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For over one hundred years the Upper Cretaceous snake
Dinilysia patagonica has been known from only the holotype
skull and associated vertebrae (Smith-Woodward, 1901; Estes
et al., 1970; Frazetta, 1970; Hecht, 1982; Rage and Albino,
1989; Albino, 1996). Recent fieldwork near Neuquen, Argen-
tina, has produced a large number of exceptionally well-pre-
served skulls and skeletons of Dinilysia that preserve osteo-
logical features missing in the holotype. This new information
is timely as recent studies of snake phylogeny have relied
upon incomplete descriptions of Dinilysia (Caldwell, 1999;
Scanlon and Lee, 2000; Tchernov et al., 2000). Our study of
the new fossils indicates that Dinilysia was a large-bodied
snake with an aniliid/ xenopeltid-like middle-ear osteology,
and an anguimorph-like hypapophyseal/intercentrum anatomy.
These new data will certainly impact future studies of snake
phylogeny. We provide the first diagnosis of Dinilysia pata-
gonica Smith-Woodward, 1901, along with a preliminary de-
scription of the new material, followed by discussion of two
important osteological features (i.e., postorbital vs. jugal, ab-
sence of a crista circumfenestralis).

The holotype and all new specimens of Dinilysia described
here were found at three localities in or near Neuquén, Ne-
uquén Province, Argentina. The fossil-producing units are
red- to white-weathering, coarse-grained sandstones assigned
to the Bajo de la Carpa Member, Rio Colorado Formation
(?Coniacian, Upper Cretaceous; Caldwell and Albino, 2001).
The holotype specimen (Smith-Woodward, 1901; Estes et al .,
1970) and two fragmentary skulls were found at Boca del
Sapo, just north of Neuquén. Another fragmentary skull, as-
signed here to Dinilysia, was collected in the 1980s from
outcrops just north of the Universidad Nacional del Comahue
in Neuquén. The most recent collection of excellent skulls
and articulated postcranial skeletons is from outcrops of the
Rio Colorado Formation exposed at the ‘‘ Tripailao Farm Lo-
cality.” These sections are located on the south side of the
Rio Negro approximately 8.5 km to the west of the bridge at
Paso Cordoba, or approximately 23 km to the southeast of
Neuquén on the south side of the river (Caldwell and Albino,
2001).

Institutional Abbreviations—MACN, Museo Argentino de
Ciencias Naturales ‘‘ Bernardino Rivadavia,’”” Buenos Aires, Ar-
gentina;, MLP, Museo de La Plata, La Plata, Argenting
MPCA-PV, Museo de la Ciudad de Cipoletti, Cipoletti, Rio
Negro Province, Argentina; MUCP, Museo de Geologiay Pa-
leontologia, Universidad Nacional del Comahue, Neuquén, Ar-
gentina.

SYSTEMATIC PALEONTOLOGY

RePTILIA Linnaeus, 1758
SQUAMATA Oppel, 1811
SeERPENTES Linnaeus, 1758
DiNILYSIIDAE McDowell, 1987
DiNILYSA Smith-Woodward, 1901
DINILYSIA PATAGONICA Smith-Woodward, 1901
(Figs. 1-4)

Holotype—MLP 26-410, a partia skull (Figs. 1A, 3B, C)
and partial postcranium.

Locality and Horizon—Locality at Boca del Sapo, Neu-
quén, Argentina (Coniacian; Upper Cretaceous).

Diagnosis—Medium-sized snake uniquely possessing com-
plex, interdigitating, frontal-parietal suture; maxilla with deep,
anterolaterally directed trough on suborbital surface; palatine
and prefrontal forming broad ventral facet for articulation with
maxilla and also forming choanal groove; ventromedial process
of coronoid contacting angular; triradiate postfrontal overlap-
ping frontal—parietal suture; postorbital closing posterior orbital
margin with distinct ‘foot’ articulating with maxillary trough;
large ‘7 -shaped quadrate; stapes robust with extremely large
and expanded stapedia footplate; extracolumella/intercalary el-
ement contacting quadrate suprastapedial process; unfused in-
tercentra present on hypapophyses of third—fourth precloacals;
fused hypapophyses/intercentra to at least 10" precloacal; an-
terior 1/3 of precloacals bearing prominent ventral hypapophy-
seal “‘keels.”

Referred Specimens—MACN-RN 1013 (isolated skull,
Figs. 1B, 3A), MACN-RN 1014 (isolated skull; Figs. 1C, 3D—
G), MACN-RN 976 (articulated partial skeleton, Fig. 2A, with
very complete skull, Fig. 1D), MACN-RN 1015 (isolated skull;
Fig. 1E), MACN-RN 1016 (29 vertebrae, possibly caudals),
MACN-RN 1017 (45 dorsal vertebrae), MACN-RN 1018 (eight
large, dorsal vertebrae), and MACN-RN 1021 (35 dorsal ver-
tebrae), MPCA-PV 527 (single skull with associated partial po-
stcranium; Figs. 1F, 4), from Tripailao Farm Locality, Paso Cor-
doba, Rio Negro Province, Argentina (?Coniacian; Upper Cre-
taceous). MUCP v 38 (fragmentary skull, Fig. 1G), MACN-N
26 (isolated strings of vertebrae associated with MUCP v 38),
MUCP v 39, 40, 98-102, 104-116, 119, 121 (isolated vertebrae
and short, articulated strings), north of the Universidad Nacion-
a del Comahue, Neuguén, Argentina (?Coniacian; Upper Cre-
taceous). MLP 79-11-27-1 (fragmentary skull; Fig. 1H), MLP
71-V11-29-1 (fragmentary skull; Fig. 11), MLP 79-11-27-2 to
79-11-27-17 (articulated strings of vertebrae), from type local-
ity at Boca del Sapo, Neuquén, Argentina (?Coniacian; Upper
Cretaceous).
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FIGURE 1. Skulls of Dinilysia patagonica. A, dorsal view of holotype skull, MLP 26-410. Scale equals 1 cm. B, dorsal view of skull of MACN-
RN-1013; inset box with line drawings of MACN-RN-1013 in, dorsal, ventral and right lateral views, and lateral and medial views of right
mandible. C, dorsal view of skull of MACN-RN-1014. D, dorsal view of skull of MACN-RN-976. E, dorsal view of skull of MACN-RN-1015.
F, dorsal view of skull of MPCA-PV 527. G, dorsal view of skull of MUCP v 38. H, dorsal view of eroded skull of MLP 79-11-27-1. |, dorsal
view of eroded skull of MLP 71-VI11-29-1. A—G, Scale equals 1 cm; H, |, Scale equals 5 mm. Abbreviations: BSOC, basioccipital; cen, centrum;
ns, neura spine; Co, coronoid; CpB, compound bone; D, dentary; EcP, ectopterygoid; ex-col, extracolumella; Fr, frontal; fld, foramen for the
lachrymal duct; fPal-Mx, Palatine-Maxillary foramen; fRO, fenestra rotundum; M x, maxilla; Na, nasal; Pal, palatine; Par, parietal; PrF, prefronta;
Po, postorbital; Pf, postfrontal; Pr, prootic; Pt, pterygoid; Q, quadrate; SOC, supraoccipital; BsP, basisphenoid; St, supratemporal; St-F, stapedial
footplate; St-P, stapedial shaft/process; VI, 6th crania nerve (abducens); X, 10th crania nerve (vagus).

DESCRIPTION The maxilla is long and low in lateral view, has at least

fourteen tooth positions and three maxillary foramina, and is

Cranial—The new Dinilysia material includes osteological rounded on its anterior tip. At the midpoint of the maxilla there
features that were either not preserved, or have since been lost, is a prominent medial process that articulates along a sloping
in the holotype specimen (Smith-Woodward, 1901; Estes et al., facet with the prefrontal anteriorly and palatine posteriorly (Fig.
1970), and we have chosen to focus our description on these 2A-C). Posterior to the palatine/prefrontal process the maxilla
new features. Some elements, such as the premaxilla, remain  bears a broad groove for articulation with the foot of the post-
unknown (Fig. 1B). orbital. Posterior to the postorbital foot the maxilla expands and
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FIGURE 2. Details of skull features of Dinilysia patagonica. A, right lateral view of skull of MACN-RN 1013; note loose contact of maxilla
with ectopterygoid, postorbital and palatine/prefrontal; B, line drawing in dorsal view of holotype (MLP 26—-410) left maxilla, postorbital, and
palatine/prefrontal; C, line drawing in ventral view of holotype (MLP 26-410) left maxilla, and palatine/prefrontal; D, left posteroventral view
of skull (MACN-RN 1014) emphasizing size of stapedial footplate and absence of a crista circumfenestralis; E, shaded line drawing of braincase
in left posteroventral view. Scale equals 1 cm; F—G, Right ventrolateral view and line drawing of skull of MACN-RN 1014. Note preservation
and articulations of stapedial shaft/process (with suprastapedial process of enlarged quadrate). Abbreviations: see Figure 1.

flattens where it underlies the short, robust ectopterygoid in a
broad non-sutural articulation; the ectopterygoid is broad and
smooth at its contact with the maxilla.

The prefrontal is a small, pyramid-shaped element that is
broadest along its contact with the maxilla, and narrowest at its
articulation with the frontal where the apex inserts into a shal-
low v-shaped facet. There is no dorsal and anterior process of
the prefrontal (Fig. 1B). Uniquely, the prefrontal contributes to
the palate. Along its ventral surface, just anterior to the contact
with the palatine, the prefrontal forms a channel that is contin-

uous with the choanal channel on the paatine (Fig. 2C) and
appears to be unique within squamates.

The postfrontal is asmall triangular bone that articulates with
the frontal and parietal and clasps the tightly sutured fronto-
parietal articulation (Fig. 1A, B, D, G); the postfrontal enters
the superior margin of the orbit but does not contact the pre-
frontal. The postorbital is dorsoventrally elongate and shaped
like an inverted “T.” The dorsal tip loosely contacts the pos-
terior margin of the postfrontal and sidewall of the parietal (Fig.
2A), while the ventral tip, broadened into a footplate-like struc-
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ture, sits in the dorsal maxillary groove (Figs. 1B, 2A). The
“jugal’” that Estes et al. (1970) identified in Dinilysia is the
ventral tip of the postorbital. Neither a jugal nor a lachrymal
can be identified in any of the known specimens of Dinilysia.

The stapedial footplate is extremely large, completely ob-
scures the fenestra ovalis (fenestra vestibularis), and is separat-
ed from the fenestra rotundum by a low ridge of bone derived
from the exoccipital, the cristainterfenestralis (Fig. 2D, E). The
columellar shaft is at an acute angle relative to the footplate
and is directed posteriorly towards the suprastapedial process
of the quadrate. It does not articulate directly with the supras-
tapedial process but instead with a round, ossified element we
identify as the extracolumella (Fig. 2K G); this element has also
been termed the intercalary or stylohyal (for recent use of these
terms see Frazetta, 1999, or Rieppel, 1980a). The quadrate is a
large ‘question mark’-shaped element with a broad cephalic
condyle, robust shaft, and broad mandibular condyle. The su-
prastapedial process is very large and expanded mediolaterally
as well as ventrally. Articulation of the extracolumella-colu-
mella complex is with the extreme ventromedial tip of the su-
prastapedial process.

Postcranial—Two of the new postcranial skeletons are par-
ticularly informative (Fig. 3A—E). The more complete and ar-
ticulated specimen, MACN RN 976, preserves 123 vertebrae in
a series of fractured but associated blocks (Fig. 3A). The lon-
gest complete string of 40 vertebrae consists of anteriormost
precloacals that are still articulated with the skull (see Rage and
Albino, 1989, for a description of the mid-precloacal vertebrae).
All the vertebrae bear paracotylar foramina. Unsuspected ver-
tebral features are found on the newest Dinilysia specimen
(MPCA—PV 527). The third and fourth most anterior pre-cloa-
cals bear large, posteriorly positioned hypapophyses with large,
unfused intercentra (Fig. 3B). The intercentrum of the fourth
precloacal has been lost, thus revealing the deeply concave sur-
face of the hypapophysis (Fig. 3B). The anterior hypapophyses
of Dinilysia are remarkable as no known fossil or extant snake
possesses hypapophyses with unfused intercentra. The posterior
position of the hypapophyses and presence of unfused intercen-
traare also observed in mosasaurs (Russell, 1967), dolichosaurs
(Caldwell, 2000), and varanoid lizards (Rieppel, 1980b). In
contrast, the fifth most-anterior precloacal bears a large hypa-
pophysis, likely with a fused intercentrum, that is typical of
snakes (Fig. 3B).

DISCUSSION

Postfrontal and Postorbital—We identify a postfrontal and
postorbital in Dinilysia. While a postorbital is common to most
modern snakes, a separate postfrontal is not. Estes et al. (1970)
identified the latter bone in Dinilysia as homologous to the post-
frontal in lizards. We concur with this identification as the post-
frontal of Dinilysia passes the positional and relational criteria
of the test of similarity (i.e., element clasping the fronto-parietal
suture), and the test of composition (i.e., dermatocranial bone).
Our identification of a postorbital in Dinilysia follows the con-
vention for snakes of identifying the element that descends ven-
trally from the area of the frontal-parietal suture, and framing
the posterior margin of the orbit, as the postorbital. Though we
follow this convention for Dinilysia, we do find this identifi-
cation problematic due to the presence of the postfrontal and
the jugal-like articulations of the postorbital of Dinilysia.

In non-snake squamates the postorbital contacts the postfron-
tal, sometimes fuses with it, extends a posterior ramus to con-
tact the squamosal, and contacts the jugal where that element
rises to meet the posterior margin of the postfrontal. In contrast,
the jugal bone variably articulates with the postfrontal, postor-
bital, or postorbital frontal, articulates with the maxilla behind
and beneath the orbit, and articulates with the lachrymal if pre-
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sent. The jugal bone of the varanoid lizard Lanthanotus artic-
ulates with the postfrontal, maxilla-ectopterygoid, and lachry-
mal (the postorbital is absent in Lanthanotus). The remaining
articulation, i.e., with the ectopterygoid, is variable among liz-
ards and snakes (e.g., in Python the **postorbital’ contacts the
ectopterygoid). Comparisons to snakes such as scolecophidians
are not possible as all superior and posterior orbital and tem-
poral-arch bones are absent. The test of topological relation
suggests a closer ‘fit’ with the jugal of non-snake squamates,
not the postorbital. The possible presence of ajugal in Dinilysia
is relevant to recent arguments on the presence or absence of
a jugal in Pachyrhachis (Caldwell and Lee, 1997; Zaher and
Rieppel, 1999) and other legged snakes such as Haasiophis
(Tchernov et al., 2000). Zaher and Rieppel (1999) have claimed
that their studies have “‘revealed’” the jugal of Pachyrhachis to
be a broken ectopterygoid. Tchernov et al. (2001), using CT
Scan reconstructions, argue that the bone is an enlarged post-
orbital that is symmetrically fractured on both sides of the ho-
lotype skull. While it seems unlikely that the element in ques-
tion is an ectopterygoid (see the ectopterygoid of the paratype
skull illustrated by Lee and Caldwell, 1998), it is intriguing that
Tchernov et al. (2001) would identify an element with devel-
oped jugal-like topological connectivities as a postorbital, sim-
ilar to the condition we note in Dinilysia.

Stapes and Crista Circumfenestralis—As was noted by Es-
teset a. (1970), Dinilysia does not possess an identifiable crista
circumfenestralis, contra Rage (1984), Rieppel (1988), and
Tchernov et al. (2000), nor is the crista prootica projecting lat-
erally around the fenestra ovalis (contra Rieppel and Zaher,
2001). The enormous size of the stapedia footplate (Fig. 3D,
E) may account for the absence of all cristae, i.e., the crista
circumfenestralis, if ad hoc morphogenetic explanations are in-
voked (as has been argued for Acrochordus by Rieppel and
Zaher, 2001). It may also be that Dinilysia is plesiomorphically
lacking the crista circumfenestralis as was argued by Estes et
al. (1970) and McDowell (1974). However, at this point it can
only be stated, prior to the test of congruence, that the test of
similarity indicates that the crista circumfenestralis is absent in
Dinilysia.

Unlike the condition in snakes (see Wever, 1978), we also
follow Estes et al. (1970) by identifying the opening ventral to
the fenestra ovalis as the fenestra rotundum (Fig. 2). The fe-
nestra rotundum is present in most lizards, but is considered
absent in snakes and other squamates and turtles that possess a
reentrant fluid circuit; the circuit cannot function if the round
window membrane is present (Wever, 1978). A foramen, or
niche (see Wever, 1978), is still present, as in amost all squa-
mates, but in snakes it forms the channel of fluid movement
from the recessus scala tympani to the pericapsular space. In
the otic region of Dinilysia, Estes et al. (1970) identified the
fenestra ovalis, the fenestra rotundum, and the foramen for the
10 crania nerve (Fig. 2D, E). The difficulty with identification
of Estes et al.’s fenestra rotundum as the lateral aperture of the
recessus scala tympani is that it is not within the crista circum-
fenestralis (the usual condition for extant snakes). In some basal
snakes, where the crista circumfenestralis is incomplete poster-
oventrally, the aperture is referred to as the fenestra pseudoro-
tundum.

The osteology of the middle ear is aso very intriguing. Com-
parison of the new specimens to the modern macrostomatan
Xenopeltis (see Frazetta, 1999) indicates a number of shared
characters. Both Dinilysia and Xenopeltis possess a broad sta-
pedial footplate with a posterodorsally angled stapedial shaft.
That shaft contacts a small extracolumell&/intercalary/stylohyal
element that articulates with the suprastapedial process of the
quadrate. The head of the quadrate in both taxa is very broad
and laterally flattened along the contact with the supratemporal.
The topographic connectivities of the supratemporal are com-
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FIGURE 3. Postcranial skeletal elements of Dinilysia patagonica. A, dorsal view of articulated specimen of Dinilysia patagonica (MACN-RN-
976); scale equals 10 cm. B, ventral view of the “‘cervical” series (anteriormost precloacals) of Dinilysia patagonica (MPCA-PV 527); scale
equals 1 cm. C—E, anterior dorsal vertebra from holotype in lateral, anterior, and posterior view (MLP 26-410); scale equals 1 cm. Abbreviations:
cen, centrum; con, condyle; cot, cotyle; d-ap, diapophyses; hk, haemal keel; na, neural arch; ns, neural spine; pactf, paracotylar foramen; p-ap,
parapophyses, poz, postzygaophyses; prz, prezygapophyes, przap, prezygapophyseal accessory process, r.at.na., right atlas neural arch; sf,
subcentral foramina; sg, subcentral groove; zgf, zygantral facets; zpf, zygosphenal facets.

mon in both snakes (i.e., articulating with the parietal, prootic,
and exoccipital in abroad *‘ L’ -shaped groove). Modern aniliids
also possess a similar osteology, though the ossified intercalary/
extracolumellar element is absent in Anilius (Rieppel, 1980b).

Reference to the phylogenies present in the literature would
suggest that the absence of a crista circumfenestralis in Dini-
lysia is plesiomorphic. However, recent descriptions of the otic
region of Achrochordus (Rieppel and Zaher, 2001) would sug-
gest that absence of the feature in some snake taxa may be
explained by paedomorphosis.

The many new features of Dinilysia, such as the presence of
a stylohya element, the absence of a crista circumfenestralis,
or the presence of unfused cervical intercentra, raise new ques-
tions about the phylogenetic relationships of snakes. Questions
on primitive versus derived characters for snakes center on the
phylogenetic position of scolecophidians, the Cretaceous ma-
rine snake taxa such as Pachyrhachis and Haasiophis, and early
terrestrial Gondwanan snakes such as Dinilysia and the Madt-
soiidae (Caldwell and Lee, 1997; Rage and Escuille, 2000;
Scanlon and Lee, 2000; Tchernov et al., 2000).
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