Rinconsaurus caudamirus gen. et sp. nov., a new titanosaurid
(Dinosauria, Sauropoda) from the Late Cretaceous of
Patagonia, Argentina

Jorge 0. Calvo Museo de Paleontologia y Geologia, Umivorsidad Nacional del
Comahue, Buenos Aires 1400 (A300), Neuguen, Argenting
jocalvoa 0@ yahoo.com.ar

Bernardo J. Gonzalez Riga Laboratonio de Paleovertebrados, |ANIGLA - CRICYT, Gentro Begural
da Investigacionas Cientificas y Tecnoldgicas. Avda. R. Leal sin,

Parque Gral. S5an Martin (5500), Mendoza, Argenting

(bgonnna@lab.cneyl.edu_ar)

ABSTRACT

Ainconsaurus caudamirus gen, el sp. nov. (Dinosauna, Sauropoda) is a new and slender Titanosauridae. The
spacimans come from the Upper Crefaceous strata ol the Rio Meuguén Formation at Rincdn de los Sauces, Neuquen
Province, Patagonia, Argentina, The remains include 13 anticulated caudal vertabrae and disarticulated cranial, cenvical,
dorsal and appendicular materials. These fossils belong to three individuals, two adults and one juvenile. This naw spacies
is characterized by the following association of autapemorphies: (1) newral spines inmid-anteror dorsal vertebras inclined
posterioy more than 60 degreas with respact to tha vertical, (2) middle caudal verlebrae with bony processes that suppon
the articular surfaces of postzygapophyses, and (3) procoelous posterior caudal cantra with intercalation of a senes ol
amphicoelous-biconvex or amphicoelous-opisthocoelous-biconvex contra, A cladistic phylogenatic analysis placed
Rinconsaurus in tha family Titanosauridae. Within Titenosaundae (Rinconsauruys + Asolosaurus) is considerad a sister
group of the clade (Opisthocoalicaudia + (Alamosaurus + (Neuguensaurus + Sallasaurus))). Rinconsaurus caudaminis
has preserved short ariculated posterior caudal seres with amphicoslous, opisthocoelous and biconvex centra, This
unusual morphology represents he first such occurrence in sauropod dinosaurs. From the systematic point of view, this
discovery iz important because Titanosauridae were fradifionally defined, among other characters, by strongly developead
procoelia in their caudal vartebras.
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RESUMEN

Rinconsaurus caudamirus gen. et sp. nov., un nuevo titanosaurido (Dinosauria, Sauropoda) del
Cretacico Tardio de Patagonia, Ii!ilrgentin:ell. Rincansaurus caudamirus gan et sp. nov. (Dincsauria, Saurpeda) es
un nuevo y esbelto Tilenosaundae provenients de la Formacidn Rio Neuguén, Cretacico Superior de Rincdn de los
Sauces, Provincia de Mauquén, Patagonia, Argentina. Sus restos estan integrados por 13 vértebras cavdales articuladas
y materiales craneales, cervicales, dorsales v apendiculares desariculados, que perfenecen a tres indiiduos, dos
adultos y un juvenil. Este nuevo taxon se caracteriza por la siguiente asociacion de autapomaorias: (1) vénabras dorsales
medicanieriores con espinas neurales inclinadas postenormente mas de B0 grados con respecto a la vertical, (2)
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vertebras caudales medias con procesos dseos que sostienen las canlias arliculares de las poszigapolisis y (3) variebras
caudales procélicas con intercalaciones de senes con centros anficelicos v bioconvexos, o con centros anficélicos,
opstocélicos y biconvaxos. Un andlisis filoganético cladista parmite incluir a Rinconsavrues en la familia Titanosauridae.
Dentra de Titanosauridae ( Rinconsaurus + Acolosaurus) es considerado un grupo hermano del clado { Omsthocoelcaudia
v {Alamasaurus + (Neuguensaurus + Sallasaurus))). Ainconsaurus caudamirus presenta dos cortas secuencias caudales
postenores arliculadas con centros anficélicos, opislocélicos y biconvexos. Esta inusual morfologia se registra por
primerds vez en dinosaunos sauropodos. Es importante desda al punto de vista sistematico, ya que Titanosauridae ha sida
tradicionalmente dafinido, antre atros caracteras, por la presencia de fuerte procelia en sus vértebras caudales.

Palabras claves: Dinosauria. Savropoda. Tilanosauridas, Craldcice Tardio, Neugudn, Argantina,

INTRODUCTION

Titanosauridae constitutes a group of saurapad
dinosaurs with a wide geographical distribution and
diverse adaptive types (Salgado et al., 1297a). In
South America the record of Titanosaurnidae is
paricularly abundant. They are known since the
KX century (Lyddeker, 1893). During the Late
Cretaceous, titanosaurids were important primary
consumers in the ecosystems of Patagonia, as the
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Text-FIG, 1. Map of Meuqudén Basin (Patagonia, Argentina) showang
the locality where the holotype of Rinconsaurus caudamins
gen. Sp. nov. wis lound.

arnithischians were in the Narth America This dif-
ference has been explained by the gradual isolation
of South America duning most of the Late Cretaceous
(Hugne, 1929; Bonaparte, 1986; Bonapare and
Kiglan-Jaworowska, 1987). Recent studies show
that the biogeographic history of the titanosaurs is a
complex subject to analyze (Wilson and Serenc,
1998; Curry Rogers and Foster, 2001)

The Neuguén Province, situated i northem
Patagoma, has yielded many well preserved litano-
saurid fossils trom the MNeuguen and Malargue
Groups (Calve and Bonaparte, 1951; Bonaparte
and Coria, 1993; Salgado and Calvo, 1993; Calvo
and Salgado, 1995).

in the last five yaears, axtraordinary hitanosaund
fossils were found in the region of Hincdn de los
Sauces, northern Neuguén Province, Some of these
discovenes include articulated specimens {Calve ef
al, 1987: Coria and Salgado, 1298; Calve and
Gonzalez Riga, 1999; Gonzdlez Riga and Calvo,
19399; 2001). The excavations of these discoveries
were coordinated by investigators of the National
University of Comahue and they have been partially
supported by the local Town Hall,

The aim of this work is to describe a new
titanosaurid from the Rio Neuguén Formation,
Rinconsaurus caudanmirus gen, et sp. nov,

The speoimens described here were found in
1997 by Gabriel Benitez at Cafaddn Rio Seco, 2km
north of Rincdn de los Sauces (text Fig. 1), They
were extracted by the paleontologist J. Calvo and
his team of the Paleontalegy Museum of the National
University of Comahue. Fossil remains are housad
at the Laboratory of Rincon de los Sauces Museum
under the abbreviation MRS-Pv,
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SYSTEMATIC PALEONTOLOGY

Order Saurischia Seeley, 1887
Suborden Sauropodomorpha Von Huene, 1932
Infracrden Sauropada Marsh, 1878
Superfamily Titanosauria Bonaparte and Coria, 1993
Family Titanosauridae Lyddeker, 1893
Rinconsaurus gen. nov.

Type species: Rinconsaurus caudaniirus sp. nov.,
15 described below.

Diagnosis: slender titanosaurid characterized by
the following association of autapomorphies: (1)
neural spines in mid-anterior dorsal vernebraeg
inclined posteriorly more than 80 degrees with
raspect to the vertical; (2) middle caudal vertebrae
with bony processes that support the articular facets
of posizygapophyses, (3) procoelous postenor cau-
dal centra with the eventual intercalation of a senes
of amphicoslous-biconvex or amphicoelous-
opisthocoelous-biconvesx centra. These autapomaor-
phies are associated with the following combination
of 'synapomaorphic’ characters: pencil-chisel-like
teeth with wear facets sharply inclined; suboval
teeth with labial and lingual faces well differentiated
by crests; acuminate (eye-shaped) pleurocoals in
dorsal vertebrae; absence of hyposphene-hypan-
trum articulation in dorsal vertebrae; prespinal lami-
na in dorsal vertebrae well developed until the base
of the neural spine; centroparapophyseal lamina in
posterior dorsal vertebrae; forked centrodiapo
physeal lamina in postenor dorsal vertebrae; ante-
rior and middle caudal centra strongly procoalaus;
neural archesin middle and posterior caudals placed
antenorly, coracoid of quadrangular shape; semi-

lunar sternal plates; absence of phalangeal articular
facets on the metacarpals; relatively shont posterior
process of ischium; slender and well developed iliac
pedicel of ischium; expanded and laterodarsally
directed preacetabular lamina of ilium; diapophyses
in dorsal vertebrae with honzontal surfaces in their
distal end; haemal arch ariculations open proximally;
femur with a lateral bulge below the greater
trochanter.

Etymolegy: in reference to Rincon de los Sauces
(Neuquen Province, Argentina) whera the dinosaur
was found; saurus (Greek), lizard,

Rinconsaurus caudamirus sp. nov.
(Pl 1. A-H: PI. 2. A-C; PI. 3, A-B: text-Figs. 2, 3)

Diagnosis: same as for genus.

Etymalagy: cauda (Latin), tail, mirus (Lating,
astonishing, amazing, in reference to the unusual
morphology of posterior caudal vertebrae,; freely
‘the dinosaur from Rincan with amazing tail',
Holotype: mAS-Pv 26, 13 articulated anterior-middle
and middle-posterior caudal vertebrae and two ilia.
Paratypas: the following bones assocated with the
holotype are included: teeth (MR3-Pv 117, 263),
prefrontal (MRS-Pv 102), angular and surangular

Taxt- FIG. 2

mj

Skeletal reconstructon of Rnconsaures cavdamirus gen, et sp, nov,, showing preserved bones (estimated total length: 11
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(MRS-Pv 112), cervical vertebras (MRS-Pv 2, 3,8, 4
and 21), dorsal vertebrase (MRS-Pv 5, 6, 9, 11, 13,
16, 17, 18 and 19), antenor caudal vertebrae (MRS-
Py 2223, 24, 25 and 27), middle caudal vertebrae
(MAS-Pv 27, 28 and 31), posterior caudal vertebrae
(MRAS-Pv 29, 30, 32-40), haemal arches (MRS-Pv
20, 42, 53; 99, 109, 113), scapula and coracoid
(MRS-Pv 43), sternal plates (MRS-Pv 46, 103, 104),
humerus (MRS-Pv 47), metacarpals (MRS-Pyv 98),
ischia (MRS-Pv 94, 101), ilia (MRS-Pv 98), pubes
(MRS-Pv 97, 100), femora (MRS-Pv 448, 82) and
metatarsal (MRS-Pv 111).

Specimens: the holotype and paratypes of Rinco-
nsaurus caudamirus carrespond to three individuals,
two adults and one juvenile. All fossil remains (dor-
sal verlebrae, articulated caudal vertebrae and
appendicular bones of different sizes) were found
associated, exhibit similar morphologies and
constitute a monospecific assemblage. The best
presernved bones, the articulated caudal series MRS-
Pv 26, were associated 'in life position” with twa ilia.
Moreover, associated with them, several articulated
dorsal vertebrae (MRS-Pv 05) wera presarved that
probably correspond to the same specimen, as well
asseverallimb bones. Inthe same fossil assemblage
were lound several arliculated vertebrae and limb
hones that correspond to other two specimens.
Duplicate bones represented by caudal vertebrae,
ilia, sternal plates, ischium and femur exhibit the
same maorpholoegical characters. These paleont-
ological evidences confirm the presence of a
monospecific assemblage. Forthis reason, allbones
recovered were included in the same type senes
(holotype and paratypes) such as the Comision
Internacional de Nomenclatura Zoalagica (2000)
indicates.

Horizon, age and locality: Rio Neuguen Formation
(Neuguén Group), Late Cretaceaous, late Turanian-
Coniacian according to Leanza and Hugo (2001).
I'he fossils come from Canadon Rie Seco site, 2 km
north of Rincan de los Sauces, Neuguén Province,
Patagonia, Argentina (text Fig. 1).

Description: skull and jaw (PI. 1, A-D). A cranial
fragment, one mandible and teeth have been
recovercd, The right prefrontal (MRS-Pv 102) is
small and anteropostencrly elongated. 1s poslerior
end is transversally wide and it is arched postero-
ventrally. The anlerior end is acule in its exposed
partion. The articular surface for the nasal is
extensive, Its postenor border is concave and of

triangular shape. The lateral border of the prefrontal
contributes to the skull roof and the posterodorsal
border of the orbit. Its rugose surface contains small
grooves.

The posternior portion of the mandible includes a
porticn of the angular and surangular (MRS-Fv 112),
both form a kind of a bar (P1. 1, B). The surangular
is a delicate and elongated bone lamina. Posteriorly,
the ventral border is slightly convex in lateral view
and it becomes concave anteriorly. In medial view,
the angular forms a weakly concave surface.

Two long and thin teeth have been preserved
(FLL 1, C, ). One of them {MRS-Pv 117) has a
suboval section, and has two crasts that allow us to
differentiate slightly convex lingual and more convex
labial surfaces. Its apex is incomplete, The other
tooth (MRAS-Pv 263), more complele and bowed
lingually, presents the sama features as the antenor
one but in more marked form. The worn surface is
parallel to the tooth axis. It s remarkable with
respect to tha development of sharp crests forming
the anterior and posterior borders. In general,
titanosaurid teeth are pencil-chisel like (Calvo, 1994)
with a sharp worn surface placed almost parallal to
the tooth axis. Some have oval section with rounded
borders depending the position in the jaws. The
suboval leeth wilth labial and lingual faces well
differentiated by crests present in Ainconsaurus
caudamirus (Pl 1, C} is an unusual character tor
derived titanosaurids. However, a similar morphol-
ogy, with some differences in the cross-seclional
shape, is also present in the basal titanosaurnd
Malawisaurus dixeyi (Jacobs ef al,, 1993).
Cervical vertebrae (PI. 1, E, F). Two anterior cer-
vical vartebrag were recovered (MRS-Pv 08, 21).
They possess relatively short, apisthocoelous cen-
tra, wider than high. In their lateral side is a deep,
acute depression that defines the pleurocoels. The
parapophyses are located at the base of the centra.
Laterally, the centroprezygapophyseal and centro-
diapophyseal laminae are inclined strongly forward.
This inclination differs considerably from that of the
Sallasaurinae {Bonaparte and Powell, 1980; Powell,
1992), butit is very similar to the inchination cbserved
in the Titanosauridae indetl. 'Series B from Brazil
{Powell, 1987).

Posteriorly, the opisthocoelous centra increase
in length. This character is observed in the middle
cervical vertebra MRS-Pv 02 and in the posterior
cervical vertebrae MRAS-Pv 03 and MRS-Pv 04, the
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TABLE 1, MEASUREMENTS [MM) OF VERTEBRAE OF RINCONSAURUS CALUDAMIRUS.

Carvical Darsal Middle caudal Posterior caudal
LH&QlEtﬂIinl‘l Nos. MRS-Pv 03 MRS-Pv 17  MRS-Pv 26/2 MRS5-Pv 271
—— S —
| Height of the cemrum 134 137 B1 hE
Width al 1ho centrem 137 145 a6 * G2 |
Lengih of the centrum 485 130 128 114 |
388 185 121

Cwerall height a0 -

* Incomplate or distoned.

last one not complete (P11, E, F). They are relatively
slender and wider than high (Table 1). The ventral
face is wide and smoothly concave anteropoasteriarly.
In the lateral face of the centum there is a long
anteropostenor deprassion with small pleurocoels.
This depression is divided by a posteroventrally
directed lamina. The parapophyses are laminar and
subtriangular. They are located in the anterior half
of the vertebral body and extend lateromeadially. In
anterior view, the spinodiapophyseal and
spinoprezygapophyseal laminae reach each other
at the level of the postzygapophysis, defiming a
subtriangular depression. The diapophysis is located
on the anterior half of the body, at the level of the
prezygapophysis. ILis reinforced by the anterior and
pasterior centrodiapophyseal laminaa, the prezyga-
diapophyseal lamina and the postzygadiapophyseal
lamina. In this way, these laminaeg form four deep
depressions around the diapophysis. The
prezygapophyses are relatively long, extending
beyond the antenor end of the vertebral body; the
postzygapophyses do not extend beyond the center,
The opposite is aobserved in Salfasaurus (Fowall,
1992; Salgado of al,, 1997a). The articular suraces
of the prezygapophyses are elongated antero-
posteriorly and inclined toward the medial plane.
The prezygapophyses are reinforced by two
centroprezygapophyseal laminag that in anterior
view define a deep depression. The neural spine is
low and distally expanded.

Dorsal vertebrae (Fl. 1, G, H). The authors have
collecled three articulated anteromedial dorsal neural
arches (MRS-Pv 05). The naural arches are wider
than long and have suffered dorsoventral compres-
sion. The prezygapophyseal facets are reduced
and have an oval outline. The centroprezy-
gapophyseal lamina is absent. In contrast, Salla-
saurus possesses two centroprezygapophyseal
larminae (Powell, 1992) and Lirainosaurusone (Sanz

el al., 1999). Inthe most anterior dorsal, an accessory
centrodiapophyseal lamina extends parallel to the
centrodiapophyseal lamina. At this level, the ante-
rior and posterior centrodiapophyseal laminae are
not forked as they occur in the middle-posterior
dorsal arches (MRAS-Pv 08). The prezygadiapo-
physeal lamina presents a straight border in dorsal
view. The almost horizontal postygadiapophyseal
lamina has a concave border in dorsal view.

The neural spine is reduced and fransversely
expanded distally. It is reinforced ventrally by a
spinopostzygapophyseal lamina. The neural spines
is strongly inclined postenorly. In spite of that, in
most of titanosaurs an inclination of the neural spine
in anterior dorsal vertebrae is present (Wilson and
Sereno, 1998) no specimen described up to now
has an inclination of more than 60 degrees with
respect to the vertical (P1. 1, G). For this reason, this
character can be considered an autopemaorphy of
Hincansaurus caudamirus.

The prespinal lamina extends to the base of the
neural arch. The accessory spinodiapophyseal
laminae are not present. In contrast, theso laminag
are prasent in Argentinosaurus huinculensis (Bona-
parte and Coria, 1993), Opisthocoelicaudia skar-
zynskii (Borsuk-Bialynicka, 1977), Lirainosaurus
ashbias (Sanz ef al, 1999) and the Titanosaundaeg
indet. DGM "Series B' from Brazil (Powell, 1887).

The authors have also recovered an isolated
middle-posterior dorsal neural arch (MAS-Pv 06). In
lataral view, there is a bifurcation of the centrodia-
pophyseal lamina. The neural spine is reinforced by
a prespinal and postspinal laminae. In dorsal view,
the spinadiapophyseaal and spinoprezygapophyseal
laminae form a wide and deep cavity

The posterior dorsal vertebrae (MRS-Pv 17, 18)
exhibit relatively short apisthocoelous centra, wider
than high (Table 1). In their lateral faces, they have
well developed, eye-shaped pleurocoels. The pleuro-
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cogels are elongated and deep, and they occupy 60
percent of the centrum length. The hyposphene-
hypantrum articulation is absent. In only few poste-
rior dorsal vertebrae the neural arch is partially
presenved. The neural arch has a wide lateral base,
which occupies more than 80 percent of the centrum.
Fhe fransverse process is relatively thin. The
diapophyses are directed laterally and upward, They
are reinforced venlrally by centrodiapophyseal,
poestygadiapophyseal and paradiapophyseal
laminae, and are supported dorsally by the spinodia-
pophyseal lamina. The distal end of the diapophysis
prasant a harizontal and plane surface, similar to
thatin Saltasaurus(Powell, 1992) and Lirainosaurus
{Sanz et al, 1999), The parapophyses are not well
preserved bul they are reinforced ventrally by robust
anterior and slender posterior centroparapophyseal
laminae. The last one unites to the inferior portion of
the centrodiapophyseal lamina, similar o that of
Saltasauwrus. The articular surface of the postzy-
gapophysis pralongs as the postzygadiapophyseal
laminae. The postzygapophyses arewell separated.
The neural spine is undivided. Itis composed by the
spinodiapophyseal. spinopostzygapophyseal,
prespinal and postspinal laninae; all unite in the
transversal broadening of the distal end. The
praspinal lamina is well developed, extending to the
base of the neural spine. Besides the described
materials we have collected 6 dorsal centra, some
with incomplete neural arches (MRS-Pv 9, 11, 13,
16, 19).
Sacrum. Two fused centra have been preserved
{MHAS-Pv 41) without any diagnostic character.
Caudal vertebrae. The authors have collected
several caudal vertebrae; some are isolated, but
others are articulated. Below, the authors describe
their shape and morphology in different parts of the
tail. Allthe caudals collected belong to two individuals
of Rinconsaurus caudamirus,
Anterior caudal vertebrae . The first part of the tail
s represented by two poorly preserved centra and
neural arches. The ?first caudal (MRS-Py 22) has
thin, laminar and laterally direcled transverse
processes. At the base of the postzygapophyses,
the transverse processes possess two foramina.
The second caudal (MRS-Pv 23) is strongly
procoalous and has smaller lateral expansion than
the firsl one. In laleral view, the centrum presents a
depression with the shape of a pleurocoel.

The series of anterior caudals is not complete,
Three articulated series have been collected. MRAS-

Pv 23 is represented by five vertebrae, MAS-Pv 24
by six vertebrae and MAS-Pv 25 by three vertebrae.
The holotype (PI. 2, A) includes an articulated senes
of caudals (MR3-Pv 26) represented by four anterior
caudals, eight middle caudals and five postenor
ones.

The centra of anterior caudals are higher than
wide, and are strongly procoelous. The lateral faces
are slightly concave anteroposteriorly. The ventral
tace is flal and becoming narrower toward the
middle caudals. The articulations for the chevrons
are well developed and they are placed al the
posterior end of the centra. The posternor borders of
the neural arches are located approximately in the
middle of the centra, The transverse processes,
directed laterally, are projeclted posteriorly. The
anterior border of the neural arch is placed almost
on the anterior border of the centra. The neural arch
i5 higher than the vertebral body. The base of the
prezygapophyses are born almoest on the anteror
baorder of the centrum and they ara directed shightly
upward. The articular facets of the postzygapo-
physes are directed laleromedially and they are
relatively reduced. The postzygapophyses are
located before the posterior end of the vertebral
body. The neural spine, narmow anteroposteriorly, is
directed vertically and it presents a shghtly expanded
distal end. The articular faces of the postzygapo-
physes are separated from the neural sping by a
bony process, absent in olher tilancsaurids,
Middle caudal vertebrae (Fl. 2, A-C). The halotype
(MAS-Pv 26) preserves eight middle caudal vertebrae
and five postenor ones. There is also an articulate
sarnas of three middle caudals (MRS-Pyv 27), lwo
incomplete disarticulated middle caudals (MRS-Pv
28) and an isolated one (MRS-Pv 31).

Middle caudals are similar to the antenor caudals
except for the neural spine, that is directed
posteriorly, and for the absence of transverse
processes. Middle caudal centra are strongly
procoelous, as high as wide. The lateral faces are
flat, slightly concave anteroposteriorly. The ventral
face of the centra is narrow and flat, with a strong
compression inits middle part. The prezygapophyses
are dirccted horizontally or slightly upward, Both
prezygapophyses fuse proximally, developing a
small platform.

The articular faces of the postzygapophyses ane
inclined lateroventrally. They are placed at the level
of the posterior border of the centra. As in anterior
caudals, the articular faces of the postzygapophyses
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are separated from the neural spine by a bony
process which can be seen clearly in dorsal view
(Pl 2, C). This character, absent in other titanosaurs,
is considered here an autapomorphy of
Rinconsawrus (Pl 2, C). The postzygapophyses
and the prezygapophyses are well separated from
the axial plane due to the development of the
postzygapophyseal processes.

Posterior caudal vertebrae (P1. 3, A, B) . Thereis
an articulated section of five postenor vertebrae that
are par of the holotype (MRS-Pv 26). There are also
two series of three articulated caudals cach one
(MRS-Pv 29, 30) and several isolated postenor
caudals (MRS-Pv 32, 33, 34, 35, 36, 37, 38, 39, 40).
All these posterior caudals are similar to the middle
caudals in having the typical procoelous centrum,
The bony process of the postzygapophysis 1s not
present.

In contrast to the caudals described above, the
authors have recovered two articulated series wilh
an unusual centrum, One of the senas (MRS5-Fv 23)
is composed of a procoelous vertebra, an amphi-
coelous vertebra and a biconvex vertebra (P1. 3, A).
The centrum, dorsoventrally comprassed, is wider
than high. The lateralfaces are convex laterodorsally.
The ventral border is slightly convex., The posterior
border of the neural arch is placed in the postenor
half of the centrum. The postzygapophyses are
placed at the level of the posterior border of the
centra. The distal ends of the neural spine reach the
postanor border of the centra. The antanior border of
the neural spine is at a lower level than the posterior
one, The processes forthe chevrons are not present.
The prezygapophyses fuse in their proximal end,
developing a small platform asin anterior and middla
caudal vertebrae. Measurements of the caudal MRS-
Pwv 29/2: length, width and height of the centrum:
104, 82 and 38 mm, respectively.

The other series (MRS-Pv 30) is composed of
Ihree articulated caudals: an opisthocoelous
vartebra, a biconvex vertebra and a procoelous
vertebra (Pl 3, B). They present characteristics
similar to the anterior series, although their neural
spines are more reduced due to their more posterior
position in the sequence.

Although isolated amphicoelous middle caudals
have been found in olher titancsaunds (Huene,
1828, Huene and Malley, 1933), Rinconsaurus
caudamirus has a short articulated posterior series
with amphicoglous, opisthocoalous and biconvex
centra (P1. 3, A, B). This unusual morphology can be

33

interpreted as an aulapomaorphy of this new laxon.
As indicated Gonzalez Riga and Calvo (1888), the
finding of non-procoelous isolated caudal vertebras
inthe Late Cretaceous must be interpreted carefully
because they can belong to a ftitanosaurid,
Measurements of the caudal MRS-Pv 30/1:
length, width and height of the centrum: 114, 57 and
33 mm, respectivaly,
Haemal arches, There are several haemal arches;
some are deformed and others are incomplete
(MRS-Pv 20, 42, 93; 99, 109, 113). In general, they
are relatively long and thin, open proximally, and
lack strong articular faces.
Scapula and coracoid. The authors have collected
acompleteright scapula (MRS-Pv43). Itis a relatively
long and laminar bone with its external face conves.
The scapular blade is thin and slender, The contact
betwaen the scapular blade and the proximal end is
narrow and there is a crest that separates both of
therm. The ventral border is straight up to its union
with the proximal end, forming an angle of ap-
proximately 140 degrees. The supraglenmd pro-
cessis prominent. The supracoracoid depressionis
wide because the diagonal acromion coincides with
the border of the acromial process. The proximal
end of the scapula contacts the coracoid. The distal
end, although incomplete, has aconvex border. The
coracoid has a square shape. Its posteromedial
barderforms a 80 degree angle with the anteromedial
border of the scapula. The coracoid foramen, in the
external face, is surrounded by a depression directed
toward the anteromedial border. Measuremenlts.
length: 820 mm; proximal width: 440 mm; distal
width: 215 mm; minimum width of the blade: 130
mim.
Sternal plate (Pl. 3, D). Three starnal plates hava
been preserved (MAS-Pv 46, 103 and 104). The
right sternal plate MAS-Pv 46 is relatively complete.
It is laminar and it has a semilunar shape. The
concave external border is very thin, while the
internal one is convex. Measurements: length; 560
mm: width: 260 mm. The other sternal plates are not
well preserved.,
Humerus (Pl. 3, C). The incomplete left humerus is
relatively slender (MRS-Pv 47). Its anterior face
presents a prominent deltopectoral crest anteriorly
projected. In ils distal end, the radial condyle is well
developed. Measurements: estimated length: 730
mm; preserved length: 740 mm; proximal width: 260
mm; distal width: 210 mm; pernmeter and diameter
of the diaphysis: 300 and 120 mm, respectively.
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Metacarpals. The authors have recovered five
isalated metacarpals with their ends eroded. Their
lengths range belween 260 and 240 mm.
Metacarpal 1? (MR3-Pv 98/5) exhibits a robust
proximal end of subtriangular shape. One of its
lateral sides is slightly rounded. Itz distal end is
relatively reduced and it has been crushed,
Metacarpal I1? (MAS-Pv 98/4) presenls a sub-
triangular shape al the distal end. Both extremities
are well developed.

Metacarpal WI? (MRS-Pv 981) presents an in-
complete proximal end of sublriangular shape. It is
characlerized by slendar shape. The diaphysis has
two flat faces, with the sharp angle directed toward
the posterior side,

Metacarpal IV? (MRS-Pv 38/2) exhibits a very robust
distal end of subtriangular shape. The proximal end
is incomplete.

Metacarpal V? (MRAS-Pv 98/3), strongly crushed, is
charactarizad by having the distal end more
developed than the proximal one.

llium (text Fig. 3B).The aulhors have recovered
fourincomplete iha corrasponding to two individuals.
One pair (MRS-Pv 26) is associated with a series of
caudal vertebrae. The other pairis incomplete (MAS-
Py 98).

Specimen MRS-Pv 96 possesses a left ilium that
preserves the acetabulum and great part of the
preacetabular lamina. This lamina is wide, and it 1s
directed upward and outward. The incomplete nght

ilium also preserves the acetabulum, and the lower
part of the preacetabular and postacetabular
laminae.

Specimen MAS-Py 26 possesses a right ilium

that preserves the preacetabular lamina, most of
the postacetabular one, and also the complete
acetabula and their peduncles. The preacetabular
iamina exhibits a straight ventral border and a
curved anterodorsal border. The laft illum lacks part
afthe iliac lamina, butitis complete in the lower parn
of the postacetabular and preacetabular laminae,
the acetabulum and their peduncles. The length of
the left ischium is 480 mm and the diameter of the
acetabulurm is 110 mm. The postacetabular lamina
presents a rounded posterior border. The pubic
peduncle 1= wide transversally.
Pubis (Pl 3, E). The authars have collected three
pubes. One specimen has both pubes preserved
(MRS-Py 97), and the other specimen has just the
right pubis (MRS-Pv 100).

The right pubis of MAS-Pv 97 is a relatively thin
and larminar bone. The oval pubic foramenis closed.
The pubic blade is wide and flatenad, with its thick
lateral border concave. The medial border is thin,
and not well preserved. The distal end becomes
wider anteroposteriorly. The acetabulumis reduced.
Measurements: length: 770 mm: pubic foramen: 70
x 35 mm; distal with: 255 mm.

The incomplete pubis MAS-Pv 100 lacks its

Lot
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Text-FIG. 3. Rinconsaurus caudamirus gen. el sp.nov, &, fght ischium in lateral view, MES-Fv 101, B, left ilium in lateral view, MRS-
Py 96, C, right femur in posterior view, MRS-Pv 49. Scale bars equal 10 am.
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distal end, part of the proximal one in the area of the
pubic foramen and part of the pubic lamina; it
corresponds to a smaller specimen than the one
describe above.
Ischium (text Fig. 3A). Two ischia have been
collected (MRS-Pv 94 and 101) corresponding to
two individuals. Specimen MRS-Pv 101 1 an almost
complete right ischium of small size. It lacks anly a
small central portion of the contact region with the
pubis. This contact occupies 50 percent of the total
length of the ischium. The acetabulum is complete
and the: thin iliac pedicel is well developed; it is as
large as that of Aeolosaurus (Salgado and Coria,
1993; Salgado ef al., 1997b) and ditterant from that
of Alamesawrus (Gilmore, 1946) and Saltasaurus
(Powell, 1992). The distal lamina of the ischium is
relatively wide with regard to the width of the 1schiac
articulation. Measurements: length: 360 mm. width
130 mm.

Specimen MRS-Pv 94, from larger armimal, is not
wall presarved,
Femur (text Fig. 3C). Two femora have been

collected; the right one is complate and the left one
is incomplete (MRS-Pv 49 and 92). The most com-
plete is relatively slender. The anteroposterior
diameter of the traverse section at the level of the
diaphysis is shorter than the posteromedial one.
The fourth trechanter is well developed and it is 490
mm below the femoral head. The femoral head s
placed at a right angle with respect to the axis. On
the lateral margin, the lateral bulge is present as in
Brachiosaurus, Chubutsaurus and Tilanosauna
{Janensch, 1950; Salgado, 1983; Salgado ef al.
1997a). Measurements: length: 290 mm; greatest
diameter and penmeter of the diaphysis: 140 and
340 mm, respactivaly.

Metatarsal. Just one metatarsal has been recoverad.
It is probably metatarsal 117 {MAS-Pv 111). It is
relatively slender and twisted. The proximal end.
more developed than the distal one, has a sub-
triangular shape. The distal end presents a convex
articular surface. Measurements: length: 180 mm.
diameter af the diaphysis: 30 mm.

PHYLOGENETIC RELATIONSHIPS AND CONCLUSIONS

Most of sauropod litanosaurs are represented
by incomplete and fragmentary skeletal elements.
In this context, the discovery of Rinconsaurus
caudarmirus gen. et sp. nov., integrated by cranial,
vertebral and appedicular remains, 1s relevant from
a systematic viewpoint,

This section has the objective to fit the new
species, RAinconsawus caudarmirus, o cladistic
analyses already proposed by other authors, The
authars have improved characters proposed by
Salgado et all (19%7a) and Wilson and Serenc
{1998}, and have added new characters according
to the evidence presented by this new taxon, This
papardoes not comprise a phylogenetic reevaluation
of the Titanosauridae family, because more taxa
and charactersshould be included. The phylogenatic
relationships of Rinconsaurus caudamiruswith other
ilanosaurs were analyzed through a parsimony
cladistic analysis based on 46 characters cor-
responding to 12 taxa (see Appendix).

Camarasaurus grandis (Cope, 1877) was
considerad as outgroup, and Brachiosaurus brancai
(Janensch, 1950), Andesaurus delgadoi{Calvo and

Bonaparle, 1991), Malawisaurus dixeyi (Jacobs ef
al., 1993), Aeolosaurus rionegrinus {Powell, 1986,
Salgado and Coria, 1893 Salgado af al, 1887h),
Lirainosaurus astibiac (Sanz et al, 1999), Alamo-
saurus samuanensis (Gilmore, 1946), Neuguensau-
rus australis (Huene, 1929; Powell, 1986), Titano-
saurus colberti (Jain and Bandyopadhyay, 1997),
Opisthocoelicaudia skarzynskin(Borsuk-Bialynicka,
1977), Salfasaurus loncatus{Bonaparte and Poweli,
1580; Powell, 1992) and Rinconsaurus cavdamirus
gen. el sp. nov. (this paper) formed the ingroup.
The data matrix was analyzed with PALP, varsion
3.0 {Swofford, 1989) and Nona, version 2.0
{Goloboff, 1993). The application of the heuristic
method produced one most parsimonious tree (lext
Fig. 4y with alength of 68 steps and high consistency
and retention indices (C.1. = 0.7%; R.l. = 0.78). The
multi-state characters weare considered unordarad
Even though the cladogram obtained is similar,
in general lines, to that of Salgado et al. (1997a), it
presents differences due to the inclusion of new
taxa and characters. They allow the authors to
improve the knowledge of the relationships amaong
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different titanosaurid species (see text Fig. 4).
Mode 2. The authors' analysis supports monophyly
of Tianosauriformes, defined by Salgado ef al
(1887a) as 'the most recent common ancestar of
Brachiosaurus brancai, Chubutisaurus insignis and
Titanosauna and all of its descendants’. The clade
is supported by nine synapomarphies defined by
delayed optimization: teeth with sharply inclined
wear lacets (2.1), single (noen-bifurcated) neural
smne in carvical vertebrae (6.1), elongate carvical
centra (7.1), single (non-biturcated) neural sping in
antenor dorsal verlebrae (10.1), prespinal lamina
presant in the distal end of neural spines in dorsal
vertebrae (12,1}, neural arches placed anteriorly in
middle and posterior caudal centra (26.1), pubic
peduncle of the ilium perpendicular to the sacral
axis (40.1), preacetabular lobe of ium expandad
and dorsally directed (41.1) and lateral bulge of
femur below the greater trochanter (46.1).

Mode 3. Titanosauria, proposed ornginally by
Bonaparte and Coria {1993), was defined as the
most recent common ancestor of Andesaurus
delgadoi and Titanosauridae, and all of its descend-
ants (Salgado et al,, 1997a). Inthe authors' analysis
it is united by five unambiguous synapoemorphies:
centroparapophyseal lamina in posterior dorsal
vertebrae (13.1), slightly forked centrodiapophysaal
laminae in posterior dorsal vertebrae (14.1),
acuminate (eye shaped) pleurocoels in dorsal
vartebrae (16.1), bone internal structure of sompho-

e
Eau'i"“
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spondylous-camellate type (18.1), and pubis longer
than ischium (39.1).

Node 4. Titanosaundae was defined by Salgado et
al. (1997a) as the clade including the most recent
common ancestor of Malawisaurus, Epachthosau-
rus, Argenhinosaurus, Opisthocoelicaudia, Aeolo-
gawrus, Alamosaurus, Saltasaurinas and all of its
descendants. In this analysis, itis supported by five
synapomorphies defined by delayed optimization:
prasance of pencil-chisel ke teeth (1.2), absence
of cervical pleurocoels divided by septa (5.1),
absence of hyposphene-hypantrum articulation in
postenor dorsal verliebrae (15.1), antenor caudal
cantra strongly procoglous with prominent postenor
condyles (24.2), and semilunar sternal plates (34.1).

Two characters originally proposed as synapo-
marphies of Titanosaundae (Salgado et al,, 1997a)
have ambiguous distributions inthe authors” analysis
and might be excluded from the diagnosis of this
clade. They are: middle and postenor caudal centra
strongly procoelous with prominent condyles (251},
absent in Malawisaurus, and six sacral vertebrae
{19.1), which is unknown in most of the analyzed
taxa.

Traditionally, Titanosauridae were diagnosed
by possessing strongly procoelous caudal vertebrae
throughout the tail (Huene, 1929; Mcintosh, 1990),
although the occasional intercalation of amphi-
platyan centrum was described (Powell, 1986).

However, the discovery of Rincensaurus and

Cemerasaurus grands
Brachinsauns hranca

Andesaurus delgadorl
Malawizaunue dixey

Titanasaws colbert
Lirvrosaunss astibiae

Apclosaurus ronegrinus

Rinconsaurus cawdamins
Opisthocoalbeaudia skarryneki

Alamasaunis SanjUERNLE

Neuguensaurus austas

Sallasaurus koncalus

Tex-FIG. 4. Cladogram determined Dy cladishic analysis (68 steps, G 0,79, Rl 0. 78) showing the phylogenatic relationships of
Rinconsaurus caudamirus gan. et sp. nov. Synapomarphies supporting each node are listed and discussed in the text,
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other titanosaund specimens (Powell, 1986), show
that the caudal procoglia was nol a permanent and
uniform character. In these sauropods, the mid and
poslerior section of the tail exhibit complex
morphelogical vanation that must be analyzed
carefully. Forexample, Rinconsaurusshows atypical
strongly procoglous caudal sequence discontinued
by amphicoglous. opisthocoelous, and biconvex
centra. On the other hand, a new titancsaund from
Mendoza Province has slightly procoelous middie
caudal centra with reduced postenor condyles,
associated with typical strongly procoelous anteriar
caudal vertebrae (Gonzalez Riga and Calva, 1999;
Gonzalez Riga, 2002).

A particular case is observed in Malawisaurus,
from the Lower Cretaceous of Africa. It has strongly
prococlous anterior caudal centra apparently
associated with gently amphicoelous or platycoelous
middle and posterior caudals (Jacobs et al, 1983,
Gomani, 1999). Malawisaurus shares with Ande-
saurus and olher basal member of Titanosauria the
complete absence of procoela in mid and posleriar
caudal centra and other plesiomorphic characters
{Calva, 1999). As Bonaparle el al, (2000) stated, the
morphology of carvical vertebrae in Malawisaurus
s very different from those of typical Titanosauridae.
Detailed studies of Malawisaurus will be important
to evaluale the relationships belween basal and
derived titanosaurids,

Node5. Itis united by three unambiguous characters:
presence of prespinal lamina in posterior dorsal
vertebrae up to the base of the neural spine {12.2),
middie caudal centra strongly procoelous with
prominent condyles (25.1), and slender and well-
developed illiac pedicel of ischium (43.1). The first
two characters were cited by Salgadeo afal (1387a).
The third is proposed in this paper. This character
has allowed recognition of morphological variation
in the ischium of Titanosauridae.

Node 6. It |s supported by two unambiguous
characlers: humerus with slightly curved proximal
border (33.1) and coracoid of quadrangular shape
(36.1).

Node 7. Itis supported by three characters defined
by delayed optimization: teeth with eylindrical cross-
section (3.1), reduced neural spines on posterior

dorsal vertebrae (17.1), and absence of phalangeal
articular facets on the metacarpals (38.1). Mode 7
includes node 11 (Rinconsawrus + Agolosaurus)
and the node 8 ( Opisthocoelicaudia + (Alamosaurus
+ (Neuguensaurus + Saltasaurus))).

Node B. It i1s suppored by three characters defined
by delayed optimization: posteriorly inclined neural
spines (20 o 50 degree from vertical) on anterior
and middle dorsal vertebrae (11.1), 35 or fower
caudal vertebrae (21.1), and metacarpal | longer
than metacarpal IV (37.1).

Node 9. It includes Alamosaurus + Sallasaurinac,
This clade is suppored by three unambiguous
characters; the presence of depressed middle and
posterior caudal centra (23.1), prominent lateral
crestinthe base of the neural arch in middle caudals
(271} and wide and wall developed ihac pedicel of
ischium (43.2),

Node 10. Sallasaurinae is defined as the clade
including the most recent common anceslor of
Nevuguensaurus australisand Saltasaurus lorcatus,
and all of its descendants (Salgado at al. (1997a). It
is diagnosed by two unambiguous synapomorphies.
depressed anterior caudal centra (22.1) and lhe
posterior orientation of the anterodorsal border of
the neural spine in middle caudals (28.1).

Mode 11, It links Amconsaurus cavdanurus with
Aeolosaurus rionegrinus (Salgado and Cona, 18993,
Salgado et al, 1997b). It is supported by one
character: the presence of relatively long prezy-
gapophyses (29.1). This character is not exclusive
of these laxa, since itis also presentin Titanasaurus
sp. (DGM 'Series C' from Brazil, sce Powell, 1987)
and Malawisaurus (Jacobs el al., 1993).

The discovery of Rinconsaurus shows that the
caudal morphology of titanosaurs is a complex
subject to analyze. The inclusion of Rinconsaurus
among Titanosauridae is wall recorded according o
the meorphological evidence. However, unigue
among sauropods, Rinconsauwrus has procoelous
posterior caudal centra with intercalation of a senes
of amphicoclous-biconvex oramphicoelous-opistho-
coelous-hiconvex centra. This unusual morphalagy
is important because Titanosauridae were usually
defined, among other characters, by having pro-
coelous caudal vertebrae.



144 RINCONSALURUS CAUDAMIALE GEN. ET 2P, HOV. A NEW TITANDEAURID (DiNOSAURIA SAURDPODA) FROM..,

ACKNOWLEDGEMENTS

The authars thank Mr. G. Benilez who found the
first evidence on the field. The Town Hall of Rincon
de los Sauces (Meuquén) is also acknowledged for
its support during 1997, and help in fieldtrips. The
authors are also grateful to D. Gillette {Museum of
Morthem Arizona, U.S.A.), and other reviewers far
their comments and critical review. This research

was funded by The Rincon de los Sauces Town Hall
and the following projects directed by J. O. Calva:
Mational Geographic Society, 1997; Agencia Nacio-
nal de Ciencia y Tecnologia (ANCYT), 1998-2000
Universidad Nacional del Comahue, 1997-2001 and
Chevron-San Jorge Qil Company, 1998,

REFERENCES

Bonaparte,.J. F. 1986, History of the terrastrial Crataceous
verlebrates of Gondwana, In Congresa Argenting da
Paleontologia y Biveslraligralia, No. 4. Aclas, Vol. 2,
p. 63-85. Buenos Aires.

Bonaparte, J.F_ 1999, Evolucidn dalas vértebras presacras
en Sauropodomorpha. Ameghiniana, Vol 36, p. 115-
187.

Bonaparte, J.F.; Powell, J.E.1880. A continental
assemblage of tetrapods from the Upper Crataceous
baeds of El Brete, northwestern Argentina | Sauropoda,
Coelurozauria, Camosauria, Aves). Meémoires de fa
Société Gedlogique de France, Vol. 138, p. 18-2B.

Bonaparte, J.F.; Kielan-Jawoeowska, 2. 1987, Lata
Cratacaous dinosaur and mammal faunas of Laurasia
and Gondwana. In Symposiumon Mesozoic Terrestnal
Ecosystems, No. 4, Shart Papers, p. 24-28.

Bonaparle, J. F.; Cona, B.A 1993 Un Nueve y gigantesco
saurdpodo Titanosaurio de la Formacion Rio Limay
{Albiano-Cenaomaniano) de la provincia del Meuguen,
Argentina. Ameghiniana, Vol. 30, p. 271-282.

Bonaparte, J.F.; Heinrich, W.D_; Wild, R, 2000. Raview of
Janenschia Wild, with the description of a now
sauropod from the Tendaguru bads of Tanzama and
a discussion on the systematic value of procoalous
caudal vertebrage in the Sauropoda. Palason-
tographica, Vol. 236, p. 25-76.

Borsuk-Bialynicka, M_ 1877, Anew camarasaurid sauropod
Opisthocoehcaudia skarzynskii, gen. n. sp. n. fram the
Upper Cretaceous of Mongolia, Palacontologia
Palanica, Val. 37, p. 5-64.

Calvo, J. 0. 1994, Jaw machanics in sauropod dinosaurs.
In Aspects of Sauropod Paleobiology (Lockley, M. G
Santos, V.F.; Mayer, C.A.; edilors). GAIA, Vol, 10, p.
205-208.

Calvo, J.0. 1999, Dinosaurs and other vertebrates of the
Lake Erequial Ramos Mexia area, Nequen-Fatagoma,
Argenting. Jn Proceedings of the Second Gandwanan
Dinosawr Symposium (Tomida, ¥ .. Rich, T.H.; Vickers
Rich, P.; editors). National Science Museum
Maonographs, Vel 15, p. 13-45, Tokyo.

Calvo, J.O.; Bonaparte, J.F. 1991, Andesaurus delgadal
n.g. n. sp. (Saurischia, Saurdpodo) Dinosauric Tita-

nosauridae de la Formacidn Rio Limay (Albianc-
Cenomanianc), Neuguén, Argontina. Ameghiniana,
Vol. 28, p. 303-310.

Calva, J. O.; Salgada, L. 1885. Rebbachisaurus lessoneg
sp. nov., a now Sauropada fram the Albain-Ceno-
manian of Argentina; New evidence on the origin of
the Diplodocidaas. GAIA, Vol. 11, p. 13-33,

Calvo, J.O_; Cona, R.A; Salgada, L. 1887, Uno de los mas
completos ilanosauridos (Dinosauria-Saurapodal) re-
gistrades en el munde. Ameghiuana, Vol. 34, p. 534

Calve, J.0.; Gonzdlaz Riga, B.J. 1999, Hallazgos de
Theropoda v Titanosauridae, y su palacambiente en
una nueva localidad de Rincon de los Sauces,
Meuquén, Argantina. Ameghinrana, Vol 36, p. 97

Comision internacional de Nomenclatura Zoologica. 2000,
Codigo Internacional de Momenclatura Zoologica,
The International Commision an Zoological
Momenclature Editorial, versidn en espanaol de la 4°
edicidn, Comisidn Intarnacional de Nomenclatura
Zoologica, 156 p. Madrid.

Cope, E.D. 1877. On a gigantic saurian from the Dakota
epoch of Colorado. Paleonlological Bulletin, Val. 25
p. 5-10. Philadelphia.

Coria, B.A.; Salgado, L. 19928, Nusvos aportas a la anato-
mia crangana de los saurdopodos titanosauridos.
Ameaghiniana, Vol 36, p. 98,

Curry Rogers, K. Foster, C.A. 2001, The last of the
dinosaur litans: a new sauropod from Madagascar,
MNatura, Vol. 412, p. 530-534,

Gilmore, CW. 1946. Reptilian fauna of the North Hom
Formation. United States Geoloagical Survey, Vol
210, p. 1-15.

Giménaz, O, 1992, Estudio preliminar del miembro ante-
rior de los saurdpodas titanosauridos. Ameghinrand,
Vol. 30, p. 154,

Goloboff, P. 1993, Nona, computer program and Soft-
warg. Published by the author Tucuman, Argantina.

Gomani, E.M. 18589, Sauropod caudal vertebrae from
Malawi, Africa. /n Proceedings of the Seocond
Gondwanan Dinosaur Symposium {Tomida, Y.; Rich,
T.H.: Vickars Rich, P.; edilors). Nafional Science
Musewn Monographs, Vol 15, p. 235-248. Toekyo.



J.0. Caivo and B.J, Gongzdlez Riga

Gonzalar Riga, B.J. 2002, Estratigrafia y Dinosaurios del
Cretacico Tardio en el extramo sur de la provincia de
Mendoza, Argentina: Ph.D. Thesis [Unpublished),
National Uriversity of Cordoba , 280 p. Argentina,

Gonzaler Riga, B.J.; Calva, J.O. 1853, Unusual caudal
sarias of Titanosauridas of the Late Cratacacus in the
Rio Colorado Formation. border between the Meugquén
and Mendoza provinces, Argenting. in Internalional
Symposiuman Mesoroic Tarrastrial Ecosystams, No.
7, Actas, p. 29-30. Buenos Aires

Gonzalez Riga, B, J.; Calvo, J.O. 2001, A new genus and
species of Titanosaund Saurcpod rom lhe Upper
Cretaceous of Rincon de los Savces, Meuquen, Ar-
gentina, Jowmal of Vertebrate Paleantclogy, Absiracts,
Vol. 21, Mo, 3. p. 55A.

Huene, F. von. 1929, Los Saunsquios y Omilisquios del
Cretacico Argantino. Anales dal Museo de La Plata,
Vol 3 (Serie 2), p. 1-196.

Huene, F. von, 19232, Die fossile Reptile-Ordnung
Saurischia, inre Entwicklung und Geschichie. Mano-
qraphian rur Geolgia und Palasontologie, Vol. 4. p. 1-
357,

Huene F. von,: Malley, C.A. 1933 The Cretaceous
Saurischia and omithischia of the central province of
India. Memaoirs of the Geological Survay of Inaia, Vol.
21, p. 1-74.

Jacops, L. L. Winkler, DA, Downs, W. R, Gomani. E.M.
1993, Maw matarial of an early Cretaceous itanosaund
sauropod dinosaur from Malawi. Pateontalogy, Vol
A6, p. 523-534.

Jain, 5.L.; Bandyopadhyay, 5. 1997, New litanosaurid
(Dinosauria: Sauropoda) from the Late Cretaceous ol
Central India, Jaurnal of Vartabrare Palaontology,
Wol. 17, Nos. 1, p. 114-136.

Janansch, W. 1950, Die Wirbelsaule von Brachiosaurus
trancal. Palasonfographica, Vol. 7, p. 27-33.

Leanza, H.A Hugo, CA. 2001 Cretaceous red bads from
sguthem Neuguen Basin [Argentina): age, distribution
and stratigraphic discontinuities. Asocracion Paleonio-
logica Argantina, Publicacion Espacial, Vol. 7. p.117-
122

Lyddeker, A, 1893, Contributions to the study of the fossil
variabrates of Argantina. 1. The dinosaurs of Patagania.
Anales dal Musao de La Plata, Paleontologia. Vol, 2,
p.o1-14,

Marsh, 3.2, 1878, Principal characters of Amencan Juras-
sic dinosaurs. Amerncan Journal of Smence, Senes 3,
Yol 16, p. 411-416.

Mcintosh, J.5. 1990, Sauropoda. in The Dinosauria
{Weishampel, D.; Dobson, P, Osmolska, H.; editors)
Univarsity of California Press, p. 345-401, Berkelay,

Powell, J.E. 1986, Revision de log Titanosauridos de
Amdéncadel Sur. Ph.D. Thesis {Unpublished), Mational
Universily of Tucuman, 340 p. Argenling,

Powell, ) E, 1887, Morfalogia del esqueleto axial da los
dinosaunos titanosaundos (Saurischia, Sauropoda)

Kanuseript recaived: January 22, 2000 acorpled: Movemer 28, 2003

del estado de Minas Gerais, Brasil. Congresso
Brasileiro de Paleontologia, No. 10, Anas, p. 151
171. Rio de Janeiro.

Powell, J.E. 1992, Osteclogia de Saltasaurus loricarus
(Sauropoda-Tianosaunidae) del Cretacico Superior
del noroeste argenting, inLos Dinosaurnos y su entor-
no bidtico {Sanz, J.L.; Buscalioni, A.D.; edilors). ins-
tituto Juan de Valdes, p. 165-230. Cusnca,

Salgado, L. 1993, Comments on Chubulisaurus nsigis
Dal Corro {Saurischia, Saurcpoda). Ameghiniana,
Vol 30, p. 265-270.

Salgado, L. Calvo, J.C. 1993, Report of a saurapod with
amphiplatyan mid-caudal vertebrae from the Late
Cretaceous of Neuquén Province (Argentina), Arrre-
ghimana, Vol, 30, p. 215-218.

Salgado, L.. Conia, R.A. 1993, Bl género Asolosaurus
(Sauropoda-Tilanosaundaeg) en la Formacion Allen
(Campanianc- Maastrichbiano) de la Provineia de Hio
Megra, Argentina. Ameghiniana, Vol 30, p. 119-128.

Salgado, L.; Calvo, J.O. 1887, Evoluton of titanosaund
sauropods, |1: The cranial evidence Ameaghinians
Vol 34, p. 33-47.

Salgado, L; Coria, R.A; Calvo, J.0. 1997a. Evolubion of
Titanosaurid Sauvropods, @ Phyloganetic analysis
based on the postcrancal evidence. Amaghimana
Vol 34, p. 3-32.

Salgado, L; Corla, R.A; Calvo, 4.0, 1937h. Presencia ogl
gonero Acolosaurus (Sauropoda, Titanosaundaa )| an
la Formacion Los Alamitos, Cretacico Supanor de la
Provincia de Rio Megro, Argentina. Geocigncias, Vol
2, No. 6, p. 44-49

Sanz, J.L.. Powell, J.E.; Le Loeuff, J.; Martinez, R.
Pereda Suberbicla, X. 1999, Sauropod remains fram
the Upper Cretaceous of Lano (Morthcantral Spain)
Titanasaur phylogenatic relationships. Esfudios del
Museo de Cigncias Naturales de Alava Vol 14,
Special Issue 1, p, 235-255.

Seelay, H.G. 1887. On the classiication of the fossil
animals commaonly called Dinosauria. Aoyal Sociely
of London, Vol. 43, p. 165-171.

Sowfford, D L. 1989, PAUP: Phylogenetic Analysis Lising
Parzimeny, version 3.0, Computer software and
documantation distributad by llincis Nalural History
Survey. llingis

Upchurch, P. 1998, The phylogenetic relationships of
saurapod dinosaurs. Zoological Journal of the Linngan
Society, Val. 124, p. 43-103.

Waedal, M. Citelli, R.L.; Kent Sanders, R. 2000, Osteol-
ogy. palecbiclogy and relationships of the sauropod
dinosaur Sauroposeidon. Acla Palagonlologica
Palanica, Vol. 45, p. 343-384.

Wilson, J.A.; Sereno, P, 1998, Early evolution and higher
-Leval Phylogeny of sauropod dinosaurs. Socely of
Verlebrate Paleontalogy, Memair 5, Joumnal of
Vartebrale Paleontology, Vol. 18, No. 2, p. 1-B8.



4B RINCONSAURUS CAUDAMIRUS GEM, ET 5P, NOV. A NEW TITANOSAURID [DiNoSAURIA SAURGPODA) FROM, .

PLATE 1

Rinconsaurus caudamirus gen. et gp. nov.

Figuras
A Right prefrontal, MAS-Pv 102,
B. Angular and surangular, MES-Pyv 112,

c-D Toath in transverss section (C) and lateral view (D), MARS-Py 117

E Middle carvical vertabra in lataral view, MRS-Pv 02,

F Posterior cenvical vertebra In lateral view, MRS-Py 03,

G-H Anteromedial dersal neural arch in lateral (G) and anterior (H) views, MRS-Pv 05/3,

References: Dp; diapophysis. Me: neural spine, Poz: postzygapophysis. Scale bar equals 1 cmin figure D and 5cmin the other figures,
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PLATE 2

Rinconsaurus caudamirus gen. et £p. nov.
Figures

A Articulated senes of antenor-middle caudal vertebrae in lateral view, MRS-Py 26,

B Articulated senes of middle cavdal verlebrae in lateral viow, MRS-Fy 27,

4 Two middie armculated cavdal vertebrae in dorsal view, MRS-FPv 27,

References: Cc: caudal centrum, Ne: neural sping, Poz: postzygapoehysis, PozP: process of the postzygapophysis. Scale bars cqual 5
om,
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PLATE 3
Rinconsaurus caudamirus gen. et 8p. nov.
Figures

A Articulated posterior caudal verlebrae with procoglous, amphicosious and biconvex cantra, MRS-Pv 24.

B Articulated posterior caudal vertebrae with opisthocosious, biconvex and procoalous centra, MRS-Pv 30.

G Incomplete el humenss in antenor view, MRS-Py 47,

0 Stermal plata, MRS-Pv 46,

E  Laft pubis in dorsal view, MRS-Pv 97. Scale bars equal 5 cm.



JOU Calve and B.J. Gonzdler Riga 351

PLATE 3

Precoelous Amphicoelous Bilconvey

Qpisthocoelous Biconwvex Procoelous
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APPENDIX

MATRIX OF THE PHYLOGENETIC ANALYSIS

In the Character-Taxon Matrix (Table 1) the distribution of 46 charactars corresponding to 12 taxa ol sauropods s
shown. In this work, characters 32 and 43 are proposed, and characters 1, 7, 11, 18, 24, 25 and 44 are redafined. Tha
ather characters have been propased by the authors indicated on the lisl. The data matnx was analyzed with the computer
programs Paup (Swofford, 1988) and Nona (Golobaff, 1853). The application of heuristic method produced one most
parsimenious lree with a length of 68 steps, G = 0.79 and R.|. = 0.78. The multi-zstate characters were considered
unordarad.

TABLE 1. CHARACTER-TAXON MATRIX.

Taxon Characiaer |
1-10 11-20 21-30 41-40 41-45 I
1
| Camarasaurus grandis 0O00000000 000000000 0000000101 DO (R0
| Brachiosaurus brancal 1100011001 0100000000 TOOO10101 CHOOOO00001 100011
i Andesaurus delgadaol KAl | (SRR IVEIVR Il 01010101 MWITTTTNT FIO001
Malawisaurus dixepi 2100111771 1111117177 7002010111 T 0077
Titanosaurus colben 70112071 021110117 2110101 1007707711 LRERES!
Lirainosaurus asitvao 21PN 111101 002110707 011017777 LERERE
| Apalasaurus Aomegrins TERTTTINM T27TMITTa 02110111 TR0 70T
| Rinconsaurus caudamirus 211011101 2211111177 002110111 LR ARA R N 111101
Opusifrocoelicavdia skarzpnski FEETFTI0 1217111112 1000010101 (RRRUVARRERI EER RV
‘ AlaMOSAUTUS SANJUANENSIE ZHMIITM 1700111113 12111101 1011111111 112171
| Neuvguensaurus ausiralis TEP0 1211111113 12111001 1011017771 112171

| Bailasauns orcatus 2111010171 12111111114 2111001 1121017111 121

List of characters

1. Teoth shape: spoon-like (0); compressed cone-chisel-like (1); pencil-chisel-like (2) (madified from Calvo. 1994).

2. Teeth with wear facets sharply inclinad with respect to the labio-lingual axis: absent (0); present (1) (Salgada and Calve,
1997),

3. Tooth, cross-sectional shape al mid-crown: D-shaped (0); cylindrical (1) (Wilson and Sereno, 1298).

4. Cervical prazygapophyses, relative length: long, with articular facels that surpass the centra (0); shart, with articular
facets that do not surpass the centra (1) (Salgado af al, 1587a).

5. Cervical pleurccogls divided by sepla: present (0); absent (1) (Upchurch, 1998; Bonaparte, 1399).

6. Cervical neural spines, shape: single (0); bifid (1) (Upchurch, 1998).

7. Middle cervical centra, anteroposterior length / height of the posterior face: betwaen 2.5-3 (0); more than 3 (1); less than
2.5 (madifiad from Wilson and Sereno, 1998).

8. Centroprezygapophyseal lamina in middle and postarior cervical vertebrae: single (1); divided (2) (Upchurch, 1998).

9. Dorsal verlebrae, number: 12 (0); 11 (1), 10 or fewer (2) (Mcintash, 1880),

10. Meural spine in antaricr dorsal vartebraa: bifid (0); single (1) (Mcintosh, 1990; Wilson and Sereno, 1998).

11. Antenor and mid-dorsal neural spine, inclination: vertically, 0 to 20 degrea from vertical (0); posteriory inclined, 20
to 50 degree (1); pesteriory inclined, morg than 50 degree (2) (modified from Wilson and Serena, 1938).

12. Prespinal lamina in dorsal vertabrae: absent (0); present in the distal end of the neural spine (1), well developed up
1o the base of the neural spine (2) (Salgado ef al, 1987a).

13. Centroparapophyseal lamina in posterior dorsal verlebrae: absent (0); present (1) (Bonaparte and Coria, 1883,
Salgado et al, 1897a).

14, Venlrally widened or slightly forked centrodiapophyseal laminae in posterior dorsal vertebrae: absent (0); prasant (1)
(Salgado at al, 1857a).
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15
16.

17.

18.

19,

20,

21

22

23

24.

25,

26.

27.

28,

29

42,

43

a4,

45.
46,

Hypospheng-hypantum articulation in dorsal vertebrae: present (0); absant (1) (Salgada af al, 1997a).
Acuminate (aye-shapad) pleurocoels in dorsal vertebrae; absent (0); present (1) (Bonaparte and Powell, 1980, Calvo
and Bonaparte, 1981; Salgado ef al, 18987a).

Reduced posterior dorsal neural spines: fe., the height of the neural spine taken from dorsal border of the diapophysis
ig less than 20 percent of the total height of the vertebra: absent (0); present (1) (modified from Sanz ef al., 1999 by
Gonzalez Riga, 2002)

Bone inlernal structure of somphospondylous-camellate type on presacral vartebrae: absent (0); present (1) (madified
from Wilson and Sereno, 1998 using terminclogy of Wedel el al,, 2000).

Mumber of sacral vertebraa: five (0); six (1) (Salgado ar ai,, 1957a; Wilson and Sereno, 1998).

First caudal vertebrae, type: platycoelous (0); procaelous (1); apisthacoelous (2); bieanves (3) (Salgade aral.. 1997a).
Caudal vartebrae, number: more than 45 (0); 35 or fewer (1) (Mcintosh, 1990,

Anterior caudal centra, relative propartions: as high as wida (0); depressed, wider than high (1} (Powsll, 1386, 1992;
Salgado el al., 1997a),

Middla and posterior caudal centra, relative proportions: as high as wide (0); depressed, wider than high (1) (Powell,
1986, Salgado of al., 1997a).

Anterior caudal centra: non-procoelous (0); slightly procoelous without developed posterion condyles (1); strangly
procoalous with prominent postarior condylas (2) (Modified from Salgado ef al., 1997a),

Strongly procoelous middle and posterior caudal centra, with praminent postarior condylas: abzant (0); present (1)
imodified from Salgado ef al., 1297a).

Meural arches in middle and posterior caodal vertebrae placaed: in the middle (0) or antenorly on the centra (1) (Huene,
1929; Powell, 1986; Salgado of af., 1997a).

Prominant lateral crest in the base of the neural arch in middle caudal vertebrae: absent (0); present (1) (Salgado ar
al., 1997a).

Anterodorsal border of the neural spine in middle caudal vertebrae locatad posteriorly with respact to anterior border
of the postzygapophyses: absent (0) present (1) (Salgado ef al., 1997a).

Prezygapophyses in middle caudal vertebras, relative length: shorter (0) or longer (1) than the 40 percent of the length
of the centrum withoul the postenor articular condyle (Gonzaler Riga, 2002).

. Haemal canal in anterior caudal vertebrae: closed (0); opened (1) (Salgado et al., 1997a; Wilson and Sarena, 1998).
. Scapular glenoid orientation: relatively flat (0); strongly beveled medially (1) (Wilson and Sereng, 1998).

. Humerus, breadih of proximal end: less than 50 percent of total length (0); more than S0 percent of letal length {1).
. Humarus, type of proximal border: strongly curved (0); straight or slightly curved (1); sigmoidal (2) (maodified from

Lipchurch, 1998 by Gonzdler Riga, 2002).

. Sternal plate, shape: suboval (0 semilunar (1) (Salgado et al, 1997a).

. Semilunar starnal plate with straight postencr border: absent (0); present (1) (Gonzalez Riga, 2002),
. Coracoid, shape: suboval (0); quadrangular (1) (Salgado et al., 1887a).

. Matacarpal |, length: shorler (U) or longer (1) than metacarpal IV (Wilson and Sereno, 1998).

Distal phalangeal articular facels on metacarpals: present (0) absent (1) (Gimenez, 1992, Salgado ef al, 1997a)

. Pubis lenglh respect 1o ischium length: shorter or equal (0); longer (1) (Salgade et al., 1857a).

lium, relative arientafion of pubic peduncle: angled (0} or perpendicular (1) with respect 1o the sacral axis (Salgada
etal, 1997a).

. M, shape of preacetabular lobe: moderalely expanded (0); broadly expandad and directed upward (1} (Salgado et

al., 1997a).

lNiwm, grentation of preacetabular lobe: nearly vertical (0); nearly harizontal, laterally projected (1) (Salgado at al,
1957a).

lliac pedicel of ischium: short and poor developad (0); slender and wall devalopad (1); wide and well developed (2).
Posterior process of the ischium twice or more the length of pubis articulation: present (D) absent (1) (madified from
Salgado el al., 1957a ).

Humerus/femoral ratio of 0,90 or more: absent (0); present (1), (Melntosh, 1880).

Laieral bulge of femur below the grealer trachanter: absent (0); present (1) (Mcintosh, 1990, Salgado, 1993, Calvo
and Salgadao, 1995, Salgadao er al, 1897a; Wilson and Serena, 19598).



