla quadratojugalis.

Note.—Articulatio accessoria ossis quadrati re-
lated in part to unusual angulus between os quad-
ratum et rostrum parasphenoidalis, form of proces-
sus paroccipitalis, and partial dorsal enclosure of os
quadratum thereby.

Suturae Faciei Maxillaris

Note.—See: Erdmann (1940) regarding develop-
ment of ossa faciei et palati. Sereno (1991a: appen-
dix, p. 52) attributed reduction or loss of junctura
prefrontonasalis (new term) to Ornithosuchidae; D.
A. Winkler et al. (1997: appendix 1, character 3);
Novas et al. (2004: appendix, character 1) for junc-
tura premaxillaro-lacrimalis (new term).

0556. Sutura frontonasalis, bilateral pair of fon-
ticuli frontonasales (new term), enclosed immedi-
ately rostral to zona flexoria craniofacialis, status:

a. absent; b. present.
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Note.—Limited polymorphism of status within
Apodidae. Among Neornithes, junctura frontonasa-
lis is a sutura retaining variable discernability into
adulthood.

0557. Sutura lacrimo-postorbitalis, status:

a. absent, by dorsal interposition of os frontale;

b. present.

Note.—See: Sampson et al. (1998); Rauhut (2003:
character 39).

0558. Junctura lacrimo-ectethmoidalis, status et
typus (ordered):

a. absent;

b. present, as articulatio simplex or limited sutura
aut synostosis lacrimo-ectethmoidalis;

c. present, as extensive sutura or synostosis
lacrimo-ectethmoidalis;

X. noncomparable where ossa lacrimale et/aut
ectethmoidale absent.

Note.—See: Holdaway (1991: appendix 5.1, char-
acter 10); Ericson (1997: table 1, character 6); Chu
(1998: appendix 1, character 26); Livezey (1998b: ap-
pendix A, character 64); G. Mayr and Ericson (2004:
appendix I, character 6), including sutura fronto-
ectethmoidalis; Bourdon et al. (2005: appendix, char-
acter 9), in terms of status of sutura.

0559. Junctura prefronto-frontalis (new term),
typus:

a. sutura plana or articulatio sellaris;

b. gomphosis;

x. noncomparable by way of absence of os pre-
frontale (Avialae).

Note.—See: Sereno et al. (1994: footnote 12);
Sereno et al. (1996: footnote 45, character 5); J. D.
Harris (1998: appendix 2, character 6); Azuma and
Currie (2000: appendix 1, character 91); Holtz (2000
[1998]: appendix I, character 38).

0560. Sutura lacrimo-frontalis vs. sutura lacrimo-
prefrontalis, status:

a. absent, by interposition of os prefrontale;

b. present, by regression or absence of os prefron-
tale.

Note.—See: Rauhut (2003: character 35).

0561. Junctura lacrimo-frontalis et lacrimo-nasalis
(new term), combined length:

a. moderate or truncate, length approximately equal
to or less than that of processus orbitalis lacrimalis;

b. elongate, length exceeding that of processus
orbitalis lacrimalis;

x. noncomparable (Dinornithiformes).

Note.—See: Hughes (2000: appendix 2, character 9).

0562. Sutura lacrimo-frontalis, status via situs:

a. present;

b. absent, entirely replaced by sutura lacrimo-
nasalis (new term), related to rostrad shift of os lac-
rimale on rostrum maxillae;

x. noncomparable (Podargidae).

NO. 37

Note.—See: Cracraft (1968a).

0563. Sutura lacrimo-frontalis, margo caudalis,
forma:

a. linear; b. incisurate;

x. noncomparable, sutura obscure (Neornithes).

Note.—See: Norell et al. (2001: appendix 1, char-
acter 46); J. M. Clark et al. (2002a: appendix 2.2,
character 46); Xu (2002: suite I, character 3; suite II,
character 231); Hwang et al. (2004: supplement,
character 45); Xu and Norell (2004: supplement,
character 45).

0564. Sutura lacrimo-(facialis)nasofrontalis (new
term), typus definitivum:

a. sutura or synostosis;

b. articulatio or syndesmosis;

x. noncomparable in absence or vestigial status of
os lacrimale.

Note.—See: Cracraft (1968a); Payne and Risley
(1976: character 7), regarding Ardeidae; Livezey
(1986: appendix 1, character 10); Andors (1992: table
2, character 5); Livezey (1996a: appendix 1, character
6); Livezey (1997a: appendix 1, character 15; corri-
genda, Livezey 1998a); Livezey (1998b: appendix A,
character 60); Bourdon et al. (2005: appendix 1, char-
acter 9); Bourdon (2006: supplement, character 54).

0565. Suturae lacrimo-frontalis, lacrimo-pre-
frontalis et fronto-prefrontalis, segmenta laterales,
dorsales, et ventrales, typus:

a. suturae typical—serratae, squamosae foliatae
aut planae—in all segmenta;

b. suturae typical in lateral segmenta, whereas
dorsal and ventral juncturae fissuriform or “slotted”;

x. noncomparable (Neornithes).

Note.—See: Sereno et al. (1994: footnote 12);
Currie (1995: appendix, character 8); Xu et al.
(1999b: character 87); Xu et al. (2000: supplement,
character 67).

0566. Suturae lacrimo-frontalis et lacrimo-nasalis,
situs relative to zona flexoria craniofacialis:

a. at least partly coincident or caudal;

b. completely rostral, completely synostotic with
ossa nasales et frontales throughout length.

Note.—At least among Neornithes, most or all of
juncturae lacrimo-frontalis et lacrimo-nasalis remain
discernable suturae.

0567. Junctura (sutura) nasopremaxillaris, status
et forma (ordered):

a. absent;

b. present, limited, ventral to apertura nasalis et/
aut os nasale;

c. present, extensive, ventral to apertura nasalis
et/aut os nasale.

Note.—See: Russell and Dong (1994a [1993a]:
table 2, character 1); Russell and Dong (1994b
[1993b]: troddontid character 3); Xu et al. (1999a:
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character 2); Currie and Carpenter (2000: appendix
1, character 2); Holtz (2000 [1998]: appendix I, char-
acter 10, polarity reversed).

0568. Junctura lacrimo-premaxillaris, status:

a. absent, os lacrimale caudal to os premaxillare;

b. present.

Note.—See: Novas et al. (2004: appendix, charac-
ter 1).

0569. Sutura nasomaxillaris externa (emended
term), status modalis definitivum:

a. present and distinct;

b. obsolete or absent;

X. noncomparable because junctura nasomaxil-
laris interrupted (ratites, Dromornithidae).

Note.—Important to distinguish true sutura from
plica supratomialis and processus maxillaris ossis
premaxillare (e.g., Psophia, Heliornis, Rostratula,
Cursorius, and Uria). See: Cracraft (1986: appendix,
character 61) and Cracraft (1988: series II, character
20).

0570. Sutura aut synostosis internasalis, status et
forma (ordered):

a. absent, margines medialis typically separated
by pars nasalis ossis premaxillare;

b. present, variably extensive, typically synostotic
definitively, concealing coaligned margines mediales
ossium nasales ranging virtually to junctura along
entire ossa to significantly limited extent.

Note.—Presence restricted to sutura significantly
rostral to zona flexoria craniofacialis. Character es-
sentially represents bilateral juxtaposition of mar-
gines mediales of processes premaxillares of ossa na-
sales dorsal to other components of pila supranasalis,
and related status of a sutura internasalis dorsal to pro-
cesses frontales of ossa premaxillares (dorsal perspec-
tive) in dorsoventrally compressed rostum maxillae.

See: Hofer (1945); Cracraft (1988: series 11, char-
acter 17); Baumel and Raikow (1993: annotation 14);
Holtz (1994b: appendix 7.1, character 3); Currie and
Carpenter (2000: appendix 1, character 8); Holtz
(2000 [1998]: appendix I, character 28); Currie et al.
(2003: appendix, character 42).

0571. Junctura interfrontalis (new term), typus:

a. sutura plana or serrata; b. synostosis.

Note.—See: Holtz (2000 [1998]: appendix I, char-
acter 41).

0572. Junctura interpremaxillaris, typus definitivum:

a. articulatio aut sutura plana;

b. synostosis (symphysis), processus frontales in-
distinguishable.

Note.—See: Gauthier (1986: 13, unindexed syn-
apomorphy of Ornithurae); Chiappe and Calvo
(1994: appendix I, character 1); J. M. Clark et al.
(1994); Chiappe (1995b: character 1); Elzanowski
(1995: characters N’9, 7PG4); Sanz et al. (1995, 1997:

character 1); Chiappe (1996b: character 1); Chiappe
et al. (1996: appendix 1, character 1); Chiappe et al.
(1998: character 1); Ji et al. (1998: supplement, char-
acter 1); Sereno et al. (1998: footnote 22, character
10); Chatterjee (1999: appendix II, character 29);
Chiappe (2001a: appendix 1, character 1); Chiappe
(2002: appendix 20.2, character 1); Chiappe and
Lacasa-Ruiz (2002), regarding Noguerornis; Zhou
and Zhang (2002: appendix 111, character 1).

0573. Junctura interpremaxillaris (symphysis pre-
maxillaris), forma (ventral perspective) or angulus
symphysialis premaxillaris:

a. angular, chevroniform or “V-shaped”;

b. rounded, parabolic or “U-shaped.”

Note.—See: Bakker et al. (1988); Holdaway
(1991: appendix 5.1, character 1); Holtz (1994a: ap-
pendix 1, character 104); J. D. Harris (1998: appen-
dix 2, character 1); Azuma and Currie (2000: appen-
dix 1, character 92); Currie and Carpenter (2000:
appendix 1, character 1); Holtz (2000 [1998]: appen-
dix I, character 17); Norell et al. (2001: appendix 1,
character 29); J. M. Clark et al. (2002a: appendix 2.2,
character 25); Xu (2002: suite II, character 72); Xu et
al. (2002a: supplement, character 31), in which only
first two states recognized; Hwang et al. (2004:
supplement, character 24); Xu and Norell (2004:
supplement, character 24).

0574. Junctura (sutura) maxillaropremaxillaris
(revised term), fenestrae maxillaris et “promaxil-
laris,” situs:

a. latter rostral to former;

b. latter dorsal to former.

Note.—See: Witmer (1997); Holtz (2000 [1998]:
appendix I, character 19).

0575. Junctura maxillaropremaxillaris (revised
term), fenestrae maxillaris et “promaxillaris,” forma
sensu relative size:

a. former larger than latter;

b. former smaller than latter.

Note.—See: Witmer (1997); Holtz (2000 [1998]:
appendix I, character 20).

0576. Sutura vomeropremaxillaris (new term),
status:

a. absent; b. present.

Note.—See: Cracraft (1974: cranial character 1,
part); Cracraft (1986: appendix, character 40); Wit-
mer and Martin (1987: characters 5 and 7); Houde
(1988: table 27, character 5); Cracraft and Mindell
(1989: table 1, character 23); Elzanowski (1995: char-
acter ?N10); Cracraft and Clarke (2001: appendix 2,
character 9); Norell and Clarke (2001: appendix I,
character 17), treated similarly by J. A. Clarke (2002:
appendix I, character 17), J. A. Clarke and Norell
(2002: appendix 2, character 17), and J. A. Clarke
(2004: appendix 1, character 17); Zhou and Zhang
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(2002: appendix III, character 17); Ji et al. (2005:
supplement, part I, character 17).

0577. Sutura (synostosis) vomeromaxillaris, status:

a. present; b. absent.

Note.—See: Cracraft (1974: cranial character 1,
part); Cracraft (1988: series VI, character 4); Witmer
and Martin (1987: character 7).

0578. Junctura palatinopremaxillaris, status et typus:

a. absent, contact limited to palatinomaxillaris;

b. present, sutura aut synostosis;

c¢. present, syndesmosis.

Note.—Syndesmosis also occurs in some large-
billed cardeulines. See: D. W. Thompson (1899);
Witmer and Martin (1987: character 4); Cracraft and
Clarke (2001: appendix 2, character 8), contrasting
plesiomorphic articulatio palatinomaxillaris; Norell
and Clarke (2001: appendix I, character 16, part),
treated similarly by J. A. Clarke (2002: appendix I,
character 16), J. A. Clarke and Norell (2002: appen-
dix 2, character 16), and J. A. Clarke (2004: appendix
1, character 16); Zhou and Zhang (2002: appendix
III, character 16, part); Ji et al. (2005: supplement,
part I, character 16).

0579. Junctura interpalatina et articulatio pala-
tino-rostroparasphenoidalis (“palatorostralis”), pre-
clusion by medial interposition of ossa vomera
throughout length of palatum osseum, status:

a. present; b. absent.

Note.—Indiscernability of ossa vomera et palatina
in sectio medialis juncturae vomeropalatina pre-
cludes determination of typus juncturae (e.g., sutura
vs. synostosis) or precise quantification of interposi-
tion of ossa vomera between the ossa palatini, an
imprecision exacerbated by variable and indiscern-
able incorporation of os mesopterygoideum with ex-
tremitas caudalis palatini. See: Cracraft (1986: ap-
pendix, character 42); Witmer and Martin (1987:
character 2); Cracraft (1988: series VI, character 5);
Elzanowski (1991), in which the os vomeris is con-
sidered absent in Hesperornis; Currie (1995: fig. 1c);
Cracraft and Clarke (2001: appendix 2, character 7);
G. Mayr and Clarke (2003: appendix A, character
17); Dyke and van Tuinen (2004: appendix 1, char-
acter 17); G. Mayr (2004a: appendix 1, character 8);
Bourdon et al. (2005: appendix 1, character 5).

0580. Sutura pterygomaxillaris (new term), status:

a. absent; b. present.

Note.—See: McDowell (1948); Zusi and Livezey
(2006). Contact is achieved by the lateral portion of
bifurcated margo rostralis of os pteryogoideum in
Apteryx.

0581. Articulatio pterygopalatino-rostropara-
sphenoidalis, extreme restriction of articulatio and
pronounced angulus palatino-rostroparasphenoida-
lis, status:

a. absent; b. present.

NO. 37

Note.—Derived state includes a marked gap be-
tween edge of rostrum parasphenoidale and os pala-
tinum rostral to articulatio. Occurs in confamilials
(e.g., Ceryle) of exemplary Alcedinidae.

0582. Junctura (sutura aut synostosis) inter-
vomeralis, status definitivum:

a. absent, paired elements remain separate and on
opposite sides of the os mesethmoidale;

b. present, paired primordia united in adult, with
some taxa retaining vestigium suturae;

X. noncomparable where element absent or vesti-
gial or presence unconfirmed.

0583. Junctura—articulatio aut sutura—vomero-
pterygoidea, status et forma (ordered):

a. present, moderately extensive;

b. present, short; ¢. absent;

x. noncomparable (Struthio).

Note.—Cracraft (1988) stated Struthio as having
undergone reversal.

See: Cracraft (1974: cranial character 1, part);
Cracraft (1986: appendix, character 39); Witmer and
Martin (1987: character 1); Cracraft (1988: series V,
character 1); Cracraft and Mindell (1989: table 1,
character 12); Livezey (1997a: appendix 1, character
43; corrigenda, Livezey 1998a); J. A. Clarke and Chi-
appe (2001: character 58); Cracraft and Clarke (2001:
appendix 2, character 5); Norell and Clarke (2001:
appendix I, character 14), treated similarly by J. A.
Clarke (2002: appendix I, character 14), J. A. Clarke
and Norell (2002: appendix 2, character 14), and
J. A. Clarke (2004: appendix 1, character 14); Zhou
and Zhang (2002: appendix 111, character 14); Ji et al.
(2005: supplement, part I, character 14).

0584. Sutura jugolacrimalis, continuous (e.g., sine
ossa suturales aut uncinatum) and accompanied by
structural modification of os lacrimale, processus or-
bitalis, terminus ventralis, status:

a. present; b. absent;

Xx. noncomparable by absence of os lacrimale
(Nyctibiidae, Podargidae, Trochilidae, Bucerotidae).

Note.—See: Payne and Risley (1976: character 8),
regarding Ardeidae; Sereno et al. (1994: footnote
12), as synapomorphy of Tetanurae.

0585. Junctura jugo-quadratojugalis, typus:

a. remains distinguishable, sutura jugo-quadrato-
jugalis persistent;

b. indistinguishable in adult, synostosis jugo-
quadratojugalis complete.

Note.—See: Norell et al. (2001: appendix 1, char-
acter 38); J. M. Clark et al. (2002a: appendix 2.2,
character 38); Xu (2002: suite II, character 84); Xu et
al. (2002a: supplement, character 29); Hwang et al.
(2004: supplement, character 37); Xu and Norell
(2004: supplement, character 37).
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0586. Junctura—sutura aut articulatio—lacrimo-
postorbitalis (new term), status:

a. absent; b. present, typically broad;

x. noncomparable by absence of os postorbitale
(Neornithes).

Note.—See: J. D. Harris (1998: appendix 2, char-
acter 8); Azuma and Currie (2000: appendix 1, char-
acter 90); Currie and Carpenter (2000: appendix 1,
character 11); Holtz (2000 [1998]: appendix I, char-
acter 50).

0587. Junctura lacrimo-palatina, status:
a. absent; b. present, articulatio.
Note.—Fide P. J. Currie.

0588. Junctura jugo-postorbitalis (new term), sta-
tus:

a. present, complete, involving both os postorbi-
tale, processus jugalis, and os jugale, processus post-
orbitalis;

b. absent; x. noncomparable (Neornithes).

Note.—See: Chatterjee (1991, 1999: character 12);
J. M. Clark et al. (1994); Chiappe et al. (1996: ap-
pendix 1, character 95); Sanz et al. (1997: footnote
29, character i); Chiappe et al. (1998: character 6,
modified); Ji et al. (1998: supplement, character 6,
modified); Forster et al. (1998: supplement, charac-
ter 12, modified); Chatterjee (1991, 1999: characters
2 and 10, modified); Holtz (2000 [1998]: appendix I,
character 51, modified); Norell and Clarke (2001: ap-
pendix I, character 50), treating character solely in
terms of “contact,” treated similarly by J. A. Clarke
(2002: appendix I, character 50), J. A. Clarke and
Norell (2002: appendix 2, character 50), and J. A.
Clarke (2004: appendix 1, character 50); Chiappe
(2001a: appendix 1, character 14); Chiappe (2002:
appendix 20.2, character 14); J. M. Clark et al.
(2002a: appendix 2.2, character 33); Maryanska et al.
(2002: appendix 1, character 34); Xu (2002: suite II,
character 79); Zhou and Zhang (2002: appendix III,
character 50); Xu and Norell (2004: 840); Hwang et
al. (2004: supplement, character 32); Xu and Norell
(2004: supplement, character 32); Ji et al. (2005:
supplement, part I, character 50).

Synchondroses Facies

Note.—Consistent with nomenclatural proposals
made for palatum osseum (Zusi and Livezey 20006),
synchondrosis mesethmo-rostroparasphenoidalis re-
places synchondrosis rostromesethmoidalis. Also,
the following terms are noted: synchondrosis mes-
ethmo-ectethmoidalis, junctura (articulatio) jugo-
ectopterygoidea (new term).

0589. Juncturae maxillaro-ectopterygoidea (new
term) et lacrimo-ectopterygoidea (new term), status:
a. absent; b. present;

x. noncomparable by absence of os ectopterygoi-
deum (Ornithurae).

Note.—See: Maryanska et al. (2002: appendix 1,
character 60).

0590. Synchondrosis (articulatio) pterygo-ecto-
pterygoidea (new term), status:

a. absent; b. present;

x. noncomparable by absence of os ectopterygoi-
deum (Ornithurae).

Note.—Polarity and even occurrence uncertain.
See: J. M. Clark et al. (1994); Currie (1995: appendix,
character 16), regarding contributions of ossa ptery-
goideum et ectopterygoideum; Xu et al. (2002a:
supplement, character 47); Maryanska et al. (2002:
appendix 1, character 62).

0591. Synchondrosis (articulatio) pterygo-ecto-
pterygoidea (new term), sitae dorsoventrales ossium:

a. os ectopterygoideum ventral to os pterygoi-
deum;

b. os ectopterygoideum dorsal to os pterygoi-
deum;

x. noncomparable by absence of os ectopterygoi-
deum (Ornithurae).

Note.—See: Novas (1994 [1993]: appendix, char-
acter 13).

0592. Synchondrosis (articulatio) ectopterygo-
palatina, status:

a. absent, junctura precluded by interposition of
os pterygoideum,;

b. present;

x. noncomparable by absence of os ectopterygoi-
deum (Ornithurae).

Note.—See: Chatterjee (1991, 1999: character 20);
Currie (1995: appendix, character 17); Forster et al.
(1998: supplement, character 14); Xu et al. (1999b:
character 13, part); Xu et al. (2002a: supplement,
character 178).

Articulationes Maxillae et Palati

0593. Syndesmosis jugo-maxillaris, status:

a. absent; b. present.

Note.—Some large-billed cardeulines (unrepre-
sented) also apomorphic. See: D. W. Thompson
(1899); Lamanna et al. (2002: appendix 1, character
10), regarding extent in Abelisauridae.

0594. Articulatio vomero-rostroparasphenoidalis
(new term), status et forma (ordered):

a. present and extensive, composing majority of
dorsomedial contact between palatum osseum et
rostrum parasphenoidalis;

b. present, limited to rostral segment and supple-
mented by ligamentum mesethmovomerale;

c. present, limited to rostral segment or absent.
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Note.—See: Hofer (1949); Cracraft (1974: cranial
character 1, in part).

0595. Junctura (articulatio) quadrato-quadrato-
jugalis, typus (unordered):

a. sutura; b. syndesmosis;

c. articulatio synovialis, typically a gomphosis, i.e.,
“ball-and-socket.”

Note.—Bracketed taxa correspond to “unfused
sutura” listed by Holtz (2000 [1998]), presumably su-
turae possessed of weak ankylosis or even kinesis.
See: Gilmore (1920); Ostrom (1969); Cracraft (1986:
appendix, character 9); Gauthier (1986: 13, unin-
dexed synapomorphy of Ornithurae); Cracraft
(1988: series II, character 3); Andors (1992: table 2,
character 11); Chiappe and Calvo (1994: appendix I,
character 10); J. M. Clark et al. (1994); Holtz (1994a:
appendix 1, character 50); Chiappe et al. (1996:
appendix 1, character 10); Novas (1996: appendix,
character 61), regarding articulationes quadrato-
squamoso-otica aut postorbitosquamosa; Chiappe et
al. (1998: character 7, modified); Ji et al. (1998:
supplement, character 7, modified). Note subdivision
of state “b” to include as alternative the true articu-
latio (with cotyla articularis quadratum) noted by
Chatterjee (1991, 1999: character 16); Holtz (2000
[1998]: appendix I, character 66); Chiappe (2001a:
appendix 1, character 15); Norell and Clarke (2001:
appendix I, character 34), treated similarly by J. A.
Clarke (2002: appendix I, character 34), J. A. Clarke
and Norell (2002: appendix 2, character 34), and
J. A. Clarke (2004: appendix 1, character 34); Chi-
appe (2002: appendix 20.2, character 15); Maryanska
et al. (2002: appendix 1, characters 41-42); Zhou and
Zhang (2002: appendix III, character 34), regarding
“overlapping” vs. “peg and socket” articulatio; Ji et
al. (2005: supplement, part I, character 34).

0596. Articulatio quadratojugo-squamosa, and
presence of incorporated processus ventralis of os
squamosum and processus dorsalis of os quadrato-
jugale, status:

a. present, comprising both processus ventralis of
os squamosum and processus dorsalis of os quadra-
tojugale;

b. absent, by absence of one or both processus
ventralis of os squamosum et/aut processus ascen-
dens of os quadratojugale.

Note.—See: Thulborn (1984: 126-127, character
3); Cracraft (1986: character 60); Cracraft (1988: se-
ries I, character 9); J. M. Clark et al. (1994); Chiappe
et al. (1996: appendix 1, character 68), purporting
absence-presence of any contact between elements;
Novas (1996: appendix, character 61), regarding ar-
ticulationes between os quadratum and os squamo-
sum or latter and “postorbital”; Sanz et al. (1997:
footnote 29, character iii), for which matrix must be
acquired from author; Chiappe et al. (1998: character
8); Ji et al. (1998: supplement, character 8); J. A.

NO. 37

Wilson and Sereno (1998: appendix, character 23),
regarding mere status among Sauropoda; Holtz
(2000 [1998]: appendix I, character 64); Norell et al.
(2001: appendix 1, character 52); Chiappe (2001a:
appendix 1, character 16); Chiappe (2002: appendix
20.2, character 16); J. M. Clark et al. (2002a: appen-
dix 2.2, character 50); Maryanska et al. (2002: appen-
dix 1, character 36); Xu (2002: suite I, character 40;
suite II, character 93), the last three references per-
taining to articulatio quadratojugo-squamosa (via
processus descendens of os squamosum); Xu et al.
(2002a: supplement, character 38); Rauhut (2003:
character 46); Xu and Norell (2004: 840); Hwang et
al. (2004: supplement, character 49); Xu and Norell
(2004: supplement, character 49).

0597. Junctura quadratojugo-squamosa, forma
ventralis:

a. narrow and tapering;

b. uniformly wide or broadening;

x. noncomparable (Neornithes).

Note.—See: Chatterjee (1999: appendix II, char-
acters 6-7), described “descending process” of os
squamosum and “ascending process” of os quadra-
tojugale; Rauhut (2003: character 45), presented in
terms of ventral change in breadth of “ventral pro-
cess” of os squamosum.

0598. Articulatio quadrato-cranii (new term), ty-
pus (unordered):

a. articulatio quadrato-squamosa, wherein os
squamosum typically if not uniformly involved in
junctura postorbito-squamosa, but articulatio
quadrato-prodtica (sensu lato) absent in any form;

b. articulatio quadrato-squamoso-prodtica pres-
ent and structurally united;

c. articulationes quadrato-squamosa et quadrato-
prodtica present and distinct;

d. articulatio quadrato-squamoso-prodtica-
exoccipitalis (new term) present;

e. articulatio quadrato-squamoso-prodtica-
exoccipito-laterosphenoidalis.

Note.—Palaeognathous taxa (states “b” and “c”),
in which facies articularis in question uniquely in-
volves os exoccipitale, manifest a pila exoccipitalis
(new term), although superficially resembling the
widely recognized “pila otica” of neognathous birds.
Likely redundant incarnation of previously scripted
character.

See: Cracraft (1986: appendix, character 54);
Cracraft (1988: series IV, character 3; series VI, char-
acter 2); Cracraft and Mindell (1989: table 1, char-
acter 3); Witmer (1991); Chiappe and Calvo (1994:
appendix I, character 11), in reference to articulatio
between processus oticus quadrati and os prodticum;
Chiappe (1995b: character 11); Chiappe et al. (1996:
character 68, part); Chiappe et al. (1998: character 9,
modified); Ji et al. (1998: supplement, character 9,
modified); Chatterjee (1991, 1999: character 27);
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Chatterjee (1999: appendix II, character 30); Holtz
(2000 [1998]: appendix I, character 65); Chiappe
(2001a: appendix 1, character 20); Norell and Clarke
(2001: appendix I, character 35); Chiappe (2002: ap-
pendix 20.2, character 20); J. M. Clark et al. (2002a:
appendix 2.2, character 52); Maryanska et al. (2002:
appendix 1, character 39); Xu (2002: suite II, char-
acter 94); Xu et al. (2002a: supplement, character
39); Zhou and Zhang (2002: appendix III, characters
35-36), in reference to cranial elements and subcon-
dylae; Hwang et al. (2004: supplement, character 51);
Xu and Norell (2004: supplement, character 51); Ji et
al. (2005: supplement, part I, character 35).

0599. Articulatio quadrato-(latero)sphenoidalis
(new term), including facies articularis laterosphe-
noidalis on corpus quadrati, facies medialis, status:

a. absent; b. present.

Note.—Articulatio weakly syndesmotic.

0600. Junctura quadratopterygoidea, typus et
forma (ordered):

a. sutura;

b. articulatio complex, involving both broad con-
tact on facies medialis of processus orbitalis supple-
mentary to condylus pterygoideus quadraticum;

c. articulatio duplex, moderate dorsal extension
on facies medialis of processus orbitalis combined
with condylus pterygoideus;

d. articulatio simplex, retaining vestigial contact
on basis of processus orbitalis in addition to primary
articulatio with condylus pterygoideus;

e. articulatio simplex, virtually limited to condylus
pterygoideus.

Note.—See: Cracraft (1974: cranial character 5);
Chatterjee (1991: character 17); Zhou and Zhang
(2002: appendix III, characters 30-32).

0601. Junctura pterygopalatina, typus (ordered):

a. syndesmosis aut sutura pterygo-palatina pro-
pria, extensive rostrocaudally, caudal terminus ap-
proaching processus quadraticus pterygoidei;

b. articulatio pterygo-palatina simplex;

c. articulatio mesopterygo-palatina, with rudimen-
tary gomphosis intrapterygoidea;

d. articulatio mesopterygo-palatina, with com-
plete gomphosis intrapterygoidea.

Note.—Use of “simplex” to describe articulati-
ones of most Neornithes serves to distinguish the
variably derived gomphoses of Galloanseres. Where
syndesmosis pterygo-palatina is present, as in ratites,
junctura involves margo lateralis ossis pterygoideli,
and the latter element is interposed between rostrum
parasphenoidalis et os palatinum. Apparently un-
usual condition characterizes the moas, in which
junctura resembles sutura foliata or articulatio troch-
learis.

See: Huxley (1867); W. K. Parker (1864); T. J.
Parker (1895: plates 56 and 57); Pycraft (1900); H. J.

Miiller (1961a: fig. 2); Cracraft (1974: cranial charac-
ter 3); Cracraft (1986: appendix, character 43);
Cracraft (1988: series VI, character 6); Livezey
(1986: appendix 1, character 18), subsequently re-
fined; Cracraft and Mindell (1989: table 1, character
25); J. M. Clark et al. (1994); Livezey (1997a: appen-
dix 1, character 44; corrigenda, Livezey 1998a);
Livezey (1998b: appendix A, character 40); Chatter-
jee (1999: appendix 11, character 31, modified), with
respect to mobility; Rotthowe and Starck (1998: ap-
pendix, characters 3 and 13), latter after Dzerzhinsky
(1995); J. A. Clarke and Chiappe (2001: character
57); Cracraft and Clarke (2001: appendix 2, character
6); Manegold et al. (2004: character 5), regarding
sutura mesopterygoideopalatina; Norell and Clarke
(2001: appendix I, character 15), treated similarly by
J. A. Clarke (2002: appendix I, character 15), J. A.
Clarke and Norell (2002: appendix 2, character 15),
and J. A. Clarke (2004: appendix 1, character 15);
Zhou and Zhang (2002: appendix I1I, character 15);
G. Mayr and Clarke (2003: appendix A, character
22); Dyke and van Tuinen (2004: appendix 1, char-
acter 15); G. Mayr (2004d: appendix I, character 5);
Ji et al. (2005: supplement, part I, character 15);
G. Mayr (2005a: appendix 1, character 5); G. Mayr
(2005b: appendix A, character 4).

0602. Articulatio simplex et/aut zona flexoria
pterygopalatina, typus et forma (unordered):

a. articulatio pterygopalatina et intrapterygoidea
both present, processus palatinus pterygoidei synos-
totic with os palatinum;

b. articulatio intrapterygoidea only, processus
palatinus pterygoidei synostotic with os palatinum;

c. articulatio pterygopalatina only, processus pala-
tinus pterygoidei lacking;

d. articulatio pterygopalatina et zona flexoria
pterygoidea both present, processus palatinus ptery-
goidei synostotic with os palatinum;

e. zona flexoria pterygoidea et sutura pterygo-
palatina present;

X. noncomparable by presence of synostosis ptery-
gopalatinus (ratites) or gomphosis pterygopalatinus
(Galliformes, Anseriformes), and in many absence
of articulatio intrapterygoidea (Rheidae, Gallo-
anserae).

Note.—Syndesmoses and articulationes synovia-
les are not reliably distinguishable in this junctura.
Purportedly, syndesmosis pterygopalatina of Rhei-
dae includes detail unique among ratites (Jollie
1957), the absence of articulatio intrapterygoidea
(H. J. Miiller 1963; Baumel and Raikow 1993: anno-
tation 28). See: Zusi and Livezey (2006).

Zonae Flexoriae Ossium Faciei

Note.—Synonymous with ginglymae craniofacia-
les aut frontonasales (Biihler 1970), these zonae per-
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mit enhanced flexion or kinesis within ossa through
thinning of bone in transverse bands. Analogous ki-
nesis within cranii of mosasaurs was described by
Russell (1964).

0603. Zonae flexoriae craniofaciales, zonae flexo-
riae lateralis et medialis, rostrocaudal alignment, sta-
tus:

a. absent, zona medialis rostral to zonae laterales,
not forming a continuous, lateromedial axis transver-
sus flexoria;

b. present, forming axis transversus flexoria.

Note.—Functionally, closely related to maxillary
kinensis (Thulborn 1984: 126-127, character 3).
Plesiomorphic state results in akinesis or (rarely)
prokinesis, and apomorphic state associated with
rhynchokinesis; rhynchokinesis in a variety of taxa is
accompanied by zonae flexoriae maxillares, rostro-
dorsales, rostroventrales, dorsomedialis et/aut arcus
jugalis (Zusi 1984; Baumel and Raikow 1993: anno-
tation 47). Apterygidae and some other probe-
feeding groups have lost zona medialis; some Tro-
chilidae and “higher” passeriforms (e.g., Furnariidae
and Acanthisittidae) manifest polymorphism of
states (Zusi 1984).

See: Chatterjee (1991: character 19); Elzanowski
(1995: character ?PG7); Livezey (1998b: appendix A,
character 24), including amphikinesis in Rallidae;
Chatterjee (1999: appendix II, character 8); Ericson
(1997: table 1, character 12); Livezey (1997a: appen-
dix 1, character 36; corrigenda, Livezey 1998a);
Livezey (1998b: appendix A, character 43); Maryan-
ska et al. (2002: appendix 1, character 70), regarding
distance of “jaw joint” from cranial midline; refer-
ence to rostrocaudal motion being primary in man-
dibulae of Oviraptorosauria (J. M. Clark et al. 2001);
G. Mayr (2003b: appendix I, character 1); G. Mayr
and Clarke (2003: appendix A, character 5); Dyke
and van Tuinen (2004: appendix 1, character 2); Xu
and Norell (2004: 840).

0604. Zona flexoria craniofacialis, conformation
as variably distinct transverse linea(e), often but-
tressed by margines rostrales et/aut caudales by emi-
nentia of ossa frontales, status et forma:

a. absent, an indistinct jugum, angulus, or depressio;

b. present, a distinct lamina or sulcus;

c. present, a deep fissura with bordering eminen-
tiae.

Note.—See: Andors (1992: table 2, character 4);
Livezey (1997a: appendix 1, character 35; corrigenda,
Livezey 1998a); Livezey (1998b: appendix A, char-
acter 44); Hughes (2000: appendix 2, character 2); G.
Mayr (2002a: legend fig. 9, node 5, character 1); G.
Mayr (2004b: appendix 1, character 2).

0605. Zona flexoria palatina, status et forma (un-
ordered):
a. absent;

NO. 37

b. present, zona simplex, restricted by ligamentum
palatomaxillare;

c. present, including syndesmosis of processus
premaxillaris palatini.

Note.—See: van Gennip (1986); Baumel and Rai-
kow (1993: annotation 47).

Mandibula

Note.—Where possible, aspects of the mandibula
were treated by ossa involved, however, many fea-
tures characterizing parts or the whole of the struc-
ture—likened to a structural girder (Bock and Kum-
mer 1968)—may have comprised several, often un-
differentiable elements.

See: Lebedinsky (1920); de Kock (1955); Jollie
(1957); Romanoff (1960); H. J. Miiller (1963), the
last being critical to assessments of ratites and per-
haps galloanseres.

Os Mentomandibulare

0606. Os mentomandibulare (ossa interdentales),
status et forma definitivum (unordered):

a. present, ossa dentales separate;

b. present, ossa dentales joined by cartilagines;

c. rudimentary, not extending dorsad to margo
dorsalis of os dentale and typically appearing to be
absent entirely.

Note.—Romanoff (1960) reported cartilagines
symphysiales of birds are distinct cartilagines men-
tomandibulares (new term) or “mentomandibular
elements” and later ossify to produce the definitive
symphysis, replacing primordial cartilago symphysialis.

See: Siegel-Causey (1988: character 54) concern-
ing “accessory bone” in symphysis; J. M. Clark et al.
(1994); Holtz (1994a: appendix 1, character 114);
Pérez-Moreno et al. (1994: legend for fig. 3, charac-
ter 5); Russell and Dong (1994b [1993b]: troodontid
character 10); Currie (1995: appendix, character 6);
Forster et al. (1998: supplement, character 25, modi-
fied); Makovicky and Sues (1998: appendix 1, char-
acter 29); Sereno et al. (1998: footnote 22, character
14), referring to “paradental laminae”; Xu et al.
(1999a: character 30, modified); Xu et al. (1999b:
character 22); Azuma and Currie (2000: appendix 1,
character 62); Holtz (2000 [1998]: appendix I, char-
acter 135); Xu et al. (2000: supplement, character
15); Norell et al. (2001: appendix 1, character 91);
J. M. Clark et al. (2002a: appendix 2.2, character 93);
Xu (2002: suite I, character 10; suite II, character
124); Hwang et al. (2004: supplement, character 90);
Xu and Norell (2004: supplement, character 90).

Os Predentale

0607. Os predentale, status:
a. absent;
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b. present, on planum medianum of apex rostralis
mandibulae.
Note.—See: Benton (1990a: 24).

Os Dentale

0608. Os dentale, ramus dentalis (new term) in pla-
num transversus (craniocaudal perspective), forma:

a. lateromedially broad relative to dorsoventral
height, with deep sulcus Meckelii (“Meckelian
groove”) and distinct pluteus dentalis (new term);

b. lateromedially thin relative to dorsoventral
height, with shallow “Meckelian groove” and pluteus
dentalis;

x. noncomparable (Neornithes).

Note.—Commonly held that vestigium of carti-
lago Meckelii is incorporated within the definitive os
dentale (de Kock 1955), whereas the “Meckelian
groove” may be absent in Aves, and the pluteus den-
tale (new term)—synonymous with “dental shelf”—
may correspond to the rostrum (symphysis) man-
dibulae. See: J. M. Clark et al. (1994); Currie (1995:
appendix, character 19); Xu et al. (1999a: character
21); Xu et al. (1999b: character 95); Azuma and Cur-
rie (2000: appendix 1, character 32); Xu et al. (2000:
supplement, character 75); Maryanska et al. (2002:
appendix 1, character 73); Xu (2002: suite I, charac-
ters 8 and 47; suite I, character 16); Zhou and Zhang
(2002: appendix III, character 48); J. A. Clarke
(2004: tig. 32).

0609. Os dentale, ramus dentalis (new term), fa-
cies medialis (lingualis), sulcus Meckeli (new term),
exposure:

a. comparatively great, open medially, conspicu-
ous;

b. comparatively limited, not exposed medially.

Note.—See: Norell and Clarke (2001: appendix I,
character 48), treated similarly by J. A. Clarke (2002:
appendix I, character 48), J. A. Clarke and Norell
(2002: appendix 2, character 48), and J. A. Clarke
(2004: appendix 1, character 48); Ji et al. (2005:
supplement, part I, character 48).

0610. Os dentale, ramus dentalis (new term), fa-
cies lateralis (labialis), forma superficialis:

a. laminar;

b. with jugum lateralis and enclosed sulcus accom-
modating dentes;

x. noncomparable by edentuly (Neornithes).

Note.—See: Norell et al. (2001: appendix 1, char-
acter 71); J. M. Clark et al. (2002a: appendix 2.2,
character 71); Xu (2002: suite II, character 253);
Hwang et al. (2004: supplement, character 70); Xu
and Norell (2004: supplement, character 70).

0611. Os dentale, pars symphysialis, forma (or-
dered):

a. straight or weakly recurved; b. decurved.

Note.—See: J. M. Clark et al. (1994); Livezey
(1997a: appendix 1, character 17; corrigenda, Livezey
1998a); Sues (1997: appendix 1, character 17);
Livezey (1998b: appendix A, character 8); Xu et al.
(1999a: character 24); Norell et al. (2001: appendix 1,
character 70); J. M. Clark et al. (2002a: appendix 2.2,
character 68); Maryanska et al. (2002: appendix 1,
character 74); Xu (2002: suite II, character 252); Xu
et al. (2002a: supplement, character 197); Hwang et
al. (2004: supplement, character 67); Xu and Norell
(2004: supplement, character 67).

0612. Os dentale (occlusal perspective), ramus
dentalis (new term) immediately caudal to pars sym-
physialis, medial (re)curvature, status:

a. absent, almost straight; b. present.

Note.—See: J. M. Clark et al. (1994); Russell and
Dong (1994a [1993a]: table 2, character 14) and Rus-
sell and Dong (1994b [1993b]: troodontid character
6), regarding “symphyseal region of dentary medi-
ally recurved”; Currie (1995: appendix, character
20); Sues (1997: appendix 1, character 15); Ma-
kovicky and Sues (1998: appendix 1, character 28),
terming it “medially inflected symphyseal region”;
Xu et al. (1999b: character 96); Holtz (2000 [1998]:
appendix I, character 107), evidently following Rus-
sell and Dong (1994b [1993b]); Norell et al. (2000:
appendix 1, character 24); Xu et al. (2000: supple-
ment, character 76); Norell et al. (2001: appendix 1,
character 67); J. M. Clark et al. (2002a: appendix 2.2,
character 67); Vickers-Rich et al. (2002), concerning
Avimimus; Xu (2002: suite II, characters 105 and
252); Rauhut (2003: character 76); Hwang et al.
(2004: supplement, character 66); Xu and Norell
(2004: supplement, character 66).

0613. Os dentale (lateral perspective), ramus dentalis
(new term), rostrocaudal profile, forma marginalis:

a. margines dorsalis et ventralis mandibulae sub-
parallel, profile rhomboid;

b. margines dorsalis et ventralis divergent caudad
(convergent distad), profile subtriangular.

Note.—See: Currie (1995); Azuma and Currie
(2000: appendix 1, character 33); Norell et al. (2000:
appendix 1, character 23); Norell et al. (2001: appen-
dix 1, character 69); J. M. Clark et al. (2002a: appen-
dix 2.2, character 72); Xu (2002: suite II, character
234); Xu et al. (2002a: supplement, character 179);
Hwang et al. (2004: supplement, character 71); Xu
and Norell (2004: supplement, character 71).

0614. Os dentale (dorsal perspective), ramus den-
talis (new term), caudal alignment of rami, forma:

a. subparallel;

b. widely divergent, including both lateral and me-
dial curvature.

Note.—See: Makovicky and Sues (1998: appendix
1, character 25); Holtz (2000 [1998]: appendix I,
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character 109); Maryanska et al. (2002: appendix 1,
characters 81-82).

0615. Os dentale (lateral perspective), pars rostra-
lis, margo ventralis (relative to margo dorsalis),
forma marginalis:

a. convex or linear; b. concave.

Note.—See: Russell and Dong (1994b [1993b]:
troddontid character 6); Holtz (2000 [1998]: appen-
dix I, character 108).

0616. Os dentale (lateral perspective), pars rostralis,
distinct ventral angulus, effecting failure of occlu-
sion with rostrum maxillae, margo tomialis, status:

a. absent; b. present.

Note.—See: Makovicky and Norell (2004: character
212); Xu and Norell (2004: supplement, character 212).

0617. Os dentale, margo caudalis (new term), bi-
furcatio marginalis, status:

a. absent, margo entire, typically oblique (rarely
slightly concave), processus caudodorsalis lacking;

b. present, variable in length and depth, fre-
quently (in nonavialians) including processus caudo-
dorsalis to pars rostralis of fenestra mandibularis.

Note.—See: Cracraft (1986: appendix, characters
63-64); Cracraft (1988: series IV, character 5; series
V, character 8); Cracraft and Mindell (1989: table 1,
characters 5 and 19); Barsbold et al. (1990); Elza-
nowski (1995: 38, character unindexed); Chiappe et
al. (1999); Cracraft and Clarke (2001: appendix 2,
character 4); Norell and Clarke (2001: appendix I,
character 42), treated similarly by J. A. Clarke (2002:
appendix I, character 42), J. A. Clarke and Norell
(2002: appendix 2, character 42), and J. A. Clarke
(2004: appendix 1, character 42); J. M. Clark et al.
(2002a: appendix 2.2, character 70); Maryanska et al.
(2002: appendix 1, character 83); Xu (2002: suite I,
characters 33 and 48; suite 11, character 107); Zhou
and Zhang (2002: appendix III, character 42);
Rauhut (2003: character 77); Hwang et al. (2004:
supplement, character 69); Xu and Norell (2004:
supplement, character 69); Ji et al. (2005: supple-
ment, part I, character 42).

0618. Os dentale, margo caudalis, processus cau-
dodorsalis, forma:

a. long and shallow; b. short and deep.

Note.—See: Maryanska et al. (2002: appendix 1,
character 84).

0619. Os dentale, margo caudalis, processus cau-
dodorsalis, caudal extent (ordered):

a. terminus cranial to margo caudalis of fenestra
(caudalis) mandibulae;

b. terminus caudalis minimally beyond (dorsal to)
margo caudalis of fenestra (caudalis) mandibulae;

c. terminus caudalis distinctly beyond (dorsal to)
majority of margo caudalis of fenestra (caudalis)
mandibulae.
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Note.—See: Norell et al. (2001: appendix 1, char-
acter 72); J. M. Clark et al. (2002a: appendix 2.2,
character 70); Maryanska et al. (2002: appendix 1,
character 85); Xu (2002: suite I, characters 33 and 48;
suite II, character 107); Hwang et al. (2004: supple-
ment, character 69); Xu and Norell (2004: supple-
ment, character 69).

Os Angulare

0620. Os angulare, processus retroarticularis, dor-
sal recurvature, evidently produced by caudal elon-
gation and dorsal drawing of dorsocaudal vertex of
ramus mandibulae, status et forma (unordered):

a. absent, regio typically undistinguished or at
most tubercular;

b. present, processes cuneate;

c. present, a small but distinct hamulus;

d. present, moderately large, lateromedially com-
pressed, with margo ventralis angular, and length
less than that of rostrocaudal dimension of fossa ar-
ticularis quadratica mandibulae;

e. present, typically very large, lateromedially
compressed, with margo ventralis monotonically
curved, and length at least as great as that of rostro-
caudal dimension of fossa articularis quadratica
mandibulae.

Note.—The partitioning of curved structures in this
region, at least those considered to be homologous
based on arthrological and myological relationships,
necessitated a departure from the simplistic, tradi-
tional term “retroarticular process” perpetuated by
the Nomina (Baumel et al. 1993) and elsewhere.

See: Livezey (1986: appendix 1, character 14);
Cracraft (1988: series VII, character 11); Houde
(1988: table 27, character 15); Cracraft and Mindell
(1989: table 1, character 37); Livezey (1989: table 1,
character 14); Andors (1992: table 2, characters 22—
23); Currie et al. (1994 [1993]); J. M. Clark et al.
(1994); Sereno et al. (1994: footnote 12); Currie
(1995: appendix, character 23); Ericson (1996: char-
acter 11); Sereno et al. (1996: footnote 45, character
25); Ericson (1997: table 1, character 19); Livezey
(1997a: appendix 1, character 20; corrigenda, Livezey
1998a); Chu (1998: appendix 1, character 57); J. D.
Harris (1998: appendix 2, characters 43-44); Livezey
(1998b: appendix A, characters 17-18); Makovicky
and Sues (1998: appendix 1, character 23); Rotthowe
and Starck (1998: appendix, character 21); Xu et al.
(1999b: character 99); Currie and Carpenter (2000:
appendix 1, character 40), pertaining to breadth and
caudal exposure; Holtz (2000 [1998]: appendix I,
characters 123 [orientation], 124 [elongation], and
125); Xu et al. (2000: supplement, character 79);
Cracraft and Clarke (2001: appendix 2, character 42);
Dyke (2001b: appendix 1, character 20); Norell et al.
(2001: appendix 1, character 80); J. M. Clark et al.
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(2002a: appendix 2.2, character 80); Xu (2002: suite
I, character 114); Xu et al. (2002a: supplement,
character 59); G. Mayr and Clarke (2003: appendix
A, character 44); Dyke and van Tuinen (2004: ap-
pendix 1, character 26); G. Mayr (2004a: appendix 1,
characters 24-25); Hwang et al. (2004: supplement,
character 79); Xu and Norell (2004: supplement,
character 79); Makovicky and Norell (2004: charac-
ter 219) and Xu and Norell (2004: supplement, char-
acter 219), regarding caudal orientation.

0621. Os angulare, processus rostralis, irruptio
processi lacunis dento-angularis (new term), status:

a. present; b. absent.

Note.—New term refers to penetration by “ante-
rior prong of the angular” into “dentary-splenial cav-
ity.” See: Bakker et al. (1988); J. M. Clark et al.
(1994); Holtz (1994a: appendix 1, character 111);
Holtz (2000 [1998]: appendix I, character 117).

0622. Os angulare, planum superficialis retroar-
ticulare—dorsally rotated, roughly triangular flange
caudal to fossa articularis quadratica, defined ven-
trolaterally on facies lateralis mandibulae by marked
depressio m. pterygoideus—evidently produced by
dorsocaudal elongation of ventrocaudal vertex of ra-
mus mandibulae, status et forma (ordered):

a. absent;

b. present, comparatively short, blunt, and ori-
ented caudoventrally;

c. present, elongate, pointed, and caudally ori-
ented, with depressio m. pterygoideus extremely
well developed.

Note.—Gaviidae possess both this planum and,
rostrolateral to planum, a small, hamulate processus
articularis proper. See: Stephan (1979), regarding
Spheniscidae.

0623. Os angulare, processus retroarticularis (if
present), forma as rounded flange, coplanar with fa-
cies lateralis mandibulae, and lacking both depressio
m. pterygoideus laterally and incisura retroarticu-
laris dorsally, status:

a. absent; b. present.

Os Articulare

0624. Os articulare, ramus mandibulae, processus
medialis mandibulae, status:

a. absent; b. present.

Note.—See: Cracraft (1988); Ericson (1996);
Livezey (1997a: appendix 1, character 25; corrigenda,
Livezey 1998a) and Livezey (1998b: appendix A,
character 19); Cracraft and Clarke (2001: appendix 2,
character 41); Norell et al. (2001: appendix 1, char-
acter 79); J. M. Clark et al. (2002a: appendix 2.2,
character 79); Xu (2002: suite II, character 113); Xu
et al. (2002a: supplement, character 58), with refer-
ence to “articular ... elongate slender medial, pos-

teromedial, or mediodorsal process from retroarticu-
lar process”; G. Mayr and Clarke (2003: appendix A,
character 45); Dyke and van Tuinen (2004: appendix
1, character 27); Hwang et al. (2004: supplement,
character 78); Xu and Norell (2004: supplement,
character 78).

0625. Os articulare, ramus mandibulae, processus
medialis mandibulae, long and narrow, approxi-
mately perpendicular to mandibula at rostrocaudal
position of cotyla medialis of fossa articularis qua-
dratica, status:

a. absent; b. present;

x. noncomparable (Psittaciformes).

0626. Os articulare, ramus mandibulae, processus
medialis mandibulae, forma in which processus
short, facies caudalis supports medial portion of ex-
tensive, flattened, roughly triangular or semilunate
impressio insertii m. depressor mandibulae, status:

a. present; b. absent;

x. noncomparable (Psittaciformes).

0627. Os articulare, pneumaticitas, status:

a. absent; b. present.

Note.—Strong association between this character
and status of foramen pneumaticum of articulating
os quadratum. See: Norell and Clarke (2001: appen-
dix I, character 41), treated similarly by J. A. Clarke
(2002: appendix I, character 41), J. A. Clarke and
Norell (2002: appendix 2, character 41), and J. A.
Clarke (2004: appendix 1, character 41); Ji et al.
(2005: supplement, part I, character 41).

Os Coronoideum

0628. Os coronoideum, status:

a. present, small to moderately large, forming
laminae interdentales;

b. absent or not discernable.

Note.—Element considered to be absent in most
other Aves (de Kock 1955). Extreme elongation of
this element results in distinctive bilateral longitudi-
nal laminae along the medial aspects of the rami
mandibulae is widespread and presumably plesio-
morphic for Reptilia (Romer 1956).

See: W. K. Parker (1869a); J. T. Gregory (1952);
de Kock (1955); Nemeschkal (1983); Cracraft (1986:
appendix, character 3); Gauthier (1986: 14, unin-
dexed synapomorphy of Aves); Cracraft (1988: se-
ries IV, character 2); Houde (1988: table 27, charac-
ter 9); Cracraft and Mindell (1989: table 1, character
2); Baumel and Witmer (1993: 75); Sereno et al.
(1993: legend for fig. 3a); J. M. Clark et al. (1994);
Russell and Dong (1994a [1993a]: table 2, character
15); Elzanowski and Wellnhofer (1996); Sues (1997:
appendix 1, character 16); Chiappe et al. (1998: char-
acter 11, modified); Forster et al. (1998: supplement,
character 26, modified); Ji et al. (1998: supplement,



112 BULLETIN CARNEGIE MUSEUM OF NATURAL HISTORY

character 11, modified); Makovicky and Sues (1998:
appendix 1, character 27); Xu et al. (1999a: character
20, modified); Xu et al. (1999b: character 23); Holtz
(2000 [1998]: appendix I, character 121); Xu et al.
(2000: supplement, character 20); Chiappe (2001a:
appendix 1, character 25); Cracraft and Clarke (2001:
appendix 2, character 2); Norell and Clarke (2001:
appendix I, character 18), treated similarly by J. A.
Clarke (2002: appendix I, character 18), J. A. Clarke
and Norell (2002: appendix 2, character 18), and
J. A. Clarke (2004: appendix 1, character 18); Norell
et al. (2001: appendix 1, character 78); Chiappe
(2002: appendix 20.2, character 25); J. M. Clark et al.
(2002a: appendix 2.2, character 69 [presence] and 78
[size]); Lamanna et al. (2002: appendix 1, character
3); Maryanska et al. (2002: appendix 1, character 94);
Xu (2002: suite I, character 65; suite II, character
112); Xu et al. (2002a: supplement, character 57); Xu
et al. (2002b); Zhou and Zhang (2002: appendix I1I,
character 94); G. Mayr and Clarke (2003: appendix
A, character 41); Rauhut (2003: character 80);
Hwang et al. (2004: characters 68 and 77); Xu and
Norell (2004: supplement, characters 68 and 77); Ji et
al. (2005: supplement, part I, character 18).

0629. Os coronoideum, eminentia coronoidei
(new term), status:

a. absent; b. present.

Note.—See: J. M. Clark et al. (2002a: appendix
2.2, character 69); Maryanska et al. (2002: appendix
1, character 86), in reference to “coronoid emi-
nence” in Oviraptorosauria; Xu (2002: suite II, char-
acter 106); Xu et al. (2002a: supplement, character
51); Xu et al. (2002b); Rauhut (2003: character 72);
Hwang et al. (2004: supplement, character 68); Xu
and Norell (2004: supplement, character 68).

Os Intercoronoideum

0630. Os intercoronoideum, status:

a. present; b. absent.

Note.—Potential for confusion with os supraden-
tale and lamina on medial aspects of dentes, as well
as a derivative of os spleniale. See: Madsen et al.
(1995: 31).

Os Prearticulare

0631. Os prearticulare, processus prearticularis
(new term)—tuberculum (dorsale) insertii m. pseu-
dotemporalis superficialis—status et forma (unor-
dered):

a. absent or rudimentary (tuberositas), typically
on dorsal surface of basis prearticularis, or proxi-
mate to tomium caudal to or within fossa aditus ca-
nalis mandibulae;

b. present and prominent (tuberculum verae), on
margo dorsalis of processus rostralis prearticulare
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and at approximate midpoint of margines ventralis
et dorsalis mandibulae, typically medial to fenestra
caudale mandibulae within fossa aditus canalis man-
dibulae;

c. present and prominent (tuberculum verae), on
apex of processus dorsalis prearticulare, subparallel
with tomium and with planar facies dorsalis.

Note.—See: Hughes (2000: appendix 2, character
53).

0632. Os prearticulare, pars rostralis (new term),
abrupt dorsal expansion resulting in (medial per-
spective) lamina dorsalis ossis prearticulare (new
term), status:

a. absent; b. present;

X. noncomparable where synostotic.

0633. Os prearticulare, pars rostralis (new term),
slender processus dorsalis (new term) and slender,
comparatively elongate extension of corpus ossis
combining to produce (medial perspective) a deep
bifurcatio ossis prearticulare (new term), status:

a. absent; b. present;

X. noncomparable by synostosis (Aptornis).

0634. Os prearticulare, pars rostralis (new term),
slender processus dorsalis (new term) and compar-
atively truncate extension of corpus ossis combining
to produce (medial perspective) a shallow bifurcatio
ossis prearticulare (new term), status et forma (un-
ordered):

a. absent;

b. present, processus dorsalis extending rostrad to
corpus;

¢. present, processus dorsalis subtriangular, failing
to extend rostrad to corpus;

X. noncomparable where synostotic.

Os Spleniale

0635. Os spleniale, exposure of element on facies
lateralis mandibulae, status et forma:

a. absent, obsolete, or rectangular and not proxi-
mate to margo dorsalis mandibulae;

b. substantial, subtriangular area framed by ossa
dentale et angulare, and approaching margo dorsalis
mandibulae.

Note.—See: Houde (1988: table 27, character 4);
J. M. Clark et al. (1994); Currie (1995: appendix,
character 21); Makovicky and Sues (1998: appendix
1, character 26); Xu et al. (1999b: character 97);
Holtz (2000 [1998]: appendix I, character 119);
Norell et al. (2000: appendix 1, character 25); Xu et
al. (2000: supplement, character 77); Norell et al.
(2001: appendix 1, character 77); J. M. Clark et al.
(2002a: appendix 2.2, character 77); Norell and
Clarke (2001: appendix I, character 43), similarly by
J. A. Clarke (2002: appendix I, character 43), J. A.
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Clarke and Norell (2002: appendix 2, character 43),
and J. A. Clarke (2004: appendix 1, character 43);
Maryanska et al. (2002: appendix 1, character 92);
Xu (2002: suite I, character 65; suite II, character
111); Xu et al. (2002a: supplement, character 56);
Hwang et al. (2004: supplement, character 76); Xu
and Norell (2004: supplement, character 76); Ji et al.
(2005: supplement, part I, character 43).

0636. Os spleniale, incisura caudalis (new term) mar-
ginis rostralis fenestrae rostralis mandibulae, status:

a. absent, margo linear;

b. present, margo bifurcate.

Note.—See: J. M. Clark et al. (1994); Sereno et al.
(1994: footnote 12); Sereno et al. (1996: footnote 45,
character 24); J. D. Harris (1998: appendix 2, char-
acter 40); Currie and Carpenter (2000: appendix 1,
character 39); Holtz (2000 [1998]: appendix I, char-
acter 120); Rauhut (2003: character 79).

0637. Os spleniale, margo rostroventralis, incisura
aut foramen n. hyomandibularis (ramus caudalis),
ramulus hyoideus, status et forma (unordered):

a. absent, sutura angulosplenialis completa;

b. present, incisura, foramen completed by lacuna
in os angulare;

c. present, foramen completely enclosed within os
spleniale.

Note.—See: Sereno (1991b); Currie and Zhao
(1994b [1993b]); Rauhut (2003: character 78). Provi-
sional identification of nervus served by structure
proposed by Currie and Zhao (1994b [1993b]) as n.
mylohyoideus.

Os Supraangulare (Surangulare)

0638. Os supraangulare, pronounced, lateral
pneumatic inflation, status:
a. absent; b. present.

0639. Os supraangulare, pars rostralis, compara-
tive dorsoventral height:

a. shallow, os supraangulare less than half mandibu-
lar height dorsal to fenestra mandibulae rostralis;

b. deep, os supraangulare more than half mandibu-
lar height dorsal to fenestra mandibulae rostralis.

Note.—See: Gauthier (1986); J. M. Clark et al.
(1994); Holtz (1994a: appendix 1, character 105);
Sereno et al. (1996); J. D. Harris (1998: appendix 2,
character 37); Azuma and Currie (2000: appendix 1,
character 101); Currie and Carpenter (2000: appen-
dix 1, character 37); Holtz (2000 [1998]: appendix I,
character 115); Rauhut (2003: character 75).

0640. Os supraangulare, foramina rostrale et/aut
caudale, status et situs (unordered):

a. both foramina absent or minute;

b. foramen rostrale substantial;

¢. foramen caudale substantial;

d. both foramina rostrale et caudale substantial.

Note.—See: Sereno and Novas (1992: appendix,
character 10), with respect to “slotted surangular”;
Holtz (1994a: appendix 1, character 89); Russell and
Dong (1994a [1993a]: table 2, character 17); J. D.
Harris (1998: appendix 2, character 39), with respect
to foramen caudale; Makovicky and Sues (1998: ap-
pendix 1, character 24), merely with respect to pres-
ence of “surangular foramen”; Azuma and Currie
(2000: appendix 1, character 102), with respect to
foramen caudale; Holtz (2000 [1998]: appendix I,
character 113), in reference to “rostral surangular
foramen”; Holtz (2000 [1998]: appendix I, character
114), coded taxa in reference to “caudal surangular
foramen”; J. M. Clark et al. (2002a: appendix 2.2,
character 76); Maryanska et al. (2002: appendix 1,
character 87); Xu (2002: suite II, character 110); Xu
et al. (2002a: supplement, character 55), with refer-
ence to “foramen in lateral surface of surangular ros-
tral to mandibular articulation” and provisionally
treated as informative only regarding the rostral fea-
ture; Brochu (2003); Hwang et al. (2004: supplement,
character 75); Xu and Norell (2004: supplement,
character 75).

0641. Os articulare (supraangulare), ramus man-
dibulae, processus lateralis mandibulae, status et
forma (unordered):

a. absent or limited to a faint impressio;

b. present, variably conformed, modest tubercu-
lum or boss;

c. present as prominent, laterally oriented tuber-
culum;

d. present as prominent, “pendant” tuberculum.

Note.—See: Sereno et al. (1994: footnote 12);
Sereno et al. (1996: footnote 45, character 45), in
reference to a “pendant medial process” that was
attributed to os articulare; Ericson (1997: table 2,
character 16), who mistakenly coded the feature as
absent in four families of Aves; Livezey (1997a: ap-
pendix 1, character 24; corrigenda, Livezey 1998a);
Holtz (2000 [1998]: appendix I, character 116); Ma-
kovicky and Norell (2004: character 209) and Xu and
Norell (2004: supplement, character 209), concerning
lateral flange articulating with os quadratum. Varia-
tion is subtle and limited among Neornithes, in
part because the processus may serve as lateral
part of cotyla quadratica and/or ancora ligamentum
postorbitale (Baumel and Witmer 1993: annota-
tion 49d).

0642. Ramus mandibulae, processus lateralis man-
dibulae, hamulus lateralis (new term), status:
a. absent; b. present.

0643. Ramus mandibulae, facies dorsalis, sulcus
aut planum paratomialis (new terms), status:

a. absent;

b. present, caudal to symphysis;

c. present, extends onto symphysis.



114 BULLETIN CARNEGIE MUSEUM OF NATURAL HISTORY

Partes mandibulae

0644. Rostrum (symphysis) mandibulae, facies
dorsalis, decurvature relative to margo tomialis,
status:

a. absent, symphysis planar and parallel to tomia;

b. present.

Note.—See: J. M. Clark et al. (2002a: appendix
2.2, character 68); Zhou and Zhang (2002: appendix
ITI, character 44); Hwang et al. (2004: supplement,
character 67); Xu and Norell (2004: supplement,
character 67).

0645. Rostrum (symphysis) mandibulae, facies
dorsalis, forma superficialis (unordered):

a. concave; b. planar;

c¢. convex, along symphysis medialis.

Note.—See: Gadow (1877); Jenkin (1957); Norell
and Clarke (2001: appendix I, character 44), treated
similarly by J. A. Clarke (2002: appendix I, character
44), J. A. Clarke and Norell (2002: appendix 2,
character 44), and J. A. Clarke (2004: appendix 1,
character 44); Ji et al. (2005: supplement, part I,
character 44).

0646. Rostrum (symphysis) mandibulae, margo
rostrodorsalis, forma:

a. sublinear or weakly concave;

b. strongly concave.

Note.—See: Maryanska et al. (2002: appendix 1,
character 82).

0647. Rostrum (symphysis) mandibulae, facies
ventralis, narrow and bilaterally paired sulci passing
from margo caudalis to terminus, status:

a. absent;

b. present, typically forming chevroniform emi-
nentia.

Note.—See: Chiappe (2001a: appendix 1, charac-
ter 24); Norell and Clarke (2001: appendix I, char-
acter 7), treated similarly by J. A. Clarke (2002: ap-
pendix I, character 7), J. A. Clarke and Norell (2002:
appendix 2, character 7), and J. A. Clarke (2004:
appendix 1, character 7); Maryanska et al. (2002: ap-
pendix 1, character 75); Zhou and Zhang (2002: ap-
pendix III, character 7); Ji et al. (2005: supplement,
part I, character 7).

0648. Rostrum (symphysis) mandibulae, facies
ventralis, distinctly convex, bulbous shape, status:

a. absent; b. present.

Note.—See: Livezey (1997a: appendix 1, charac-
ter 22; corrigenda, Livezey 1998a).

0649. Rostrum (symphysis) mandibulae, pro-
nounced bilateral expansion into rounded, dorso-
ventrally flattened, rostrocaudally extensive lamina,
status:

a. absent; b. present.
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0650. Rostrum (symphysis) mandibulae, “scoop-
like” conformation involving truncate apical margin,
flattened and angular facies ventralis, status:

a. absent; b. present.

Note.—See: Sereno et al. (1996: footnote 45, char-
acter 50); J. D. Harris (1998: appendix 2, character
36); Holtz (2000 [1998]: appendix I, character 105),
regarding “squared” terminus of rostrum (symphy-
sis) mandibulae in Theropoda.

0651. Rostrum (symphysis) mandibulae, incisura
symphysialis rostrale, status:

a. absent; b. present.

Note.—See: Chiappe (2002: appendix 20.2, char-
acter 24).

0652. Rostrum (symphysis) mandibulae, margo
caudalis, foramina neurovascularia, numerus modalis:

a. one, formed by two superficially coalescent into
single, exposed medial foramen;

b. two, both remaining separate to surface.

Note.—States exclude proximate, unrelated fo-
ramina or exposed septa (cf. Otididae, Cariamidae,
Heliornithidae, and Burhinidae). Primitive falconids
(e.g., Poliohyrax, Spiziapteryx) remain bilaterally
paired. See: Stidham (1998), with respect to prema-
ture assessment of fragmentary fossil; Norell and
Clarke (2001: appendix I, characters 45-46), treated
similarly by J. A. Clarke (2002: appendix I, charac-
ters 45-46), J. A. Clarke and Norell (2002: appendix
2, characters 45-46), and J. A. Clarke (2004: appen-
dix 1, characters 45-46); Zhou and Zhang (2002: ap-
pendix III, characters 45-46); Ji et al. (2005: supple-
ment, characters 45-46).

0653. Rostrum (symphysis) mandibulae, margo
caudalis, foramina neurovascularia (if paired), forma
et numerus modalis (unordered):

a. bilaterally paired; b. dorsoventrally paired;

c. singular, central;

x. noncomparable (Falconidae).

Note.—See: Livezey (1997a: appendix 1, charac-
ter 16; corrigenda, Livezey 1998a).

0654. Rostrum (symphysis) mandibulae, foramina
neurovascularia, situs caudodorsalis:

a. margo caudalis symphysialis;

b. facies dorsalis symphysialis.

Note.—See: Norell and Clarke (2001: appendix I,
character 47), treated similarly by J. A. Clarke (2002:
appendix I, character 47), J. A. Clarke and Norell
(2002: appendix 2, character 47), and J. A. Clarke
(2004: appendix 1, character 47); Zhou and Zhang
(2002: appendix III, character 47); Ji et al. (2005:
supplement, part I, character 47).

0655. Rostrum (symphysis) mandibulae (dorsal
perspective), rostrocaudal elongation, bilateral com-
pression, and marked convergence of rami (in some
taxa become parallel) well caudal to rostrum, pro-
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ducing distinctly “Y-shaped” mandibula, status et
forma (ordered):

a. absent;

b. present, rami remain distinguishable;

c. present, rami indistinguishable and distally
form a unified, apical carina.

Note.—See: G. Mayr et al. (2003: appendix 1,
character 19).

0656. Rostrum (symphysis) mandibulae, pars sym-
physialis and anteriormost segment of pars interme-
dia, dorsoventral compression of rami producing es-
sentially flat apex (especially obvious in rostral per-
spective), associated with virtual absence of crista
tomialis rostrally, status:

a. absent; b. present.

Note.—See: Livezey (1996a: appendix 1, charac-
ters 11-12); G. Mayr and Clarke (2003: appendix A,
character 43).

0657. Rostrum (symphysis) mandibulae, facies
ventralis, pair of elongated depressiones revealing os
spongiosum, with margo caudalis of symphysis invo-
lucral, status:

a. absent; b. present.

Note.—See: Jenkin (1957).

0658. Ramus mandibulae, pronounced, mono-
tonic curvature producing continuous lateral convex-
ity, status:

a. absent; b. present.

0659. Ramus mandibulae, partes symphysialis et
intermedia, shallow sulci indicative of rhamphothe-
cal patterns, status:

a. absent; b. present.

Note.—See: Ericson (1997: table 1, character 21),
coded this feature for ratites, after Parkes and Clark
(1966), S. L. Olson (1985), and Houde (1988).

0660. Ramus mandibulae, pars intermedia, facies
lateralis, foramina neurovascularia, situs:

a. dispersed superficially;

b. confined within deep sulcus.

Note.—See: Russell and Dong (1994b [1993b]:
troddontid character 11); Norell et al. (2001: appen-
dix 1, character 73); J. M. Clark et al. (2002a: appen-
dix 2.2, character 73); Xu (2002: suite II, character
108); Hwang et al. (2004: supplement, character 72);
Xu and Norell (2004: supplement, character 72).

0661. Ramus mandibulae, pars intermedia, facies
lateralis, sulcus crescentiformis (new term), charac-
terized rostrally by pori neurovascularia and cau-
dally by lateromedial compression, status:

a. absent; b. present.

0662. Ramus mandibulae, moderate, continuous,
ventral curvature of both facies dorsales et ventrales,
in which angulus dorsalis mandibulae, angulus ven-
tralis mandibulae, zona flexoria intramandibularis

caudalis, or processus coronoideus is distinguishable,
status:

a. absent; b. present.

0663. Ramus mandibulae, pars intermedia, facies
lateralis, elongate sulcus paralleling margo dorsalis,
tuberculum ovalis on facies dorsalis, status:

a. absent; b. present.

Note.—Both structures accommodate arcus juga-
lis with mandibula adducted. See: Jenkin (1957).

0664. Ramus mandibulae, pars intermedia, facies
lateralis, longitudinal striae mandibulae (new term)
and insetting recessi alveolac (new term) of dentes
(if present), forma:

a. facies lateralis flat and lacking inset dentes;

b. facies lateralis with longitudinal cristula, and
dentes (if present) arranged as inset row;

x. noncomparable (Neornithes).

Note.—See: Sereno (1999: character 142); Suzuki
et al. (2002: character 5); Xu et al. (2002a: supple-
ment, character 198).

0665. Ramus mandibulae, pars intermedia, angu-
lus mandibulae dorsalis (new term), status et forma
(ordered):

a. absent;

b. present, but limited to terminus rostralis fenes-
tralis;

c. present, but elongate, extending over majority
of fenestra.

Note.—See: Xu et al. (2002a: supplement, charac-
ter 52), in reference to “posterodorsal process dorsal
to mandibular fenestra.”

0666. Ramus mandibulae, pars intermedia, pro-
nounced dorsoventral deepening, achieving maximal
depth at margo caudalis symphysialis mandibulae,
status:

a. absent; b. present.

Note.—See: Jenkin (1957).

0667. Ramus mandibulae, pars intermedia, facies
lateralis, fossa lateralis mandibulae, deep recessus
rostralis enclosing a large, rostrally directed foramen
neurovascularium, status:

a. absent; b. present.

0668. Ramus mandibulae, pars intermedia, facies
medialis, fossa medialis (new term) conformed as
lateromedially deep, dorsoventrally broad (occupy-
ing majority of depth of ramus), and rostrocaudally
extensive (occupying essentially all of pars interme-
dia) longitudinal sulcus, status:

a. absent; b. present.

Note.—A smaller fossa medialis occurs in many
other Neornithes; this feature appears to act to pre-
clude dorsoventral flexion of pars intermedia. See:
Livezey (1997a: appendix 1, character 23; corrigenda,
Livezey 1998a).
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0669. Ramus mandibulae, pars intermedia, facies
medialis, sulcus tomialis (new term)—deep, caudally
broadening sulcus on margo dorsalis of facies media-
lis—status:

a. absent; b. present.

0670. Ramus mandibulae, all partes, maximal dor-
soventral height as ratio to total mandibular length:

a. approximately 0.2; b. approximately 0.1;

x. noncomparable (Neornithes).

Note.—See: Maryanska et al. (2002: appendix 1,
character 77); J. M. Clark et al (2001); Murray and
Vickers-Rich (2004: table 9, character 2).

0671. Ramus mandibulae, pars caudalis, dorso-
ventral depth relative to that of ramus mandibulae,
pars symphysialis (ordered):

a. approximately 120%;

b. approximately 150-200%;

c. greater than 220%.

Note.—See: Holtz (2000 [1998]: appendix I, char-
acter 112); Murray and Vickers-Rich (2004: table 9,
character 2), regarding Dromornithidae.

0672. Ramus mandibulae, all partes, length of fe-
nestra (rostralis) mandibulae as ratio to total man-
dibular length (ordered):

a. 0.10 or less; b. 0.15-0.20;

¢. 0.25 or more.

Note.—See: Maryanska et al. (2002: appendix 1,
character 79).

0673. Ramus mandibulae, pars intermedia and
segment of pars caudalis rostral to fossa articularis
quadratica, margo ventralis, curvature (lateral per-
spective), status et forma (unordered):

a. present, variably but distinctly decurved;

b. obsolete, i.e., virtually straight;

c. present, strongly recurved;

x. noncomparable (Rynchopidae).

Note.—Decurvature so to exclude that attribut-
able entirely to angulus ventralis mandibulae (if
present). Decurvature in at least Threskiornithidae
formed comparatively late in ontogeny and is com-
posed virtually entirely of ossa premaxillares et den-
tales.

0674. Ramus mandibulae, pars intermedia and
symphysialis, margo dorsalis, pronounced medial de-
flection of tomium (approaching perpendicularity
with facies medialis), especially pronounced rostral
to margo proximalis symphysialis mandibulae,
status:

a. absent; b. present.

Note.—See: Jenkin (1957). Ventral angulation de-
velops relatively late in ontogeny, and during much
of craniofacial development the rostrum maxillae is
comparatively truncate and virtually straight.

0675. Ramus mandibulae, partes intermedia et
symphysialis, pronounced, abrupt ventral curvature,

NO. 37

effecting perpendicularity of apex and pars interme-
dia of tomia, status definitivum:
a. absent; b. present.
Note.—Corresponding curvature reflected by ros-
trum maxillae. Rostra during early ontogeny are es-
sentially straight, similar to that of Ciconiidae, as are
those of extremely apomorphic taxon (Jenkin 1957).

0676. Ramus mandibulae, pars symphysialis,
length as proportion of total length of mandibula
(ordered):

a. short, less than one-fifth;

b. medium, between one-fifth and one-third;

c. long, between one-third and one-half;

d. very long, more than one-half.

Note.—Intervals defined after method of Thiele
(1993). See: Cracraft (1971a); Livezey (1998a: char-
acter 16).

0677. Ramus mandibulae, pars symphysialis, fa-
cies ventralis, deep, narrow sulcus medialis along en-
tire symphysis, status:

a. absent; b. present.

0678. Ramus mandibulae, pars symphysialis, ex-
treme dorsoventral attenuation and tenuous aspec-
tus, status:

a. absent; b. present.

Note.—See: G. Mayr (2002a: appendix 1, charac-
ter 11), with respect to Caprimulgiformes. Related
kinetic properties of symphysis mandibulae consid-
ered under arthrologia rostri.

0679. Ramus mandibulae, angulus dorsalis man-
dibulae (new term), distinctly deeper dorsoventrally
than remainder of ramus mandibulae, emphasizing
sharp angulus ventralis of pars rostralis cristae to-
mialis (margo caudalis of pars symphysialis), status:

a. absent; b. present.

Note.—Position and depth varies within Psittaci-
formes. See: D. W. Thompson (1899).

0680. Ramus mandibulae, angulus dorsalis man-
dibulae, dorsolaterally oriented flange, status:
a. absent; b. present.

0681. Ramus mandibulae, angulus ventralis man-
dibulae (new term), status:

a. absent or indistinct; b. distinct.

Note.—Functionally associated with strepto-
gnathism. See: Livezey (1997a: appendix 1, character
19; corrigenda, Livezey 1998a); Livezey (1998b: ap-
pendix A, character 9).

0682. Ramus mandibulae, tuberculum m. adduc-
tor mandibulae externus, pars articularis (new term),
status:

a. absent or indistinct;

b. prominent, a distinct tuberculum located on fa-
cies lateralis ventrocaudal to angulus mandibulae.

Note.—Distinct from processus coronoideus (si-
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tus insertii m. adductor mandibulae externus, pars
coronoideus). See: Cracraft and Mindell (1989: table
1, character 36); Livezey (1996a: appendix 1, charac-
ter 5); Livezey (1997a: appendix 1, character 18; cor-
rigenda, Livezey 1998a), incorrectly identified.

0683. Ramus mandibulae, fenestra caudalis man-
dibulae—variably large fenestra transversa (os sur-
angulare)—typically located in pars caudalis of fossa
aditus canalis neurovascularis, status:

a. absent or appearing as foramen neurovascu-
laria;

b. present, dorsoventral dimension at least one-
fourth the height of ramus mandibulae at that point.

Note.—See: Livezey (1998b: appendix A, charac-
ter 11); Chiappe (1999: fig. 13); Norell et al. (2001:
appendix 1, character 76); J. M. Clark et al. (2002a:
appendix 2.2, character 76); Xu (2002: suite II, char-
acter 110); G. Mayr and Ericson (2004: appendix I,
character 22); Hwang et al. (2004: supplement, char-
acter 75); Xu and Norell (2004: supplement, charac-
ter 75).

0684. Ramus mandibulae, fenestra rostralis man-
dibulae, status:

a. substantial and transverse; b. absent.

Note.—Typically occurs within or in proximity to
zona flexoria intramandibularis caudalis (Baumel
and Witmer 1993: annotation 46). Status and confor-
mation somewhat problematic as both are composite
result of forms and positional interrelationships of
several elements—e.g., ossa spleniale, angulare, et
supraangulare—in two overlapping plana. Herein
the fenestra is deemed present where fenestrae lat-
eralis et medialis (regardless of coalignment of fe-
nestrae) are present in ramus mandibulae.

See: Lebedinsky (1920), regarding Aves; Benton
(2004: 18), regarding “lateral mandibular fenestra”
as synapomorphy of Archosauria.

0685. Ramus mandibulae, fenestra rostralis man-
dibulae, forma:

a. large and orbiculate;

b. small and fissuriform;

x. noncomparable (Neornithes).

Note.—See: Currie (1995: fig. 7); Norell et al.
(2001: appendix 1, character 75); J. M. Clark et al.
(2002a: appendix 2.2, character 75); Xu (2002: suite
II, character 235). Also referred to as “internal man-
dibular fenestra”; Hwang et al. (2004: supplement,
character 74); Xu and Norell (2004: supplement,
character 74).

0686. Ramus mandibulae, canalis (cavum) neuro-
vascularis mandibulae, status, lateromedial volume,
and rostral extent (ordered):

a. present, broad, rostrally extensive;

b. present, breadth and rostral extent intermedi-
ate;

c. present, breadth obsolete (lamina medialis et
lateralis largely adherent), and rostral extent limited,
e.g., comparatively robust fossa aditus canalis neu-
rovascularis;

d. obsolete or absent, remaining homologues lim-
ited to vestigial fossa aditus canalis neurovascularis
immediately rostral to (if present) fenestrac man-
dibulae et foramina neurovascularia.

Note.—Considered to represent, at least in sub-
stantial part, the spatium evacuated through chon-
droclasty cartilaginis Meckelii, in extreme cases
among dentulous taxa, canalis surrounding alveoli
dentalia in pars rostralis. Hence this spatium is ho-
mologous to an apomorphous reductive elaboration
of Meckel’s groove. Vestigial condition frequent
among Neornithes—fossa aditus canalis neurovascu-
laris—was traditionally termed “adductor fossa.”
Evidently, canalis increasingly serves as conduit for
nervii, venae, arteriae, et musculi—e.g., insertio m.
inframandibularis (Elzanowski 1987)—the latter evi-
dently manifesting general evolutionary reduction
throughout stem Theropoda. See: Ji et al. (2005:
supplement, part I, character 48).

0687. Ramus mandibulae, fenestra rostralis man-
dibulae, partial or complete division by spina (pro-
cessus) rostralis of os surangulare, status:

a. absent, conserving oval fenestra;

b. present; x. noncomparable (Neornithes).

Note.—See: J. D. Harris (1998: appendix 2, char-
acter 38); Livezey (1998b: appendix A, character 10);
J. A. Wilson and Sereno (1998: appendix, character
77); Azuma and Currie (2000: appendix 1, character
68); Currie and Carpenter (2000: appendix 1, char-
acter 38); Norell and Clarke (2001: appendix I, char-
acter 49); Norell et al. (2001: appendix 1, character
74); J. A. Clarke (2002: appendix I, character 49); J.
A. Clarke and Norell (2002: appendix 2, character
49); J. M. Clark et al. (2002a: appendix 2.2, character
74); Xu (2002: suite II, character 109); Xu et al.
(2002a: supplement, character 55); Zhou and Zhang
(2002: appendix III, character 49); J. A. Clarke
(2004: appendix 1, character 49); Hwang et al. (2004:
supplement, character 73); Xu and Norell (2004:
supplement, character 73); Ji et al. (2005: supple-
ment, part I, character 49).

0688. Ramus mandibulae, fossa aditus canalis
neurovascularis, status:

a. absent or merely a small fissura;

b. present, relatively large and triangular or sub-
circular;

x. noncomparable (Neornithes).

Note.—Not homologous with the “internal man-
dibular fenestra” of Currie (1995), in which the fossa
aditus canalis neurovascularis was referred to as “ad-
ductor fossa” (Currie 1995: fig. 7). See: Gauthier
(1986); Russell and Dong (1994a [1993a]: table 2,
character 16); Holtz (1994a: appendix 1, character
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29); Currie (1995: appendix, character 22); Livezey
(1998b: appendix A, character 12); Xu et al. (1999b:
character 98); Holtz (2000 [1998]: appendix I, char-
acter 118); Xu et al. (2000: supplement, character
78); Xu et al. (2002a: supplement, character 180).

0689. Ramus mandibulae, pars caudalis, fossa adi-
tus canalis neurovascularis, status et forma (unor-
dered):

a. absent;

b. present, variably developed, often delimited
rostrad by rostral expansion of os prearticulare;

c. present, a short, narrow, horizontal fossa;

d. present, a shallow, horizontal fossa extending
rostrad to prominent, orbiculate ostium neurovascu-
laris.

0690. Ramus mandibulae, fossa lateralis mandibu-
lae, elemental composition:

a. formed both by ossa supraangulare et articulare;

b. formed solely by os articulare.

Note.—See: Maryanska et al. (2002: appendix 1,
character 88). Consult J. M. Clark et al. (2001), re-
garding unique crania of Oviraptorosauria.

Fossa articularis quadratica

Note.—For characters of fossa articularis qua-
dratica, cotylae fossae articularis, cotylae caudalis,
lateralis, rostralis, et medialis, see corresponding
characters of os quadratum, processus mandibularis,
condyli caudalis, lateralis, rostralis, et medialis. For
example, reference to essentially bicotylar and tri-
cotylar fossa articularis quadratica of the mandibula
by Ericson (1997: table 1, character 18; table 2, char-
acter 13) is a structural “mirror-homologue” of the
corresponding characters of the condylae quadrati-
cum. Similarly, several characters of os articulare
listed by Hughes (2000: appendix 2, characters 50—
52, 54) presumably are reflected by corresponding
features of os quadratum.

0691. Fossa articularis quadratica, length relative
to processus mandibularis of os quadraticum:

a. approximately equal;

b. former approximately twice that of latter, al-
lowing for rostrocaudal kinesis of mandibula.

Note.—See: Norell et al. (2001: appendix 1, char-
acter 81); J. M. Clark et al. (2002a: appendix 2.2,
character 81); Xu (2002: suite II, character 115);
Hwang et al. (2004: supplement, character 80); Xu
and Norell (2004: supplement, character 80).

0692. Fossa articularis quadratica, dorsoventral
position relative to that of margo dorsalis of ramus
mandibulae, pars caudalis:

a. former ventral to latter;

b. former dorsal to latter.

NO. 37

Note.—See: Maryanska et al. (2002: appendix 1,
character 90). Consult J. M. Clark et al. (2001) re-
garding unique crania of Oviraptorosauria.

0693. Fossa articularis quadratica, shelflike con-
formation in which facies articularis is positioned on
dorsoventrally compressed lamina (i.e., completely
excavated both above and below) that is oriented
perpendicularly with respect to facies medialis of
pars caudalis, status:

a. absent; b. present.

Note.—See: Ericson (1996: character 10); Livezey
(1997a: appendix 1, character 26; corrigenda, Livezey
1998a); Livezey (1998b: appendix A, characters 14—
15).

0694. Fossa articularis quadratica, distinctness
(depth) and delimitation by caudomedial and lateral
laminae, forma:

a. distinct, laminae delimiting, resulting in a
deeply concave fossa articularis;

b. indistinct, laminae obsolete, resulting in a cra-
niocaudally elongate and shallow fossa articularis.

Note.—See: Cracraft (1988: series VII, character
9); Cracraft and Mindell (1989: table 1, character 35);
Andors (1992: table 2, characters 19-21); J. M. Clark
et al. (1994); Ericson (1996: character 9); J. D. Harris
(1998: appendix 2, character 41), with respect to
“ridge dividing mandibular glenoid”’; Makovicky and
Sues (1998: appendix 1, character 22); Rotthowe and
Starck (1998: appendix, characters 25 and 29); Holtz
(2000 [1998]: appendix I, character 122); Cracraft
and Clarke (2001: appendix 2, character 40); Mar-
yanska et al. (2002: appendix 1, character 93), re-
garding rostral delimitation; Xu et al. (2002a: supple-
ment, character 60); G. Mayr and Clarke (2003: ap-
pendix A, character 38).

0695. Fossa articularis quadratica, cotylae fossae
articularis, extreme rostrocaudal compaction (espe-
cially cotyla lateralis et processus medialis), status:

a. absent; b. present.

Note.—See: G. Mayr (2002a: appendix 1, charac-
ter 12), with respect to Caprimulgiformes; G. Mayr
(2005b: appendix A, character 10).

0696. Fossa articularis quadratica, sulcus inter-
cotylaris, foramina pneumatica, status:

a. absent; b. present.

Note.—See: Ericson (1997: table 2, character 15),
regarding foramina pneumatica in cotylae fossae ar-
ticularis of Anseriformes. Distinct from foramen
pneumaticum articulare, a structure connected to the
cavum tympanicum, recessus pneumatici paratym-
panici by os siphonium, and perhaps synapomorphic
for Neornithes.

0697. Fossa articularis quadratica, cotylae fossae
articularis, foramen pneumaticum articulare, status:
a. absent; b. present.
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Note.—See: Witmer (1990: 372, characters 6, 8-9);
Molnar (1991); Chiappe and Calvo (1994: appendix
I, character 13); Chatterjee (1995: character 4, part);
Chiappe (1995b: character 13); Sanz et al. (1995,
1997: character 12); Chiappe (1996b: character 12);
Chiappe et al. (1996: appendix 1, character 12); Eric-
son (1997: table 2, character 15); Chu (1998: appen-
dix 1, character 58); J. D. Harris (1998: appendix 2,
character 42); Chatterjee (1999: appendix 11, charac-
ter 15); Chiappe (2001a: appendix 1, character 26);
Norell and Clarke (2001: appendix I, character 41),
treated similarly by J. A. Clarke (2002: appendix I,
character 41), J. A. Clarke and Norell (2002: appen-
dix 2, character 41), and J. A. Clarke (2004: appendix
1, character 41); Chiappe (2002: appendix 20.2, char-
acter 26); Zhou and Zhang (2002: appendix III, char-
acter 41).

0698. Fossa articularis quadratica, cotylae fossae
articularis, tuberculum intercotylare, forma:

a. variably tuberculate with intervening depres-
siones;

b. single, centrally positioned, rostrocaudally ori-
ented jugum;

Xx. noncomparable by absence of tuberculum
(Dromornithidae).

Note.—See: Cracraft (1988: series VII, characters
8 and 10); Cracraft and Mindell (1989: table 1, char-
acter 34); Andors (1992: table 2, characters 19-21);
Ericson (1996: character 8); Livezey (1998b: appen-
dix A, character 13); Rotthowe and Starck (1998:
appendix, character 25); Cracraft and Clarke (2001:
appendix 2, character 39); G. Mayr and Clarke
(2003: appendix A, character 38).

0699. Processus retroarticularis mandibulae,
forma generalis et situs insertii m. depressor man-
dibulae:

a. narrow and rodular, situs insertii m. depressor
mandibulae a tumulus;

b. broad, situs insertii m. depressor mandibulae a
sulcus transversus.

Note.—Situs insertii m. depressor mandibulae
posssibly homologous with incisura retroarticularis
aut crista transversa fossae caudalis mandibulae.
See: Sereno et al. (1996); J. D. Harris (1998); Rauhut
(2003: character 73).

0700. Processus retroarticularis mandibulae, situs
insertii m. depressor mandibulae, forma sensu cau-
dodorsal orientation:

a. dorsal;

b. essentially caudal, i.e., caudal, caudodorsal, or
caudoventral.

Note.—See: Sereno et al. (1996); Rauhut (2003:
character 74).

0701. Fossa articularis quadratica, incisura post-
cotylaris (new term), status:
a. absent; b. present.

Note.—Distinct from small sulci immediately ros-
tral to processus or hamulus retroarticularis in some
taxa. See: Jenkin (1957); G. Mayr (2004a: appendix
1, character 24).

0702. Ramus mandibulae, pars caudalis, recessus
conicalis caudalis (new term), status:

a. absent; b. present.

Note.—See: Ericson (1997: table 2, character 14);
Livezey (1997a: appendix 1, character 21; corrigenda,
Livezey 1998a); Dyke (2001b: appendix 1, charac-
ter 21).

0703. Ramus mandibulae, pars caudalis, fossa cau-
dalis aut recessus insertii m. depressor mandibulae
(new term), status:

a. absent; b. present.

Note.—See: Lebedinsky (1920); Baumel and Wit-
mer (1993: annotations 50 and 51).

0704. Pseudodentes maxillae et mandibulae (new
term), status:

a. absent; b. present.

Note.—Apomorphy diagnostic of single terminal
taxon, odontopterygiformis. See: Zusi and Warheit
(1992); Livezey (1996a: appendix 1, character 11);
Bourdon (2006: supplement, character 52), regarding
superficially similar condition in some anseriforms,
the latter constituting comparatively small tubercu-
lae largely composed of rhamphotheca with minimal
mandibular or maxillar osseous substructures.

Suturae Facium Mandibulae

0705. Sutura (articulatio) angulosplenialis (latero-
medial perspective), sectio rostralis (new term),
forma:

a. os angulare straight and os spleniale with ver-
tically oriented processus;

b. os angulare hamulate and os spleniale spatulate
and ventral to os angulare, permitting articulatio sy-
novialis.

Note.—See: Novas (1994 [1993]: appendix, char-
acter 39), referring to “posteroventral process of
splenial.”

0706. Junctura supraangularis, typus:

a. articulatio aut sutura; b. synostosis.

Note.—Sece: Maryanska et al. (2002: appendix 1,
character 80). Consult J. M. Clark et al. (2001) re-
garding unique crania of Oviraptorosauria.

0707. Suturae dentosplenialis, dentoangularis, et
dentosupraangularis, typus:

a. sutura squamata, with overlap of os dentale
onto externa of more-caudal mandibular elements
substantial;

b. sutura plana aut squamosa, with overlap of os
dentale onto externa of more-caudal mandibular el-
ements minimal or absent.
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Note.—See: Gauthier (1986); Holtz (2000 [1998]:
appendix I, character 110).

0708. Symphysis mandibularis, typus definitivum:

a. articulatio aut junctura ligamentosus;

b. synchondrosis; €. synostosis.

Note.—See: Cracraft (1986: appendix, character
31); Gauthier (1986: 14); Cracraft (1988: series 1V,
character 6); Cracraft and Mindell (1989: table 1,
character 6); Chatterjee (1991: character 30); J. M.
Clark et al. (1994); Elzanowski (1995: 38); Chiappe
et al. (1996: appendix 1, character 98); Holtz (2000
[1998]: appendix I, character 106); J. A. Clarke and
Chiappe (2001: character 56); Cracraft and Clarke
(2001: appendix 2, character 3); Norell and Clarke
(2001: appendix I, character 6), treated similarly by
J. A. Clarke (2002: appendix I, character 6), J. A.
Clarke and Norell (2002: appendix 2, character 6),
and J. A. Clarke (2004: appendix 1, character 6);
Maryanska et al. (2002: appendix 1, characters 71—
72); Xu et al. (2002b); Zhou and Zhang (2002: ap-
pendix III, character 6); G. Mayr and Clarke (2003:
appendix A, character