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Abstractt A large and diverse collection of vertebrate remains from the Campanian-Maastrichtian Allen For-
mation (Malargiie Group) at the Bajo de Santa Rosa locality (Rio Negro Province, Argentina) is described here.
The vertebrates are represented by: chondrichthyans; diplomystid siluriform, lepisosteid, ¢f percichthyid and
dipnoid osteichthyans; pipid and leptodactylid anurans; chelid turties; sphenodonts; elasmosaurid plesiosaurs;
madtsoiid snakes; favecolitid and megaloolithid eggshelis; and hadrosaurid, ¢f carcharodontogaurid, and
titanosaurid dinosaurs. A new small saltasaurine titanosaurid, Bonatitan reigi gen. et sp. nov., is described. It is
diagnosed by the fellowing association of characters: 1) longitudinal groove located on the suture between pari-
etals that continues posteriorly over the supraoccipital to the foramen magnum, 2) basisphenoid tubera long
and narrow; 3) dorsal to middle caudal vertebrae with deep oval to circular pits present on both sides of the
prespinal lamina; 4) anterior caudal vertebra with spino-postzygapophysial and spino-prezygapophysial lami-
nae; 5) neural arch of anterior caudals with deep interzygapophysial fossae with numerous pits; 6} anterior
caudal vertebra with an accessory sub-horizontal lamina extending from the antero-veniral portion of the
postzygapophysis to the mid-portion of the spinc-prezygapophysial lamina; and finally, 7) anterior caudal verte-
bra with a prominen$ axial crest on the ventral surface of the cemtrum. The first record of sphenodonts and ¢f,
carcharodontosaurid theropods is recognized for the upper Late Cretaceous of Patagonia, as well as the earliest
record of percichthyids (Perciformes}. The vertebrate record is mainly composed of terrestrial and freshwater
taxa, but a few marine elements are found (elasmosaurids) indicating a marine influence during the deposition
of the Allen Formation in the area of Bajo de Santa Rosa. The vertebrate remains support a Campanian-
Maastrichtian age for the Allen Formation. Comparisons with other South American Campanian-Maastrichtian
localities suggest a similar fossil vertebrate composition, with relatively few differences between the Patagonian
and extra Patagonian South American records.

Key words: Late Cretaceous, osteichthyans, chondrichthyans, anurans, turties, sphenodonts, plesiosaurs, ophid-
ians, dinesaurs, Patagonia.

The increasing knowledge about Late Creta-
ceous vertebrate faunas from South America, in
particular those of Argentina, is opening new
windows, not only for the information based on
new taxa, but also for the evolutionary, paleobio-
geographic, biochronological, and compositional
aspects of the Late Cretacecus continental as-
semblages which populated this continent. The
fossil remains recovered from the Campanian-
Maastrichtian South American formations such
as Los Blanquitos (Salta Province, Argentina;
e.g., Powell, 1979, 2003), Lecho (Salta Province,
Argentina; e.g., Bonaparte & Powsll, 1980;
Chiappe, 1993}, Yacoraite (Salta Province, Argen-
tina; e.g,, Powell, 1979; Cione et al., 1984, Cione
& Pereira, 1985; Benedetto & Sanchez, 1971;

Gasparini & Buffetaut, 1980; Alonso &
Marquillas, 1986), Los Alamitos (Rio Negro Prov-
ince, Argentina; e.g., Bonaparte et al., 1984,
Bonaparte, 19864, 1987, 1990, 1992, 1994, 2002,
Bdez, 1987, Broin, 1987; Albino, 1986, 1994,
Cione, 1987; Salgado et al., 1997b), Loncoche
(Mendeza Province, Argenting; e.g,, Wichmann,
1927: Gonzélez Riga, 1999), Allen (Rio Negroand
La Pampa, Provinces, Argenting; e.g., Powell,
1987h, Gasparini & Salgado, 2000; Salgade &
Aspilicueta, 2000; Coria, 2001), La Colonia
{Chubut Province, Argenting; e.g., Ardoline &
Franchi, 1996; Albino, 2000; Gasparini & de la
Fuente, 2000; Pascual ef ol., 2000), El Melino
(Central and South Bolivia; e.g., Gayet ef al.,
1991, 2001, 2003; Gayet, 1991; Schultze, 1991a &
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by, Gayet & Meunier, 1998), Adamentina and Mearflia
(Minas Gerais and Sdc Paulo States, Brazil; e.g.,
Gayet & Brito, 1989; Bertini ef ., 1993}, and fi-
nally Asencio and Mercedes (Paysandq, Rio Negro,
Durazno and Soriano localities, Uruguay; e.g.,
Mones, 1997) show a great taxonomic diversity of
vertebrates in Gondwana.

In addition, Campanian-Maastrichtian non-
South American Gondwanan vertebrates have
been found in India (e.g., Lydekker, 1877, 1879,
1887: Huene & Matley, 1933; Berman & Jain,
1982; Jain & Bandyopadhyay, 1997), Madagas-
car {e.g., Depéret, 1896; Krause et al., 1997, 1999,
Curry Rogers & Forster, 2001; Gottfried and
Krause, 1998, Sampson ef af,, 1998}, and, though
less abundant, in Australia (e.g., Rich et al., 2002),
New Zeland (e.g., Moinar, 1989}, and Antarctica
(Gasparini & Goni, 1985; Olivero ef al,, 1991;
Novas ef af., 2003a) which also contribute to the
knowledge of the diversity of Gondwanan biota.

During the summer of 1990, 1991, and 1994
fieldworks directed by Dr. José F. Bonaparie and
carried out by staff from the Museo Argentine
de Ciencias Naturales «Bernardino Rivadavia»
were conduzcted at the Bajo de Santa Rosa local-
ity, Rio Negro Province, Argentina (Fig. 1). Arich
and diverse collection of vertebrate remains was
recoverad from outcerops of the Allen Formation
{Table 1), These fussil remains identified are:
chondrichthyans; diplomystid siluriforms,
lepisosteld, provably percichthyid, and dipnoid
osteichthyans; pipid and leptodactylid anurans;
chelid turtles; sphenodonts; elasmosaurid plesio-
saurs; madtsoiid snakes; and hadrosaurig,
titanosaurid, and probably carcharodontosaurid
dinosaurs {Table 2).

The aim of this contribution is to describe the
vertebrate fossils collected from the Allen For.
mation at the Bajo de Santa Rosa locality (Fig.
1}, and to report a new saltasaurine dinosaur,
Bonatitun reigi gen. et gp. nov, Comments and
relationships with other vertebrate-hearing for-
mations of Campanian-Maastrichtian age from
South America are dizcussed.

LOCATION AND GEOLOGICAL SETTING

The Bajo de Santa Rosa locality is loecated
approximately 150 km south west from the city
of Lamarque, approximately in the southern cen-
ter of the Rio Negro Provinee (Fig. 1), In this
area, the exposed Mesozoic sedimentary rocks
correspond to three Late Cretaceous formations:
Bajo de la Carpa, Allen, and Jagiiel (Huge &
Leanza, 2001).The Bajo de la Carpa Formation
belongs to the Rio Colorado Subgroup from the
Neuguén Group (Hugoe & Leansa, 2001) and its

age is presumed to be Coniacian-Santonian
(Legarreia & Gulisapno, 1989; Bonaparte, 1991},
The Allen and Jagiiel formations that correspond
to the Malargiie Group overlie discordantly the
Bajo de la Carpa Formation. According to recent
studies (Hugo & Leanza, 2001) both the Bajo de
la Carpa and Jagiie! formations are poorly rep-
resented at the Bajo de Santa Rosa locality; con-
trary, the Allen Formation shows widely exposed
outcrops (Fig, 1B).

The formations {hat comprise the Malargiie
Group (Late Campanian-Early Paleocene sensu
Legarreta & Gulisano, 1989) vary according to
their position in the Neuquén basin. In the south-
east of the basin the sedimentary sequence com-
prises (from the base to the top respectively) the
Allen, Jaglel, Roca, and ¥l Carrizo formations.
In the northwest of the basin the Malargiie Group
is formed by the following units: Loncoche,
Jaglel, Roca, and Pircala formations (e.g., Bar-
rio, 1980},

The Jagiiel Formation overlies the Allen For-
mation in the area of Bajo de Santa Rosa. The
age inferred for the Jagiiel Formation is Late
Maastrichtian-Early Danian {e.g., Casadio, 1994);
the Cretaceous-Paleocene transition (K-T) was
recognized in the upper part of the sequence
{Concheyro et al., 2002).

The Alien Formation is the first litostra-
tigraphic unit of the Malargtie Group, Malal-
hueyano cyele (Riogradico supercycle) corre-
sponding to the first Atlantic fransgression («Mar
de Kawas»; Casamiguela, 1978) into the Neuquén
Basin {e.g., Wichmann, 1927; Casamiguela, 1978;
Bertels, 1979; Uliana & Dellapé, 1981). The At-
lantic ingression extended over northern
Patagonia {roughly corresponding to the Hmits
of the Rio Negro and Neugquén Provinces) reach-
ing the south of Mendoza and La Pampa Prov-
inces (e.g., Casamiquela, 1978; Uliana & Dellapé,
1981, Gonzdlez Riga, 1999; Gonzdlez Riga &
Casadio, 2000).

The The Allen Formation named initially
«Facies Lacustre Senoniana» by Wichmann
(1927), forms part of an extensive sedimentary
event influenced by the sea, in a regimen of shal-
low water and probably of restricted water cir-
culation, bearing freshwater and brackish fauna
(e.g., Casadio, 1994). The inferred age for the
Allen Formation is disputed and has been con-
sidered Early Maastrichtian (Bertels, 1964, 1969,
Legarreta & Gulisano, 1889; Ballent, 1880),
Campanian-Maastrichtian (Uliana & Dellapé,
1981), Middle Campanian (Heredia & Salgado,
1998, and Late Campanian-Early Maagtrichtian
(Barrio, 1990: Hugo & Leanza, 2001), among oth-
ers.
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Table 1. List of the specimens studied. An asterisk (*) indicates holotype specimen.
0 P

SPECIMEN

IDENTIFICATION

MATFERIALS

MACN-PV BN 1072
MACN-PV RN 1674
MACN-PV RN 1084
MACN-PV RN 1071
MACN-PYV RN 1077

Diplomystidas indei.
Situriformes indet.
Situriformes indet.

Lepisosteidae indet.

Teleosiel indet.

MACN-PV RN 1081
MACN-PV RN 1479
MACN-PV BN 1680

cf. Percichthyidae indet.
Ceratodontiformes indet.
Ceratodontiformes indet.

MACN-PV EN 1076
MACN-PV RN 1064
MACN-PV RN 1065
MACN-PV RN 1063
MACN-PV RN 1069
MACN-PV RN 1068
MACN-FPV RN 1067
MACN-PY BN 1068
MACN-PV BN 1070
MACN-PV RN 1089
MACN-FPV RN 1096
MACN-PV RN 1091
MACN-PV RN 1087

Chondrichthyes indet.
Pipidae indat.
Pipidae indet.

Leptodactylidae indet.

Leptodactylidac indet,

Leptodactylidae indel.
Anura indet.
Anura indet.

Anura indetf.
Chelidae indet.
Chelidae indel.
Chelidae indet.

Elasmosauridae indet,

MACN-PV RN 1662
MACN-PV RN 1048
MACN-PV RN 1056
MACN-PV RN 1062
MACN-PV BN 1051
MACN-PV RN 1082
MACN-PV RN 1654
MACN-FV EN 1059
*MACN-PV RN 821

Sphenodontidae indet.
Patagoniophis parous
Patagoniophis parvus
Alamitophis argentinus
Madtsoiidas indei.
Madtsoiidae indet.
Madtsoiidae indet.
?Madtsoiidae indei.
Bonatitan reigi

MACN-PV RN 1061 Bonatitan reigi

MACN-PV RN 1088
MACN-PV RN 1096
MACN-PV RN 1086
MACN-PV RN 1085

Sphaerovum erbeni
Megaloolithidae indet.
¢f. Carcharodontosauridae indet.
Hadrosauridae indet.

4 incomplete pectoral spines

4 incomplete pectoral spines

incomplete pectoral spine

6 vertebral cenira

10 isolated teeth

19 fragmentary vertebrae

tooth plate

2 tooth plates

11 vertebral centra

sphenethmoid

sphenethmoid

fragment of maxilla .

23 fragmenis of ornamented cranial bones
incomplete right humerus

5 incomplete vertebrae

5 incomplete angulosplenials

radio and uina

fragments of caparace

fragments of caparace

fragments of caparace

3 cervical and 1 caudal centra, and fragmentary
remains

fragment of right lower jaw

incomplete trunk vertebra

incomplete trunk vertebra

incomplete trunk vertebra

incomplete trunk vertebra

incomplete trunk vertebra

incomplete trunk vertebra

incomplete trunk vertebra

complete braincase, middle dorsal vertebra, anterior
caudal vertebra, middle caudal neural arch, left
humerus, fragment of metacarpal, both femora, both
tibize, left fibuls, left calcaneous, left metatarsal I
complete braincase, incomplete anterior
cervicalvertebra, left radius, left ulna, left femur, left
tibia, calcaneous, metatarsal [, and few incomplete
chevrons

7 eggs and several fragments of eggshell

8 eges and fragments of eggshell

isolated toath

5 fregments of maxilla and tooth fragments

Paleocenviromental studies of the Allen Forma-
tion suggest the presence of a fluvial environment
in the basal section; becoming subtidal with conti-
nental influence in the middie; and finally, 2 ma-
rine regression is represented in the upper section,
with the evaporation of shallow lagoons close to
the sea (Andreis et af., 1974; Uliana and Dellapé,
1981; Barrio, 199¢; Casadio, 1984, Page et al., 1999}

The Allen Formation at Bajo de Santa Rosa
consists of two members each about 70 meters
thiek (Juge & Leanza, 2001). The lower mem-
ber is composed of alternated gandstones and

mudstones with small lents of conglomerates.
The upper member is dominated by gray pelites
covered by limestone and gypsum (Page et al.,
1999; Hugo & Leanza, 2001).

All the specimens described here (Table 1) were
collected in the lower member of the Alien For-
mation exposed at Bajo de Santa Rosa (Fig. 1).

Institutional Abbreviations. MACN:
Museo Argentine de Ciencias Naturales «Bernar-
dino Rivadavia» {(CH, Chubut Collection; N,
Neuguen Collection; PV, Paleonioclogia de
Vertebrados, RN, Rio Negro Collection).



260 Revista del Museo Argentino de Clencias Naturales, n. s. 6 (2), 2004

Table 2. Systematic list of the vertebrates described here from the Allen Formation at the Bajo de Santa Rosa

locality (Rio Negro Province, Argentina).

CLASE CHONDRICHTHYES
COrder indet.

CLASS OSTEICHTHYES
Subclass Actinopterygii
Supercrder Teleostei

Order indet.
Order Siluriformes
Family Diplomystidae
Gen, et sp. indet,
Family indet.
Supercrder «Holostei»
Order Lepisosteiformes
Family Lepisosteidae
Gen. ef sp. indet.
Supercrder Acanthopterygii
Order Perciformes
Family ¢f Percichthyidae
Gen. ef sp, indet.
Subelass Sarcopterygil
Order Ceratodentiformes
Family Ceratodontidae
Gen. et sp. indel.

CLASS AMPHIBIA
Order Anura
Family Pipidae
Gen. et sp. indet.
Family Leptodactylidae
Len, et sp. indet.
Family indet.

CLASS REPTILIA
Subelass Testudinata
Order Chelonia
Buborder Pleurodira
Family Chelidae
Gen. et sp. indet. 1
Gen. el sp. indel. 2
Gen. et sp. indet. 3

Subclass Diapsida
Infraclass Lepidosauromorpha
Superorder Lepidosauria
Order Bphenodontia
Family Sphenodontidae
Glen. et sp. indetl.
Order Squamata
Suborder Serpentes
Family Madtsolidae
Alamitophis argentinus
Patagoniophis farvus
Gen. et sp. indet.
Family Madtsoiidae
Gen. et sp. indet.

Superorder Sauropterygia
Order Plesicsauria

Family ¥lasmosauridae
Gen. et sp. indet.

Infraclass Archosauromorpha
Superorder Archosauria
Order Saurisquia
Suborder Theropoda
Family ¢f Carcharodontosauridae
Gen, et sp. indet.
Suborder Sauropoda
Family Titancsauridae
Bubfamily Saltasaurinae
Bonatitan reigi gen. et sp. nov.
Oofamily Favecloolithidae
Sphaerovum erbeni
Oofamily Megaleolithidae
Gen. et ap. indet.
Order Ornithisquia
Suborder Qrnitopoda
Family Hadrosauridae
(Fen. et 8. indet.

SYSTEMATIC PALEONTOLOGY
OSTEICHTHYANS

Freshwater osteichthyan remains are a com-
mon element in the lower member of the Allen
Formation at Bajo de Santa Rosa, Despite the frag-
mentary and isolated nature of these specimens,
at least five families were recognized. Compari-
sons with previcusly known taxa were carried out,
specially with those fishes recovered in the Coli
Toro, Yacoraite, Los Alamitos, and Loncoche for-
mations (Cione & Laffite, 198(; Cione & Pereira,
1985, Cione ef al., 1984; Cione, 1987; Gonzdlez
Riga, 1999), the Bauru Group (Gayet & Brito,

1989, Bertini et al., 1993), and continental Creta-
ceous-Early Tertiary formations of Bolivia (e.g.,
Gayet, 1891, Gayet & Meunier, 15398).

Osteichthyes Howes, 1894
Siluriformes {sensu Chardon, 1968)

Cretaceous freshwater siluriforms are known
in South America only by fragmentary and iso-
lated remains, They were reported in the Late
Cretaceous Yacoraite Formation (Salta Provinee;
Cione & Pereira, 1985; Cione ef al., 1984), Coli
Toro, Los Alamitos, and La Colonia formations
{Patagonia; Cione & Laffite, 1880; Cione, 1987,
Boveon, 2002), El Molino Formation (Bolivia;
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Fig. 1. A. Location map of the Bajo de Santa Rosa locality, Rio Negro Province, Argentina; B. geclogical
map at Bajo de Santa Rosa (modified from Hugo & Leanza, 2001). Regular dots indicate the outerops
of the Bajo de ia Carpa Formation; grey pattern indicates the Allen Formation; and horizontal stripes
indicate the Jagiel Formation. The arrow shows outerops at Bajo de Santa Rosa where the fossils

were collected.

Wenz, 1969; Gayet & Meunier, 1998; Gayetet al.,
2001, and in the Bauru Group (Brazil; Gayel &
Brito, 1989; Bertini ef of., 1993). Non-South
American Cretaceous siluriforms are known from
the Maastrichtian of Niger (Patterson, 1993),
Spain {de la Pena & Soler-Guijén, 1995), India
(Cione & Prasad, 2002), and possibly United
States (Frizzell & Koenig, 1973},

Up to now, the only families recognized in
the Cretaceous of South America are the
Diplomystidae, Ariidae, Andinichthyidae, and
pessible Doradidae, but due to the fragmentary
nature of most of the specimens referred to
these families, further studies and materials
are required to confirm these interpretations
(Arratia & Cione, 1996; Cione & Prasad, 2002).

Diplomystidae Eigenman 1890
Uen. ef sp. indet.
(Fig. 24

Referred Material. MACN-PV RN 10672: four
incompiete pectoral spines.

Description. All the pectoral pines have well
developed radial striae on the proximal articular
surfaces and lack an anterior denticulation {di-
agnogtic features of Diplomystidae; Gayet &
Meunier, 1998), The specimen herein figured
{(Fig. 2A) has an elongate dorsal process (follow-
ing the terminology of Hubbs & Hibbard, 1951)

as it is present in the Diplomystidae from the
Maastrichtian of Bolivia (Gayel & Meunier,
1998). The denticles are developed only on the
posterior margin; they are smaller and more
rounded than in the indeterminate siluriform
MACN-PV RN 1074 (Fig. 2C). The denticles be-
gin at a short distance of the large posterior fora-
mes.

Comments. The Diplomystidae is an ancient
group of Siluriformes endemic of South America
{Cione, 1987) which was also reported in the Late
Cretaceous of Los Alamitos (Cione, 1987), La
Colonia (Boveon, 2002), and El Molineo formations
{Gayet & Meunier, 1998).

Situriformes (sensu Chardon, 1968)
incertae sedis
(Figs. 2B, )

Referred Material. MACN-PV RN 1674 four
very small incomplete pectoral spines (Fig. 20).
MACN-FPV RN 1084: incomplete pectoral spine
lacking its proximal portion (Fig. 2B).

Description. Despite their fragmentary na-
ture, these remains show differences with the
catfish (Diplomystidae) remains commented
above. The specimen MACN-PV RN 1084 repre-
sents the largest siluriform from Bajo de Santa
Rosa (Fig. 2B). The spine is slightly curved, lacks
anterior denticles, with the small posterior ones




262 " Revista del Museo Argentine de Ciencias Naturales, n. 5. 8 (2), 2004

articular facet
for Exoccipital

H

Fig. 2. Osteichthyans. A, MACN-PV BN 1072, right pectoral spine of Dhplomystidae indet. in poste-
rior, dorsal and anterior views, B, MACN-PV RN 1084, fragment of pectoral spine of Siluriformes
irndet. in dorsat and posterior views; C, MACN-PV RN 1674, fragment of pectoral spine of Situriformes
indet. in dorsal view, I} MACN-PV RN 1071, vertebra of Lepisosteidae indet. in dorsal, anterior and
ventral views; E, MACN-PV RN 1077, tooth plate of Teleostei indet. in oeclusal and lateral views; F.
MACN-PV RN 1081, anteriormost vertebra of ¢f. Percichthyidae indet, in lateral view; G. MACN-
PV 1081, vertebra of of Percichthyidae indet. in laters] and anterior views; H, MACN-PV RN 1079,
tooth plate of Ceratodontiformes indef, in occlusal view; I, MACN-PV RN 1080, tooth plate of
Ceratodontiformes indef. in occiusal view. Chondrichthyans. J. MACN-PV RN 1076, vertebra of
Chondrichthyes indet. Scale bar represents 5 mm, Grey pattern indicates broken areas,
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located in a longiiudinal groove, The spine is al-
most circular in cress-section and the dorsal and
ventral surfaces are covered with shallow longi-
tudinal furrows,

In the four specimens catalogued as MAUN-

PV RN 1074, the proximal portion of the spine

ie missing. The denticles are located only on one
edge (possibly the posterior margin); they are
sharp, inclined, and as long as the spine width
(Fig. 2C). A similar type of pectoral spine has
been also discovered in the siluriforms from the
Los Alamitos Formation (Cione, 1987: Fig 1B).
At the moment, these fossil remains are re-
ferred to Siluriformes incertae sedis. At leasi
three different morphologies were identified that
could be velated o different siluriform taxa,

Lepisosteiformes Hay, 1926
Lepisosteidae Cuvier, 1825
Gen. et sp. indet.

(Fig. 2D)

Referred Material. MACN-PV RN 1071: six
vertebral centra (Fig. 2D).

Description. At least six incomplete vertebrae
were found at Bajo de Santa Rosa. The vertebral
apophyses have not been preserved in most speci-
mens, All the vertebrae show the diagnostic fea-
ture of Lepisosteidae in having an opisthocosious
centrum (Cione, 1987).

Comments. In South America, lepisosteids
have been documented in the Late Cretaceous
Bauru Group {Gavet & Brito, 1989; Bertini ef al.,
1993), El Molino (Gayet ef al., 2001}, Los
Alamitos {Cione, 1987, Ei Abra locality, Gayel ef
al., 1991}, and Loneoche {Gonzdlez Riga, 1999)
formations. The earliest records of this family
have been found in the Early Cretaceous of Af-
riea (Paralepidostens africanus; Arambourg &
Joleaud, 1943) and Brazil (Obaichthys; Wenz &
Brito, 1992),

Teleostei Miiller, 1844
incertae sedis
{Fig. 2E)

Referred Material. MACN-PV RN 1077 ten
hemispherical teeth of different sizes.

Description. The teeth are hemispherical and
circular shaped (Fig. 2E). Their diameters vary
from 6 to 15 millimeters.

Comments. Similar teeth, although smaller,
have also been found in Los Alamitos and
Loncoche formations (Cione, 1987; Gonzélez
Riga, 1999). This kind of tooth was originally
assigned to Semionitidae (?Lepidotes sp.) or
Sparidae {Cione, 1987) but later studies consid-
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ered it to be Teleostel incertae sedis (Cione, per-
sonal communication in Gonzdlez Riga, 1998).

Perciformes Bleeker, 1859
¢f Percichthyidae Jordan & Eigenman, 1890
Gen. ef sp. indel.
{Figs. 2F-G)

Referrad Material. MACN-PV RN 1681: nine-
teen fragmentary vertebrae,

Description. One of these remains corres-
ponds to an anteriormost vertebra due to the
presence of the articular surface for the
exoccipital (only preserving the right one), which
faces antero-dorsally (following Arratia, 1682).
The neural arch and spine are autogencus. The
postzygapophyses are broken off and behind this
region there is a large circular depression possi-
biy for rib articulation (Gayet, 1887, Fig. 2F). The
anterior surface of the centrum is larger than the
posterior one. In alt centra (Figs. 2F, (), there
are numerous deep cavities of different shapes
and sizes on the lateral and ventral surfaces,
separated by bony trabeculae (Figs. 2F, G). The
vertebral centra range from 2 to 9 millimeters in
diameter.

Comments. The autogenous neural arch is a
characteristic feature of the Perciformes (Gayet,
1987). The pattern of ornamentation with deep
cavities in the vertebral centra is common in $wo
families of Perciformes: Centropomidae and
Percichithyidae {e.g., Arratia, 1982; Gayet, 1987,
1991). The Centropomidae are tentatively recog-
nized in the Paleccene of Tiupampa (Bolivia)
{(Muizon ef al,, 1983; Gayet, 1991; Arratia & Cione,
1996}, while the Percichthyidae are known from
the Maastrichtian of Bolivia (Gayet & Meunier,
1998, Gayet ef al., 2001), the Eocene and Miocene
of Argentina and Chile (Schaeffer, 1947; Arratia
& Cione, 1996), and Oligocene-Miocene of Brazil
(Arratia, 1982). Remaing tentatively referred to
Centropomidae or Percich-thyidae were also re-
ported from the Marilia Formation (Bertini ef al.,
1993}, but further studies must be performed to
clarify their taxonomic status. The lving fresh-
water Percichthyidae are represented by six spe-
cies belonging to the genus Percichthys that in-
habit the southern and western regions of Argen-
tina and Chile {e.g., Arratia, 1982).

We tentatively assign the fossils of Bajo de
Santa Rosa to the basal family of percoids
Percichthyidae because they share a similar ver-
tebral morpholegy with those Percichthyidae
such as Macquaria antiquus (Gayet, 1987) and
the living Percichthys trucha (Arratia, 1982; 18),
especialty in the morphology of the anteriormost
vertebra. These vertebral remains from the Allen



264

Formation possibly represent the earliest record
of Percichthyidae in the Campanian-Maas-
trichtian of South America. However, & wide-
range of comparison among other basal families
of percoids must be done to clarify the taxonomy
of these remains.

Perciformes have also been found in the Los
Alamitos {Cione, 1987), Loncoche (Gonzalez
Riga, 1999}, and Saldefo formations (Salde-
nivichihys remotus, Lipez-Arbarello ef al., 2003)
but a famihar assignation to these remains has
not been indicated,

Dipnoi Miiller, 1844
Ceratodontiformes Berg, 1940
Ceratodontidae Gill, 1872
Gren. et sp. indet.

(Figs. 2 H-I)

Referred Material, MACN-PYV KN 1079: left
tooth plate (Fig. 2I). MACN-PV RN 1080: two
tooth plates (Fig 2.

Description. MACN-PV RN 1079 specimen has
four ridges (Fig, 2), The first ridge is the largest
and the others decrease in size toward the medial
edge (fullowing the ferminology of Martin et al.,
1999); the second ridge is broken, The first crest
ig tall and sharp, The lingual and mesial edges are
shghtly convex, almost similar in length. The oc-
clusal surface is covered with small pits of regular
size, MACN-PV EN 1079 resembles the specimens
of «Ceratodus» from the Bajo de Santa Rosa and
other localities figured by Wichmann (21927: Plate
I}, the apecimen of «Cerafodus» theringi from the
Los Alamitos Formation figured by Cione (1987),
and one specimen of «Cerafodus» sp. from the Coli
Toro Formation figured by Pascual and Bondesic
(1976: Plate I-5).

The specimens catalogued as MACN-PV BN
1080 have five crests (Fig. 2F). The second and
third are the largest, being the second slightly
more developed. The fourth and fifth crests are
situated close one to another. The occlusal sur-
face bears small pits. These materials are simi-
lar to the tooth plate figured by Wichmann (1927:
Plate 111-12) from the Bajo de los Menucos {Rio
Negro), and from Parri-Aiken (Santa Cruz) of
possible Coniacian age figured by Pascual and
Bondesio (1878: Plate I-4).

Comments. Wichmann (1927) published sev-
eral tooth plates and vertebral remains of
«eratodus» from Bajo de Santa Rosa and other
localities of Ric Negro Province. Ceratodontiform
lungflishes were widespread around the world dur-
ing the Cretaceous (e.g., Ameghino, 1899; Wood-
ward, 1906; Priem, 1924; Arambourg & Joleaud,
1943; Martin, 1982, Kemp, 1983; Schultze, 1991a;
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Martin ef al., 1999) and they are abundant in the
Fate Cretaceous fossil record of Argentina (e.g.,
Ameghino, 1899; Wichmann, 1924, 1927; Pascual
& Bondesio, 1976; Cione, 1987, Gonzalez Riga,
1899), The oldest occurrence of this group in South
America comes from the Jurassic of Brazil (Brejo
Santo Formation; Silva & Azevedo, 1992) and
Uruguay {Tacuarembd Formation; Silva, 1990;
Mones, 19973, The taxonomy of the abundant iso-
lated teoth plates discovered in Argentina is not
vel resolved, being «Ceratodus» theringi the only
formally known species. Several points of view
concerning the systematics of this taxen have been
expressed by different authors, but a general
agreement has not yet been established (e.g., Mar-
tin, 1982; Cione, 1987, Kemp, 1997}, therefore we
refer to these remains as gen. et sp. indet.

CHONDRICHTHYANS

Freshwaler chondrichthyan remains are known
in several Late Cretaceous localities of Argentina,
Bolivia, Ckile, Peru, and Brazil (e.g., Arratia &
Cione, 1996, Gonzdlez Riga, 19996). These records
inchide Rajiformes and Myliobatiformes (e.g.,
Arratia & Cione, 1998). At the Bajo de Santa Rosa
locality, only isolated vertebral centra of
chondrichthyans have been recognized.

Chondrichthyes Huxley, 1880
incertae sedis
(Fig. 2J)

Referred Material. MACN-PV RN 1476:
eleven complete vertebral centra.

Deseription. Many isolated amphicoelous cen-
tra of chondrichthyes have been found (Fig. 2J);
these range in diameter from 8 to 16 mm. The
neural and hemal processes are not preserved.

Comments. Similar vertebrae were described
from the Los Alamitos Formation (Cione, 1987}
and referred to Batoidea, based on studies and
comparisons of thin sections of these bones. In
addition, many isclated teeth of Batoidea also
were found in Los Alamitos locality (personal
observation) that is congruent with the previous
assignation. Due to the lack of preparation of thin
sections on the vertebrae from Bajo de Santa
Resa, as well as the preservation of any other
fossil elements that could helpin the family iden-
tification we tentatively consider these remains
as Chondrichthyes inceriae sedis.

ANURANS

In the Cretaceous of South America, anurans
are represented by at least two distinctive groups,
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the ancient Pipoidea and the neobatrachian
Leptodactylidae,

The earliest pipoid frog is Avitabatrachus
wliana from the Early Cenomanian Candeleros
Formation of Rioc Negrc Province (Bdez et al.,
2000). Late Cretacecus Pipidae from South
America includes Saltenia ibanezi from.the
Campanian Las Curtiembres Formation of Salta
Province (Reig, 1959; Béez, 1881}, and the inde-
terminate frog specimens from the Campanian-
Maastrichtian Los Alamitos Formation (Bdez,
1987). This family of freshwater frogs is relatively
well documented in the Paleogene and Neogene
of South America (e.g., Estes, 1875; Bdez &
Trueb, 1997; Bdez & Pugener, 1998, 2003). Non-
Soutk American records of Pipoidea are found
in Africa and range from the Early Cretaceous
to the present {(e.g., Estes, 1977, Tisley et al.,
1994; Kobel ef al., 1996; Bdez, 1996), and an iso-
lated record from the Oligocene of Yemen (Ara-
bian Peninsulz; Henrici & Baez, 2001). The liv-
ing Pipidae includes Xenopodinae (Xenopus and
Silurana genera), and Pipinae Hymenochirini
that inhabits northern Africa, and the genus Pipa
{Pipinae) that inhabits the fropical regions of
northern South America, The fossil record sug-
gests a Gondwanan origin for the Pipoidea; the
earliest diversification of the extant groups pos-
sibly began during the Cretaceous in Africa and
South America (e.g., Bdez, 1996).

The Leptodactylidae are a paraphyletic assem-
blage of nechatrachian frogs {we use this familiar
nare until a revision of the taxenomy of the group
is undertaken) that inhabit terrestrial or aquatic
environments (e.g., Lynch, 1971; Dueliman &
Trueh, 1986; Ford & Cannatella, 1983}, They are
recorded in the Los Alamitos (represented by an
unnamed taxon closely related to the living
lelmatobine Caudiverbera; Béez, 1987) and possi-
bly Loncoche formations (Gonzalez Riga, 1999} of
Argentina; and in the Marilia Formation of Bragzil
{the ceratophryne Bauwrubatrachus pricei; Bies &
Per, 1988}. The Leptodactylidae were diverse and
are relatively well decumented in the Paleogene and
Neogene fossil record of South America (e.g.,
Schaeffer, 1949, Casamiquela, 1958; Sigé, 1968;
Baez, 1877, 1991, 1996; Bonaparte et al., 1893},

Anura Rafinesgue, 1815
Pipoidea Bonaparte, 1831
Pipidae Bonaparte, 1831
Gen. et sp. indet.
{Figs. 3A-B)

Eeferred Material, MACN-PV RN 1064;
sphenethmoid (Fig. 3A), MACN-PV RN 1065:
sphenethmoid (Fig. 3B).
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Description. The sphenethmeids probably cor-
respond to the same species based on the shared
morphology and the approximate similar size. The
sphenethmoids are arrow-shaped, dorso-ventrally
flat, with two large external narial openings (Figs
34, B). The orbilonasal foramina are located at
the anterior half of the sphenethmoid, below a
distinctive dorso-lateral shelf. The frontoparietal
fenestra opens in dorsal view; if is wider than in
the Paleocene pipid Shelania (Bdez & Trueb,
1997). The frontoparietal fenestra is anteriorly
surrounded by the sphenethmoid, a plesiomorphic
trait alse present in non-xenopodines and non-
pipine pipids (Baez & Pugener, 2003). The nasal
septum is visible on the anterior margin of the
fenestra. In veniral view, a small fragment of the
parasphenoid with the anterior end broken off is
observable in MACN-PV RN 1065 (Fig. 3B); the
specimen MACN-PV 1064 has a shallow depres-
sion that extends anteriorly for the support of the
cultriform process of the parasphenoid (Fig. 3A).
In both specimens, the anterior border of this de-
pression is not clear, and a surface for the vomer
is not observed. The eptic foramen is only pre-
served on the left side in MACN-PV RN 1064
and is fully enclosed by the sphenethmeid.

Comments. The optic foramen enclosed by the
sphenethmoid supports the familiar assignation
hecause it is considered a synapomorphy of the
Pipidae (Cannatella & Trueb 1988; Biez &
Trueb, 1997; Bdez & Phgener, 1998), and for that
reason both specimens are assigned to this fam-
ily. The absence of the vomer could also support
pipine affinities (e.g., Bdez & Pligener, 1998), but
as the specimens of Bajo de Santa Rosa are poorly
preserved, we prefer to avoid this feature in our
identifieation.

Neobatrachia Reig, 1958
Leptodactylicdae Berg, 1838
Gen. et sp. indet.
{Figs. 3C-E)

Referred Materials, MACN-PV RN 1063:
fragment of right maxilla (Fig. 3C); MACN-PV
RN 1069: twenty three fragments of ornamented
cranial bones including incomplete maxiliae, and
frontoparietals (Fig. 3D); MACN-PV RN 1066;
right humerus lacking proximal end (Fig. 3E).

Description. The fragment of the right max-
illa and the remaining cranial bones are assigned
to this family due to the strongly ornamented
external surfaces. The exostosed cranial roof
bones are cavered with deep suheircular pits of
diverse size (Figs 3C, D); the ornamentation in
the maxilia decreases near the alveotar border.
This type of ornamentation is widely reported in
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fossil Leptodactylidae such as Baurubatrachus
pricei (Baez & Peri, 1989) and Caudiverbera
casamayorensis (Schaeffer, 1949; Bdez, 1977). On
the medial aspect of the maxilla, there are high
and narrow alveoli; the teeth were nof preserved
(Fig. 3C). The assignation is based upon compari-
son with the material described from the Los
Alamifos Formation (Bdez, 1987), Bauruba-
trachus pricel {Bdez & Peri, 1989), and Cenozoic
leptodactylids {e.g., Schaetfer, 1949; Bdez, 1977,
Casamiquela, 1958), which have the same ype
of ornamentation,

The right humerus (Fig, 3E) is lacking the
proximal end, and most of the deltopectoral crest
has been broken off. The shaft is transversely
narrow and dorso-ventrally wide. The medial and
lateral edges diverge distally. The eminentia
caplitata is prominent, simitar to that seen in the
Los Alamitos leptodactylids (Béez, 1987}, but less
developed than in the known Paleocene
teptodactylids (L.e., taxa from «Banco Negro Infe-
rior» of the Salamanca Formation, Punta Peligro,
Chubut, Bonaparte et al., 1993; and FEstfesiella
boliviensis from Bolivia, Baez, 1991, 1985). The
medial epicondyie is more prominent than the lat-
erat one, ventrally projected as a blunt crest, and
with a distal notch that separates the epicondyle
from the eminentia capitata. Similar features are
present in Esiesiella (Bdez, 1991, 1995) and the
Punta Peligre leptodactylids (Bonaparte et al.,
1993). Overall comparisons suggest greater resem-
blances with the humeral morphology of the Pa-
feocene Leptodaciylidae from Punta Peligro than
the Late Cretaceous Leptodactylidae from Los
Alamitos. It is worthy mentioning that humeral
features in anurans are not adequately studied and
the assignation of this bone to Leptodactylidae is
not strongly supported.

Anura Rafinesque, 18156
incertae sedis

{(Figs. 3F-G)

Referred Material, MACN-PV RN 1067: five
incomplete vertebrae; MACN-PV RN 1068: five
incomplete angulosplenials (Fig. 3F); MACN-PV
RN 1070: fused radio and ulna (Fig. 3G).

Description. The specimen figured (MACN.PV
RN 1068; Fig. 3F) corresponds to a right
angulosplenial of medium size. The coronoid pro-
cess is medially projected and has a semicircular
shape. The groove for the dentary is deep, faces
veniro-laterally, and extends posteriorly to the coro-
noid process. The area for articulation with the
skull is not preserved in any of these bones,

The left fused radius and ulna (Fig. 3G) hasa
prominent clecranon process and a neck in the
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proximal region of the shaft. The distal end is
wide and the epiphysis is mainly ossified on the
radius. The vertebral remains consist of poorly
preserved bodies and fragmentary neural arches,
therefore they arve not figured neither compared.

Comments. No antapormorphies for family
determination could be recognized in these speci-
mens, so they are regarded as Anura inceriae
sedis. It is worth mentioning that in the Pipidae,
the coroncid proeess is blade-shaped (Béez &
Pdgener, 1998}, therefors the angulosplenials
described should correspond to & non-pipid anu-
ran, possibly to the Leptodactylidae.

TURTLES

The major groups of Testudines, the
Cryptodira and Pleurodira, have been docu-
mented in the continental Cretaceous beds of
Patagonie {e.g., Broin & ds la Fuente, 1993; de
la Fuente ef al., 2001; Lapparent de Brein & de
la Fuente, 2001).

The Cryptodira is a very large group of fos-
sil and extant turtles widespread around the
world. Among them, the Meicolanidae is the only
group recovered in the Cretaceous of South
America. The Meiolanidae are medium to large
hodied-sized fully terrestrials turiles. This fam-
ily has heavy sheils, a tail cluh, frills, and cra-
nial horns (e.g., Ameghino, 1899; Gaffney, 1983,
1996). Meiolanid turtles were found in the Late
Cretaceous Los Alamitos {(Broin, 1987} and La
Colenia (Gasparini & de la Fuente, 2000) for-
mations,

The Pleurodira is known by members of the
Southern Gondwanan family Chelidae (Broin & de
la Fuente, 1993}; Podocnemidoidea pelomadusoids
from the Portezuelo and Anacleto formations {de
la Fuente, 1993, 2003), and the well preserved
Podocneminae specimens from the El Molino (Bo-
livia; Broin, 1991) and Adamantina (Brazil;
Staesche, 1937) formations. In addition, the
Araripemydidae family is known from the Albian
Santana Formation of Brazil (Meylan, 1996},

The Chelidae includes smal! to large, fresh
water side-necked furtles, known since the Early
Cretaceous to the present (e.g., Broin, 1987; Broin
& de la Fuente, 1993, Lapparent de Broin et al.,
1997, Lapparent de Broin & de la Fuente, 2001,
de la Fuente et al., 2001; de la Fuente, 2003). The
oldest record of Chelidae comes from the Lohan
Cura and Candeleros formations (Rariy Albian-
Cenomanian) from Neuguén Provinee, Argentina
{de la Fuente, 2003).

Isolated remains of turties from Bajo de
Santa Rosa were first figured by Whichmann
{1927}, here we report many isolated and frag-
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Fig. 3. Anurans. A. MACN-PV RN 1064, sphenethmoid of Pipidae indet. in dorsal and ventral views;
B. MACN-PV BN 1065, sphenethmoid of Pipidae indet. in darsal and ventral views; C. MACN-PV
RN 1063, fragment of maxilla of Leptodactylidae indet. in lingual and labial views; D. MACN-PV
RN 1069, frontoparietal of Leptodactylidae indet. in dorsal view; E. MACN-PV RN 1066, left humerus
of Leptodactylidae inder. in ventral and medial views; £ MACN-PV BN 1068, right angulospienial
of Anura indet. in ventral view; G. MACN-PV 1070, right fused radio and ulna of Anura indet, in
posterior view. Scale bar represents 5 mm. Grey pattern indicates broken areas.

mentary shells and posteranial remains collected
in the same locality. The ornamentation of the
shells is very similar to that reported in other
Chelidae (e.g., Broin, 1987; Gasparini & de la
Fuente, 2000). Fragments of xiphiplastrons show
the suture for the pelvis as it occurs in all
Pleurodires (e.g., Broin, 1887; Lapparent de Broin
& de la Fuente, 2001). The available specimens

are extremely fragmentary and do not allow the
recognition of the synapomorphies of the chelids;
however, at least three different types of caparaces
(gen. et sp. indet. 1, 2, and 3) have been recognized
on the basis of their size and external ornamenta-
tion. Better-preserved turtie specimens from the
Allen Formation are currently under study (de la
Fuente, personal communication).
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Chelonii Brongniart, 1800
Pleurodira Cope, 1868
Chelidae Gray, 1825
(Fen. et sp. indet. 1
(Fig. 44)

Referred Material. MACN-PV RN 1089: isolated
fragments of posterior peripheral caparace.

Description. These specimens correspond to the
largest unnamed turtle from the Bajo de Santa Rosa
loeality (Fig. 4A). The ornamentation is slight, with
irregular polygons and dichotomized furrows,

Comments. This type of shell ornamentation
is also known in the chelids of the Los Alamitos
and La Colonia formations (Broin, 1987;
Gasparini & de la Fuente, 2000}, as well as in
the large specimens of Chelidae from the Early
Paleocene of Punta Peligro (Chubut, Argentina,
e.g., Bona et al., 1998).

Glen. et sp. indet. 2
{Figs. 4B-C)

Referred Material. MACN-PV RN 1090: iso-
lated fragments of shell,

Description. These specimens correspond to
a smail to medivum sized turtle with a heavy or-
namented carapace (Figs. 4B, C). The plates are
thick and bear deep irregular elongated polygons
on the external surface. The fragment of
xiphiptagtron shows the suture for the pelvis (Fig.
4B), which is considered an autapomorphy of
pleurodires (e.g., Broin, 1987; Lapparent de Broin
& de la Fuente, 2001).

Comements. A similar pattern of ornamentation
is observed in some specimens from the Les
Alamitos (Broin, 1987), Loncoche (Gonzdlez Riga,
1999), and La Colonia formations (Gasparini &
de la Fuenie, 2000).

Gen. et sp. indet. 3
(Fig. 419

Referred Material. MACN-PV RN 1091: iso-
lated fragments of sheil.

Description. The materials belong to the
smallest turtle specimen collected at Bajo de
Santa Rosa. The plates are thin and lack
macroornamentation (Fig, 4D).

Comements. This type of shell was reported in
the Los Alamitos (Broin, 1987) and La Colonia
{Gasparini & de la Fuente, 2000} formations. This
specimen could be tentativelly referred to the
Phrynops group; the size and the external sur-
face of the shells resemble Bonapartemys
bajobarrealis (from the Turonian-Campanian
Bajo Barreal Formation) and Palaeophrynops
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patagonicus (from the Los Alamitos Formation;
Lapparent de Broin & de 1a Fuente, 2001). Nev-
ertheless, based on the fragmentary nature of the
specimens we tentatively consider them as
Chelidae indet.

PLESIOSAURS

Most of the available fossil remains of plesio-
saurs in the Cretaceous of South America are
poor and fragmentary (Gasparini & Gofii, 1885,
Grasparini ef al., 2001); the exceptions are few
fairly complete specimens from Chile and
Patagonia, Argentina {e.g., Casamiquela, 1969,
Gagparini & de la Fuente, 2000; Gasparivi et of.,
2003a & b). In outerops of the Allen Formation,
three incomplete specimens of Elasmosauridae
have been previously described (Gasparini &
Salgado, 2000). The Elasmosauridae is a family
of long necked plesiosaurs found widespread
around the world during the Cretaceous; never-
theless; their fossil record is more diverse and
abundant in North America (e.g., Willistoxn, 1903,
1906; Welles, 1952). Elasmosaurid remains were
also reported in the Lajas (Callovian; cf
Muraenosaurus; Gasparini & Spalleti, 1993),
Agrio (Valanginian-Hauterivian; Lazo &
Cichowolski, 2003), Loncoche (Gonzdlez Riga,
1899;, and Jaglel (Gasparini ef af., 2003b} for-
mations.

Sauropterygia Owen, 1860
Plesiosauria De Blainville, 1835
Elasmoesauridae Cope, 1869
Gen. et sp. indet.

{Fig. 4E)

Referred Material. MACN-PV RN 1087: three
cervical centra, one caudal centrum, and {rag-
mentary remains,

Description. All the collected specimens are
isolated elements; the size varies among them
suggesting that these eiements correspond to
different individuals. The cervical centra have
facets for the articulation of the single-headed
ribs; they are latero-ventrally eriented (Fig. 4E)
rather than lateraily oriented as seen in the dor-
sal and caudal veriebrae. The centrum is dorse-
ventrally low, antero-posteriorly short, trans-
versely wide, and slightly amphicoeleus. Both
anterior and posterior articular surfaces are kid-
ney-shaped. On the ventral surface twao large fo-
ramina are present,

The caudal centrum is badly preserved; it is
dorso-ventrally low, antero-posteriorly short, and
transversely wide. The articular surface for the
rib is oval and laterally projected.
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Fig. 4. Turties. A, MACN-PV RN 1089, posterior peripheral plate of Chelidae gen. et sp. indet. 1; B.
MACN-PV BN 1090, xiphiplastron of Chelidae gen. ef sp. indet. 2 in external and internal views; C.
MACN-PV RN 1090, pleural plate of Chelidae gen. ef sp. indei, 2; D, MACN-PV BN 1091, peripheral
plate of Chelidae gen. ef sp. indet. 3. Plesiosaurs. B. MACN-PV RN 1087, cervical centrum of
Elasmosauridae indet. in anterior and ventral views. Sphenodonts, F, MACN-PV RN 1062, fragment
of right dentary of Sphenodontia indet. in labial and lingual views. Scale bar represents 10 mm in A-
Eand 5 mm in F Grey pattern indicates broken areas. Abhreviations: fr, facet for rib; mck, meckelian

groove, wi, wear facet.

Comments. Rather complete specimens of
elasmosaurids from the middle section of the
Allen Formation near the Lago Pellegrini (Rio
Negro Province) were described by Gasparini &
Salgado (2000). These specimens were considered
ciosely related to Elasmosaurus platyurus, atypi-
cal long-neck plesiosaur of North America
(«Western Interior SBea»: Welles, 1943) (Gasparini
& Salgado, 2000; Gasparini et ol., 2001). Other
elasmosaurids from northern Rio Negro Province
were discovered in beds of the Jagiiel Formation
(Late Maastrichtian) and referred to cf
Mauisauwrus sp. and Tuarangisaurus? cabazal
(Gasparini ef al., 2003h).

SPHENODONTS

Untii recently discoveries of abundant re-
mains in the Late Triassic of Brazil (Ferigolo,
2000, Bonaparte, personal communication) and
fower Late Cretacecus of Argentina (Simén &
Kellner, 2003; Apestegufa & Novas, 2003),

sphenodontids had been a rare component of the
Mesozoic vertebrate assemblages in South
America. In contrast, this group is relatively well
documented in the Late Triassic to Cretaceous
beds of North America, Mexico, Europe, China,
Africa, and India (e.g., Sues et al., 1994; Revnoso,
1997; Fraser & Benton, 198%; Wu, 1994; Sues &
Reisz, 1995; Evans ef al., 2001).

Lepidosauria Maeckel, 1866
Rhynchocephatia Giinther 1867 (sensu
Gauthier ef af,, 1988)
Sphenodonta Williston, 1925
Sphenodontidae Cope, 1870 {sensu Reynoso,
1996)

Gen. et sp. inde.

{Fig. 4F)

Referred Material, MACN-PV BN 1062: a
middle portion of the right lower jaw.

Description. Despite its fragmentary condi-
tion, the portion of the dentary preserved indi-
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cates the presence of sphenodonts in the Allén
Formation at Bajo de Santa Rosa. The dentary
{Fig. 4F) is high and bears a longitudinal depres-
sion on its labial surface. The teeth are fully ac-
rodont with flanges (synapomorphic features
shared by this specimen and the crown-group
sphenodonts; Sues ef al., 1994). The teeth are lin-
gually placed and slightly transversely flattened
with the main axis mesiolingual-distolabially ori-
ented. The distal edge imbricates slightly labi-
ally towards the posterior tooth, as in other
sphenodonts (e.g., Tingitana anouolae from the
Early Cretacecus of Morocco; Evans &

Sigogneau-Russel, 1897). The posterior teeth are

larger than the anterior ones. Wear facets are
present on the tip of the two fallest teeth. The
presence of well established wear facets on the
teeth iz a feature share with Sphencdentidae
(e.g., Beynoso, 2000).

Comments. This specimen represents the first
record of Campanian-Maastrichtian sphenodonts
in South America, and possibly indicates the per-
sistence of a gondwanan lineage of Clevosaurus-
like sphenodonts vet poorly known in the Juras-
sic and Cretaceous beds of South America.
Kaikaifilusaurus calvot (Simdn & Kellner, 2003)
and Priocsphenodon avelasi (Apesteguia & Novas
2003; probably a funior synonymous of K. calvot)
both from the Cenomanian Candeleros Forma-
tion (Neuguén and Rio Negro) are Eileno-
dontinae sphenodonts; they are characterized by
the presence of a deep dentary and transversely
wide teeth (Simdn & Kellner, 2003; Apesteguia
& Novas, 2003), features clearly different from
the specimen from Bajo de Santa Rosa.

OPHIDIANS

The ephidians are represented in the Crefa-
ceous of South America by at least two families:
Dinilysiidae, including Dinélysia patagonica {e.g.,
Woodward, 1901; Benaparte, 1991; Caldwell &
Albino, 2002) from the Bajo de la Carpa Forma-
tion {Coniacian-Santonian; Heredia & Salgado,
1999), and Madtseiidae, including Alamitophis
argentinus {Albino, 1986, 1987), A. elongaius
(Albino, 1994}, Patagoniophis parvus (Albino,
1986, 1987), Rionegrophis madtsoioides {Albino,
1986, 1987) from the Los Alamitos Formation,
and an unnamed species from the El Moling For-
mation {Bolivia; Gayet et al., 2001). Alamitophis
argentinus was also recovered in the La Colonia
Formation {Albino, 2000), and A. sp. ¢f. A.
argentinus and Patagoniophis sp. ¢f P parvus
were recognized in the Early Eocene of Austra-
lHa {Scanlon, 1993). Indeterminate isolated re-
mains probably assigned to Madtsoiidae have also
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been documented in the Loncoche (Gonzdlez
Riga, 1999), La Colonia (Albine, 2000), and Los
Alamitos formations (personal observation).

The Boidae is a group of macrostomatan
snakes constituted by Boinae, Pythoninae,
Erycinae, and Calabariinae subfamilies (sensu
Rage, 2001); which are doubtfully documented
in the Cretaceous of South America, Members of
Boidea were tentatively identified in the Los
Alamitos (considered as probable Erycinae and
Boinae; Albino 1990, 1996) and La Colonia for-
mations {Albinoe, 2000). These remains are poorly
preserved and tentatively placed in this family
(Albino, 1990, 2000); therefore, the cecurrence
of Boidea during this timeframe is not yet clearly
demonstrated.

The Madtsoiidae have been recovered in
South America {Campanian-Maastrichtian fo
Eocene), Africa and Madagascar (Cenomanian to
Eocene), Australtia (Eocene to Pleistocene}, In-
dia (Maastrichtian) (e.g., Hoffstetter, 1961; Al-
bino, 1996; Rage, 1987, 1998; Scanlon, 1982,
1993; Scalon & Lee, 2000; Gayet et al., 2001),
Spain (Maastrichtian; Astibia ef al., 1990; Rage,
1996, 1969), and France (Sigé ef al., 1997). The
monophyly and phylogenetic relationships of the
Madtsoiidae among Serpentes are not well estab-
lished yet (e.g., Scanlon & Lee, 2000; Rieppel et
al., 2002). Recent phylogenetic analyses place
Madtsoiidae (with the Australian genus Wonambi
as a representative taxon) among basal snakes
{Scanlon & Les, 2000), while other interpreta-
tions consider that this family has Macrostomata
affinities (Rieppel et al., 2002).

Harein, we comment the presence of
Alamitophis argentinus Albino, Patagoniophis
parvus Albino, undetermined madtselid remains,
and a medium-size ?madisgoiid trunk vertebra,
which in our view belongs to a new taxon. In ad-
dition, preparation and observation of a new
trunk vertebra of Rionegrophis madiscicides
Albino from Los Alamitos supports its
Madtsoiidae affinities, as was initially interpreted
(Albino, 1986).

Serpentes Linnaeus, 1758
Madtsoiidae Hoflstetter, 1961
Patagoniophis parvus Albino, 1986
{Fig. 5A)

Referred Material. MACN-PV RN 1048 (Fig.
5A) and MACN-PV RN 1056: incomplete trunk
vertebrae.

Description. Two well preserved trunk ver-
tebrae are assigned to Pategoniophis parvus
(Fig. BA). These remains share the diagnostic
features of P parvus (Holotype MACN-PV BN
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Fig. 5. Snakes. A. MACN-PV BN 1049, trunk vertebra of Patagoniophis parvus Albino in lateral
(Al}, anterior (A2}, posterior (A3), dorsal {A4) and ventral (A5) views; B. MACN-PV RN 1063, trunk
vertebra of Alamitophis argentinus Albino in lateral (B1), anterior (B2} and ventral {(B3) views; C.
MACN-PV RN 1052, trunk vertebra of Madtsoiidae indet. in posterior (C1), lateral (C2), dorsal {C3)
and ventral (C4) views. Scale bar represents 5 mm. Grey pattern indicates broken areas.
Abbreviations: co, condyle; ct, cotyle; hk, haemal keel; ne, neural canal, ns, neural spine; pef,
paracotylar foramen; pos, postzygapophysis; pre, prezygapophysis; psf, parazygantral foramen; sn,

synapophysis; 2f, zygosphene; zt, sygantrum.

d43; Albino, 1986), including very small verte-
brae each possessing a narrow centrum, shal-
low haemal keel, and low and thin neural spine
{Albino, 1986). The zygantrum is deep, with the
dorsal edge slightly convex; this structure is
not preserved in the holotype specimen.

Comments. Up to now, this smallest species
of madtseiid was recognized in the Log Alamitos
Formation (Albino, 1986, 1987), and in the Early
Eocene of Australia (Scanlon, 1993}, The new
recard in the Bajo de Santa Rosa locality expands
the temporal and geographic distribution of this
species during the Cretaceous.

Madtsoiidae Hoffstetter, 1961
Alamitophis argeniinus Albino, 1986
(Fig. 5B}

Referred material. MACN-PV RN 1053: in-
compiete trunk vertebra.

Description. Only an incomplete vertebra
could be assigned tentatively to A. argentinus
{Fig. bB). This specimen has only the centrum
and part of the left portion of the neural arch
preserved. The specimen from Bajo de Santa Rosa
shares with the holotype of A. argentinus (Holo-
type MACN-PV BN 27: Albino, 1986) a similar
morphology of the vertebral centruom, including
a narrow and not very triangular in shape, with
a thick haemal keel separating deep lateral de-
pressions. This material is slightly smaller than
the holotype of A, argentinus (MACN-PV RN 33).

Comments. Alamitophis (Albino, 1986) is
widely documented in the Los Alamitos, Allen,
and La Colonia formations, as well as in the Early
Eocene of Australia (Albinoe, 1994, 2000: Scanlon,
1993). If the taxenomic identifications of these
records (only based on vertebral isolated re-
maing} are correct, this species has a broad tem-
poral and geographic distribution in Gondwana,
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As a preliminar comment, Alamitophis seems {o
be the predominat snake in the Los Alamitos,
Allen, and L.a Colonia formations.

Madtsoiidae Hoffstetter, 1961
(en. et sp. indet.
(Fig. 50)

Referred Material. MACN-PV RN 1051,
MACN-PV RN 1052 (Fig. 5C), MACN-PV RN
1654: isolated trunk vertebrae.

Description. MACN-PV RN 10562 (Fig. 5C) is
the most complete vertebra from Bajo de Santa
Rosa that is referred to this family, This vertebra
has a parazygantral foramen which is a unique
vertebral synapomorphy of Madisolidae (Rage,
1998). This specimen is a little larger than
Patagoniophis parvuws and smaller than
Alamitophis argentinus. The vertebra is high and
short. The haemal keel is thin and Hmited lafer-
ally by deep depressions. The neural spine is bro-
ken off on its posterior part. The zygantrum is
high and deep with the dorsal border slightly con-
cave. The association of these mentioned features
in the veriebra from Bajo de Santa Rosa differs
stgnificantly from Patagoniophis and Alamitophis
making it difficult to assign it to genus level,

MACHN-PV RN 1051 {not figured) corresponds
to a caudal vertebra due to the presence of a pair
of pedicels for the chevrons near the posterior
end of the centrum, and long narrow transverse
processes antero-laterally projected,

?Madtsoiidae Hoffstetter, 1961
Gen. el sp. indet.
(Fig. 6)

Referred Matericl. MACN-PV RN 105%: al-
most complete trunk vertebra.

Description. MACN-PV RN 1059 (Fig. 6} con-
gists of a trunk wvertebra lacking both
postzygapophyses, the anteriormost part of the
prezygapophyses, and the postero-dorsal portion of
the neural spine, The vertebra is high and wide.
The dorsal edge of the neural spine, although in-
complete, seems to be siraight. The zyvgosphene is
weak, transversely elongate, and low. The
prezygapophyses are antero-laterally projected and
apparently do not have a prezygapophyseal process
on the right side where the prezygapophysis is bet-
ter preserved. Only one large paracotylar foramen
is present on each side. The centrum is dorso-ven-
trally compressed and triangular in ventral view,
more elongate antero-posteriorly than transversely
wide, with a prominent haemal keel and lateral
depressed areas. The zyganirum is moderately
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deep, connecting both depressions by a shallow
transversal groove. The area of the parazygantral
foramina and the postzygapophyses has been bro-
ken off. The condyle is oval shaped and faces
postero-dorsaliy.

This specimen is larger than Alamifophis
argentinus and A, elongatus (Albino, 1986, 1987,
1994) and differs from these two species in hav-
ing the veriebral centrum wide and short, shal-
low depressions on both sides of the haemal keel,
shallow zygantrum with a transversal groove
connecting both, and a thicker neural arch. This
taxon from Bajo de Santa Resa differs from
Rionegrophis madisoioides, the largest madtsoiid
snake from Los Alamitos (Albine, 1986, 1987),
in baving a narrow and long centrum, a very low
and wide zigosphene, enly one large paracotylar
foramen, and a well developed haemal keel. This
possible madtsoiid differs from Dinilysia
patagonica (Woodward, 1901; Rage & Albino,
1986} in having the zygosphene transversely
large and low, and a slender neural arch. In addi-
tion, this specimen differs from Boidae snakes
in the proportion of the centrum and in the lack
of prezygapophysial processes,

Comments. The specimen here described rep-
resents the largest snake recovered from the Bajo
de Santa Hosa locality. The familiar status of this
taxon is doubtful due to the lack of the
postzygapophyses aud part of the zygantrum where
the parazygantral foramen should be located. The
combination of these leatures mentioned in this
specimen could indicale the presence of & new
gaxon, but new (indings are required in order to
support this statement. In addition to this speci-
men, unpablished vertebrae from the Los Alamitos
Formation could be assigned to the same taxon.
Thege specimens are: MACN-PV RN 201, MACN-
PV BN 219, and MACN-PV RN 220.

Cormunents of Rionegraphis madtsoioides. An
undescribed trunk vertebra (MACN-PY RN 226)
of Rionegrophis madisoioides from the Los
Alamitos Formation provides new information
about the taxonomic affinities of this species. Al-
bine (1986, 1987) tentatively included this taxon
in the Madtsoiinae subfamity because one diagnos-
tie feature (i.e., the presence of a parazygantral fo-
ramen) was 1ot preserved in the holotype and the
only available specimen. MACN-PV BN 226 shaves
with the holotype of Rionegrophis madisoioides
(MACN-PV BN 32), a similar size, with an antero-
posteriorly short and triangular centrum, thick and
narrow zygosphene, and paracotylar foramen, This
new specimen also possesses a parazygantral fora-
men supporting Rionegrophis madtscioides as a
member of Madtsoiidae.
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Fig. 6. Madtsoiidae MACN-PV BN 1949, trunk vertebra in dersal (A), veniral {B), anterior (C),
posterior (1)) and lateral (E) views. Scale bar represents 5 mm, Grey patiern indicates broken areas.

Abhreviations as in Fig. 5.

DINOSAURS
SAUROPODS

Titanosaur sauropods are widespread in most
of continental Cretaceous beds of the weorld, but
are more abundant and diverse in Gondwana,
such as in South America {e.g., Lydekker, 1883;
Huene, 1929; Bonaparte & Gasparini, 1978;
Bonaparte & Powell, 1980; Powell, 1886, 2003,
Cualvo & Bonaparte, 1981; Bonaparte & Coria,
1993; Salgado, 1996, Kellner & Azevedo, 1999),
Africa (Depéret, 1896; Taquet, 1976; Jacobs et
al., 1983; Curry Rogers & Foerster, 2001; Smith
et al., 2001), and India (e.g., Lydekker, 1877,
1879, 1887, Jain & Bandyopadhyay, 1997). Out-
side Gondwana, titanosaurs have been found in
North America (e.g., Gilmore, 1922, 1946; Lucas
& Hunt, 1989), Asia (e.g., Hoffet, 1942,
Nowinski, 1971; Borsuk-Byalinicka, 1977,

Kurzanov & Bannikov, 1983), and Europe {e.g.,
Lydekker, 1887; Le Loeuff, 1993, 1995; Sanz et
al., 1999}

In recent years, the phylogenetic relationships
of titanosaurian sauropods have been reviewed by
different authors, and the general consensus is
that the titanosaurid Saltasaurinae appears to be
one of the meost derived groups from this lineage
{e.g., Salgado et al., 1897a; Upchurch, 1895, 1898;
Wilson, 2002).

At the present, the titanosaurid sauropods
reported from the Allen Formation are
Aeolosaurus sp. {(Salgado & Coria, 1993) and
Rocasaurus muniozi (Salgado & Azpilicueta,
2000}. Originally, Nenquensaurus australis (e.g.,
Lydekker, 1893; Powell, 2003), Laplatasaurus {=
«Titanosaurus») arawkanicus {(Huene, 1929,
Powell, 2003, Wilson & Upchurch, 2003}, and
Pellegrinisaurus powelli (Salgado, 1998) were
considered as coming from the Allen Formation,
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but recent geological studies consider that these
species were collected from the Rio Colorade
Subgroup {Heredia & Salgado, 1999),

A new small saltasaurine titanosaurid,
Bonatitan reigt gen. et sp. nov,, based on two in-
complete specimens is deseribed and compared
here. These two specimens were unearthed to-
gether from the same site at the Bajo de Santa
Rosa locality.

Dinosauria Owen, 1842
Saurischia Seeley, 1888
Sauropoda Marsh, 1878
Titanosauria Bonaparte and Coria, 1993
Titancsauridae Lydekker, 1893 (sensu Salgads,
2003)
Saltasaurinae Powell, 1986 (sensu Sereno,
1998)
Bonatitan Martinelli & Forasiepi gen. nov.
{Figs. 7-17)

Tvpe and only known species. Bonatitan reigi
8p. nov.

Diagnosis. Small-sized titanosaurid Salta-
saurinae characterized by the following associa-
tion of characters: 1) longitudinal groove located
on the suture between parietals that continues
postericrly over the supracccipital to the fora-
men magnun; 2) basisphenoid tubera long and
narrow {more than twice long as wide); 3) dorsal
to middle caudal vertebrae with deep oval to cir-
cular pits on both sides of the prespinal lamina;
4) anterior caudal vertebra with spino-
postzygapophysial and spino-prezygapophysial
laminae; 5) neural arch of anterior caudals with
deep interzygapophysial fossae with numerous
pits; 6) anterior caudal vertebra with an acces-
sory sub-horizontal lamina extending from the
antero-ventral portion of the postzygapophysis
to the mid-portion of the spino-prezygapophysial
lamina; finally, 7) anterior caudal vertebra with
a prominent axial crest on the ventral surface of
the cemtrum.

Eiymology. The genus is named in honor of
Dr. José F. Bonaparte, due to his immense con-
{ribution to the knowledge of Mesozaic verte-
brates of South America.

Bonatitan reigi Martinelli & Forasiepi sp. now.

Diagnosis. As for the genus,

Etymology. The species is named in honor to
B, Ogvaldo Reig for his contribution to South
American paleontology.

Holotype. MACN-PV RN 821: complete brain-
case, middie dorsal vertebra, anterior caudal ver-
tebra, middle caudal neural arch, left humerus,

fragrent of metacarpal, both femora, both tibiae,
left fibula, left calcaneous, left metatarsal I, and
some fragmentary elements.

Referred Material. MACN-PV RN 1061: com-
plete braincase, incomplete anterior cervical ver-
tebra, left radius, left ulna, left femur, left tibia,
calcaneous, metatarsal 111, a few incomplete chev-
rons, and some [ragmentary indeterminate ele-
ments,

Locality and horizon. Both specimens were
collected in the Bajo de Santa Rosa locality, Ric
Negro Province, Argentina (Fig. 1); Allen For-
mation, Malargte Group, Campanian-Maas-
trichtian (IJljana & Dellapé, 1981), Late Creta-
ceous.

Description and Comparisens

The holotype (MACN-PV RN 821} and the
referred specimen (MACN-PV BN 1061) were
unearthed in the same paleontological site. The
remains were disarticulated and the bones of each
individual were mixed. The specimens were seg-
regated on the basis of their relative sizes.
MACN-PV RN 821 is selected as holotype because
it is more complete and the elements preserved
are more diagnostic than the other specimen. The
estimation of the body size (mainty based on com-
parisons of the length between the femora and
tibiae) suggest that the holotype specimen
(MACN-PVY RN 821) is approximately 20% larger
than MACN-PV BN 1061, The description and
comparisons are hased on both specimens. The
measurements of the posteranial bones are given
in the appendix.

Braincase

Dermal bones and Chondrocranium. Twe well
preserved braincases are available. Most of the
chondrocranium is preserved in both specimens
of Bajo de Santa Rosa, and it is formed by su-
praoccipital, exoceipital, basioccipital, basisphe-
noid, parasphenocid, orbitosphenoid, lateros-
phenoid, prootic, and opisthotic bones. The only
dermal bones preserved are the frontals and pa-
rietals. The sutures are clearer in MACN-PV RN
1061 than in MACN-PV RN 821 perhaps in cor-
relation with the smaller size and younger age of
the former specimen. For descriptive purposes,
the articular surface of the occipital condyle is
posteriorly oriented as it occurs in Rapetosaurus
kroawsei, which has one of the better-preserved
titanosaur skull (Curry Rogers & Forster, 2001,
2004).

The frontals (Fig. 7) are antero-posteriorly
short, they are not fused in the sagittal plane as
observed in most sauropods (e.g., titanosauriforms
and diplodocids; Huene, 1929; Berman & Mcln-
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Fig. 7. Bonatitan reigi gen el sp. nov. Holotype MACN-PV RN 821, stereophotographs with
accompanying line drawing of the basicranium in dorsal (A), oceipital (B} and lateral (C) views.
Scale bar represents 50 mm. Abbreviations: Bs, basisphenoid; Bo, basioccipital; bst, basisphenoid
tuber; btp, basipterygoid process; ca, crista antotica; caf, carotid foramen; co, occipital condyle; cpr,
cresta prootica; Ho, exoceipital; fm, foramen magnum,; fo, fenestra oval, Fr, frontal; jv, jugular vein
foramen; Ls, laterosphenoid; mf, metotic fissure; Os, orbitosphenoid; E parietal; pop, paraocccipital
process; Ps, parasphenoid; Soc, supraoccipital; spfr, surfaces for the prefrontal; spe, surfaces for the
postorbital; sif, supratemporal fossa; I-VIII and XII, cranial nerves foramina.

tosh, 1978); in conirast, they are fused posteri-
orly with the parietals. The external surface of
the frontals faces dorsally and forms the ante-
rier border of the supratemporal fenestra as in
other titanosaurids {e.g., Aniaclosaurus,
Rapetosaurus and Sealtasaurus, Huene, 1929;
Curry Rogers & Forster, 2001, 2004; Powell,
2003}, On the anterior region of the suture be-
tween the frontals there is an inverted «Us»
shaped tuberosity. On the lateral edge of the fron-
tal there are two articular surfaces: an anterior
one for the articulation with the prefrontal and
a sinaller postero-lateral one for the articulation
with the postorbital (the prefrontals and
postorbitals are not preserved), On the inner side,

the frontals have two concave surfaces divided
by a sharp and almost transversal crest. The larg-
est veniral surface supports most of the
orbithosphenoid and laterosphenoid, and forms
the posterior wall of the orbital cavity; the small
dorse-medial surface foims the posterior wall of
the olfactory tract and supperts the region of the
orbitosphenoids where the oifactory bulbs iie.
Between the dovsal contact of the frontal and
orbitosphenoid there is a transversal groove for
the anterior cerebral artery (Berman & Mcln-
tosh, 1978). )
The parietals (FFig. 7) contribute to the roof
of the skull; they are mainly exposed in dorsal
view. These bones are relatively wider than in
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Antarctosaurus, but similar to Rapetosaurus. The
parietals are shorter antero-posteriorly than the
frontals, and slightly concave. The anferior edge
of the parietal forms a crest that delimits the
posterior border of the supratemporal fenesira.
The contact of the parietal with the supraoccipi-
tal and exoccipital is not observable. In the sag-
ittal plane, where both parietals contact, there
is a tuberosity that continues and enlarges back-
wards over the supraoccipital. This tuberosity,
for attachment of the axial musculature, defines
a longitudinal groove that extends from the pa-
rietal to the foramen magnum. The groove over
the parietals is only observable in Bonatiian.

The parietal fontaneile and post-parietal fon-
tanelle are both absent in Bonafitan as in all
known titanosaurs. These openings are only de-
veloped in Dicraecsaurus and Amargasaurus
(Janensch, 1935-36; Salgado & Calvo, 1992).

The supraoccipital (Fig. 7) is fused laterally to
the exoccipital; based on other sauropods, the su-
praocccipital may form the dorsal border of the fo-
ramen magnur. On the posterior surface the su-
pracceipital bears a longitudinal groove that
reaches the foramen magnum {see alsc above).
This groove is also present in Rapefosaurus (Curry
Rogers & Forster, 2004) but apparently it does not
extend anteriorly on the parietal as in Bonafitan.
In Anctartosaurus (MACN-PV 6804) the supraoe-
cipital forms a distintive process but a longitudi-
nal groove is not evideni (Huene, 1929; contra
Curry Rogers & Forster, 2004). The dorsal edge of
the foramen magnum in MACN-PV RN 821 is
more concave than in MACN-PV RN 1061.

The supratemporal fenestra (Fig. 7) is ex-
tremely short antero-posteriorly and very wide
transversely, the anterior edge is convex while the
posterior one is slightly concave, and opens on the
dorsal surface of the skull. In Camarasaurus
{Madsen et al., 1895), Brachiosaurus (Janensch,
1935-36, 1950), Diplodocus (Upchurch, 1999),
Rebbachisaurus (Calvo & Salgado, 1995}, and
dicraeosaurids (Janensch, 1935-38; Salgado &
Calvo, 1992} the fromials are excluded from the
anterior edge of the supratemporal fenestra. In
Nemegtosagurus (Nowinski, 1871) the participation
of the frontal in the border of the supratemporal
fenestra is very reduced.

The basioccipital (Fig. 7} forms the occipital
condyle, which is prominent and almost spheri-
cal. We follow the interpretation of Rapefosaurus
{Curry Roger & Forster, 2001, 2004) in which the
occipital condyle is posteriorly projected rather
than posterc-ventrally as in Brachiosaurus
{Janensch, 1835-36, 1950}, or ventrally as in
dieraeosaurids and diplodocids (Salgado & Caivo,
1992; Berman & Mcintosh, 1978).
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The basisphenoid forms mainly the
basispterygoid processes and a portion of the
crista prooctica; the sutures among surrounding
bones are not observable. The basispterygoid
processes of the basisphenoid are long, antero-
ventrally projected, siender, and less divergent
than in Anfarciosaurus (in which an angle of al-
most 90 degrees is formed; Huene, 1929}, but
more divergent than in Rapetosaurus {Curry
Rogers & ¥Forster, 2004). The basisphenoid tubera
{Figs. 7B, C) are elongated and narrow, unfused
to each other, and delimit the lower surfaces of
the pituitary fossa. The basisphenoid tubera of
Bonatitan differ from Antarciosaurus and
Rapetasaurus which have dorso-ventrally shorter
and fransversely wider tubera {(Huene, 1929,
Curry Rogers & Forster, 2004). In Saltasaurus,
the tubers are fused (Powell, 1892, 2003).

The parasphenoid is broken in both speci-
mens, but acecording to the preserved base of the
cultriform process, it seems to be slender and
anteriorly projected (Figs. 7C, 8).

The orbitosphenoids {Figs. 7C, 8) face
anterclateraly and are pierced by several foramina
for the exit of the cranial nerves (see below; Fig.
8). In anterior view, the orbitosphenoids meet each
other; posteriorly they are partiafly fused with the
laterosphenoid and dorsally they are in contact
with the frontals.

Sutures of the laterosphenoids {Figs. 7C, 8)
with the parasphenoid, basisphenoid, and otic
bones are not discernible. The laterosphenoids
project laterally contacting dersally with the
frontals; contributing anterclaterally to the crista
antotica. Above the crista antotica, near the fron-
tal, there is a depression with a small foramen
for the mesencephalic vein (Berman & Melntosh,
1978).

There are no clear sutures between the
exoccipital and the surrounding bones of the skull
{Fig. 7). The paraoccipital processes are promi-
nent, ventrally projected, and bear a roughly lat-
eral surface for the articulation with the squa-
mosal as in Saltasaurus. These processes are situ-
ated at the same level of the occipital condyles
as in other titanosaurids (e.g., Antaciosaurus and
Rapetosaurus), with the exception of Saltasaurus
wherethey occupy a lower position (i.e., they are
longer and more ventro-anteriorly projected).
The paracccipital processes are «CU»-gshaped, a
condition similar to that found in Saltasaurus,
Antarctosaurus, and Rapetosaurus.

The prootic and episthotic bones are strongly
fused. The crista prootica is thin and dorsally
delimits the middle ear cavity, which is deep and
postero-ventrally faced. The fenestra oval, which
accommaedates the footplate of the stapes, is oval-
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Fig. 8. Bonatitan reigi gen ef sp. nov. Holotype
MACN-PVY RN 821, line drawing of the
basicranium in ventro-lateral view with the
condyle ventrally oriented. The right preserved
basipterygoid process is not figured. Scale bar
represents 5O mm, Abbreviations asin Fig. 7,

shaped and located in the center of the middle
ear cavity.

Foraminae. Description of the braincase fo-
ramina (Figs 7C, 8) is mainly based on the fol-
lowing studies: White, 1958; Berman & Mclntosh,
1978, Balgado & Calvo, 1992; Powell, 1992, 2003,
and Galton, 1985, 1989,

The exit for cranial nerve {CN) I {olfactory
fract) is relatively large and faces antero-dorsally
between the orbitospheneid and frontals as in
most sauropod taxa.

The optic foramen (CN II) pierces the orbito-
sphenoid; it is an oval-shaped opening, facing
anterolateraly, and larger than the foramen for
the oculometor nerve (CN 111}, this morphology
is similar to Saltasaurus {(Powell, 1986},
Quaesitosaurus (Kurzanov & Bannikov, 1983),
and Rapetosaurus {Curry Rogers & Forster,
2004). In Camarasqgurus (White, 19583,
Diplodocus (Berman & McIntogh, 1878),
Rebbachisaurus (Calvo & Salgado, 1995), and
Amargasaurus (Salgado & Calvao, 1992) the op-
tie and cculemotor foramina are considerably
smaller and almost egual in size. In the speci-
men MACN-PV EN-1061 the optic foramen is
relatively smaller than in MACN-PV RN 821.

The oculomotor foramen (CN III) is eye-
shaped, situated on the sutere between the or-
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bitesphenoid and laterosphencid, and laterally
faced. The anterior rim is straight with a well-
defined border, while the posterior border is
slightly concave. In Antarctosaurus (Huene,
1929) and Saltasaurus (Powell, 2003) this fora-
men ig oval in shape.

The trochlear foramen (CN 1V) is a very small
opening, located on the suture between the or-
bitosphenoid and laterosphenoid, above the ocu-
lometor foramen. The orbitosphenoid forms the
anterior rim whereas the laterosphenoid forms
the posterior ome.

The trigeminal foramen (CN V ) is larger
than the optic foramen, as in Saltesaurus,
Antarctosaurus (Huene, 1929; Powell, 1986}, and
Rapetosaurus (Curry Rogers & Forster, 2004),
The trigeminal foramen is located on the suture
between the laterosphenoid and the prootic,
posterc-ventral to the oculometor foramen. The
sharp crista antetica delimits this foramen
antero-dorsally, whereas the crista proctica forms
the postero-ventral rim of this foramen. The
antero~ventral border of the trigeminal foramen
has a groove for the maxillary branch of the
trigeminal nerve (CN V,) that reaches the
basiptervgoid process of the basisphenoid. In
Quaesitosaurus (Kurzanov & Bannikov, 1983),
Camarasaurus {White, 1958}, Ihplodocus
(Berman & Melntosh, 1978), Rebbachisaurus
(Calve & Salgado, 1995), and dicraecsaurids
(Janensch, 1935-38; Salgado & Calvo, 1992) the
trigominal foramen is smaller in relation to the
remaining cranial nerve foramina.

The abducens foramen (CN VI} is small and
located above and anteriorly 1o the carotid fora-
men. Based on other sauropods this foramen
should be located at the level of the suture be-
tween the orbitosphenoid and parasphenoid (but
this suture is not clearly discernable in
Bonatitan),

The facial foramen (CN VII) is small, eye
shaped, and anteriorly faced. It is surrounded
dorsalty by the alisphenoid and ventrally by the
prootic. This opening is located on the crista
prootica below the foramen for the CN V.

The acoustic foramen (CN VIi} is circular-
shaped, smaller than the facial foramen, and
placed in the middle ear cavity dorsal to the fenes-
tra ovalis.

The glossopharyngeal (CN 1X), vagus (CN X),
and accessory {CN XI) nerves, and the jugular
vein pass through the metotic fissure (De Beer,
1937) on the posterior wall of the middie ear cav-
ity This figsure is the largest opening of the lat-
eral wall of the braincase, located postero-ven-
trally to the fenestra ovalis; both openings are
separated by a thin bony wall.



278 Revista del Museo Argentino de Ciencias Naturales, n. s. 6 (2), 2004

Fig. 9. Bonatifan reigi gen et sp. nov. MACN-PV
RN 1861, photographs of the anterior cervical
centrun in lateral (A) and ventral (B) views, with
accompanying line drawing in lateral view (C).
Scale bar represents 50 mm. Grey patiern
indicates broken areas. Abbreviations: pi,
pletrocet,

The hypoglossal foramen (CN X1I) opens in
the exoccipital, posterior to the base of the
paraoccipital process, and outside of the middle
ear cavity.

The carotid foramen is fully enclosed in the
basispterygid process. This opening is smaller
than that of Saltasgurus and Antactosaurus.
Near the carotid foramen a small indeterminated
foramen is present.

Posteranial skeleton

Cervical vertebra. The cervical vertebra (Fig.
9) consists of an anterior centrum strongly
opisthocoelous with the parapophyses located on
the anterior half (the neural arch is not pre-
served). The centrum is almost as high as wide

and very antero-posteriorly elongated, even more
s0 than Saltasaurus (Powell, 1888, 2003;

“Bonaparte, 1999) and Isisgurus (Jain &

Bandyopadhyay, 1997, Wilson & Upchurch,
2003). The pleurocoels, placed above the poste-
rior edge of the parapophyses, are oval and deeper
than in Saltasaurus. The pleuracoels are divided
by an obligue septum, also present in Saltasaurus
(Powell, 1986, 2003). The parapophyses are thin
and latero-ventrally oriented. Due to the relative
small size, this centrum is tentatively assigned
to the smallest specimen (MACN-PV RN 1661).

Dorsal vertebra. An almost complete dorsal
vertebra (Figs. 10, 11) was recovered and based
an the size it is assigned to the holotype. The left
postzygapophysis and the distal portion of the
neural spine are preserved and broken from the
rest of the neural arch (Fig. 12). We interpret this
element as a middle dorsal vertebra due to the
possession of a deep postparadiapephyseal fossa
(sensu Bonaparte, 1999; fossa placed posteriorly
to the anlerior centroparapophyseal lamina of
Wilson, 1999), and because the parapophyses are
high and anterior to the dizpophyses. The
opisthocoelous centrum is slightly deformed lat-
erally. The centrum is as wide as high and slightly
larger antero-pesteriorly than wide. The
pleurocost is deep and eye-like shaped with well
delimited edges as in Neuguensaurus (Powell,
2003); in Seltasaurus and Isisaurus {Jain &
Bandyopadhyay, 1997, Wilson & Upchurch, 20033
the anterior and ventral edges of the pleurocoel
siope gradually. The neural arch and the centrum
are separated; both elements have cancellous os-
seous tissue. The posterior centrodiapophyseal
lamina (pedl) (infradiapophysesl lamina sensu
Bonaparte, 1999) is thin and vertically reaches
the centrum at the posterior region as in the
mididle dorsal vertebrae of Saltascurus and
Neuguensaurus. The thin anterior centropara-
pophyseal lamina (acpl) runs almost parallel to
the posterior centrodiapophyseal lamina (pedD).
The articular surface of the parapophysis faces
laterally and is nearer to the prezvgapophysis
than to the diapophysis. The prezygapophyses are
located at the same level as the parapophysis, but
face dorso-medially. The centroprezygapophyseal
lamina is absent as in Neuguensaurus (Powell,
1986, 2003) and Rocasaurus (Salgade &
Azpilicueta, 2000). The postparadiapophyseal
fossa (pparf} is deep and constitutes the most
remarkable feature in lateral view. The diapophy-
ses are slender and are directed latero-dorsally.
The postzygodiapophyseal lamina (podl) (diapo-
postzygapophyseal lamina sensu Bonaparte,
1999} is slender and bears on its dorsal surface
some oval depressions and pits, a unique feature
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Fig. 10. Bonatitan reigi gen et sp. nov. Holotype MACN-PV RN 821, stereophotographs with
accompanying line drawing of middie dorsal vertebra in anterior view. Scale bar represents 50 mun.
Abbreviations: dia, diapophysis; nc, neural canal; par, parapophysis; prel, prespinal lamina; pr,
prezygapophysis,

Fig. 11. Bonatitan reigi gen et sp. nov. Holotype MACN-PV RN 821, stereophotographs with
accompanying line drawing of middle dorsal vertebra in lateral view. Scale bar represents 50 mm.
Grey pattern indicates broken areas. Abbreviations: acpl, anterior centroparapophysial lamina; dia,
diapophysis; par, parapophysis; pedl, posterior centrodiapophysial lamina; pl, pleurocel; podi,
postzygodiapophysial lamina; pparf, postparapophysial fossa.

among titanosaurs, The infrapostzygapophysial
lamina (tpol) is thin and incompletely preserved.
The infrapostzygapophysial fossa is deep and
faces posterolaterally. In the basal portion of the
neural arch the prespinal lamina (prel)
(spinoprezygapophyseal plus prespinal laminae,

spri+prsl sensy Wilson, 1999) is thin (however
it is badly preserved in the fragment of the neu-
ral spine}. The undivided neural spine has its
right half portion broken off (Fig. 12); it seems
to be transversely wide and dorse-ventrally short.
In anterior view, the prespinail lamina separates
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Fig 12. Bonatitan reigi gen et sp. nov. Holotype MACN-PV BN 821, photographs of the neural spine
of the middie dorsal vertebra in anterior (A) and pesterior (B) views. Scale bar represents 50 mm.

two deep lateral depressions (Fig. 12A). This por-
tion of the nearal arch preserves the left
postzygapophysis, which is extremely hollow as
ghown in figure 12, and its articular surface is
latero-venirally eriented.

Caudal vertebrae. The almost complete ante-
rior caudal vertebra (Figs. 13-15) and the neural
arch of a middle caudal vertebra {(Fig. 16) are
preserved: they are considered to belong to the
largest specimen (MACN-PV EN 821).

The anterior caudal vertebra (Figs. 13-15) is
strongly procoelous, having ball and socket ar-
ticular facets. The centrum is wide, short, high,
and bears a prominent axial ventral crest. This
feature is absent in the currently known
titanosaurs and is considered an autapomorphy
of Bonatitan. Saltasaurus, Neugquensaurus, and
Hocasaurus have the anterior caudal vertebrae
dorso-ventrally comipressed (Powell, 1986, 2003;
Fluene, 1929, Salgado & Azpilicueta, 2000) bear-
ing an axial ventral depression. In Rocasaurus
this depression is relatively deeper with an axial
septum.

On the lateral aspect of the anterior caudal
vertebhra, above the axial crest, the lateral sur-
face of the centrum is dorso-ventrally convex.
Only the bases of both diapophyses are preserved.
The circular shaped neural canal is longer than
those preserved in the caudal vertebrae of
Saltasaurus. The neural spine is low, similar to
Saltasanrus. The prespinal lamina (prel) is thin,
bearing weli-defined oval pits on hoth concave

lateral sides. The spinoprezygapophyseal (sprl
and the spinopostzygapophyseal (sposl) laminae
are well-defined, and between each there is a deep
and large interzygapophyseal fessa divided by a
sub-horizontal accessory laming (aclh). The dox-
sal interzygapophyseal {ossa extends dorsally,
above the level of the postzygapophysis. The ven-
tral interzygapophyseal fossa is smaller and shal-
fower, extending ventrally te the level of the
prezygapophysis. Ingide both fogsae there are
subcircular pits similar to those present lateral
to the prespinal lamina.

The prezyvgapophyses are anteriorly directed,
and the articular surfaces face dorso-medially. The
postrzygapophyses are located at £he level of the
posterior edge of the neural spine. The postspinal
lamina (postl) (medial gpinopostzygapophyseal
plus postspinal laminae, med. spol + posl, sensu
Wilson, 1999) is wider than the prespinal one.

The middle caudal neural arch (Fig. 16) is not
completely fused to the vertebral centrum, The
neural spine is short, robust but exiremely hollow,
and gteeply inclined backwards. The anterodorsal
corner of the spine is at the same level of the poste-
rior edge of the postzygaphophysis as in
Saltasawrus, Nenquensaurus, and Rocasaurus (Fig.
17). This feature was congidered a synapomorphy
of the Saltasaurinae (Salgado ef al, 1997a). The
prespinal lamina divides two deep depressions, as
oceurs in the neural arch described above. Inside
these depressions there are deep pits decreasing
posteriorly in size. A similar feature, but not as de-
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Fig. 13. Bonatitan reigi gern et sp. nov. Holotype MACN-PV RN 821, stereophotographs with
accompanying line drawing of the anterior caudal vertebra in anterior view, Scale bar represents 50
mm. Grey pattern indicates broken areas. Abbreviations: nc, neural canal; prel, prespinal lamina;
pr, prezygapophysis; sprl, spinoprezygapcphysial lamina.

Fig. 14. Bonatitan reigi gen et sp. nov. Holotype MACN-PV RN 3821, stereophotographs with
accompanying line drawing of the anterior caudal vertebra in lateral view. Scale bar represents 50
mm. Grey pattern indicates broken areas. Abbreviations: acl, accessory lamina; ns, neural spine;
pos, postzygapophysis; postl, postspinal lamina; pr, prezygapophysis, sposl, spinopostzygapophysial
lamina; sprl, spinoprezygapophysial lamina; ver, ventral crest.
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Fig. 15. Bonatitan reigi gen ef sp. nov. Holotype MACN-PV RN 821, stereophotographs of the ante-
rior caudal vertebra in posterior view. Scale bar represents 50 mm,

veloped as in this new species, is observed in the
middle caudal vertebrae of Neuguensaurus (Powell,
2003: Plate 38). The prezygapophyses are promi-
nent, antero-dorsally directed with the articular
surfaces dorso-medially exposed. The postspinal
lamina is more prominent and robust than the
prespinal one, Between both postzygapophyses,
at the base of the postspinal lamina, there is a
deep fossa similar to Neuguensaurus {(Powell,
20033,

Humerus. A complete left humerus (Fig. 18A})
was recovered and asgigned to the holotype. The
humerus is more siender than in Neuquensaurus
and Saltasaurus (FHuaene, 1929; Powell, 1988, 1992,
2003). The humeral head and deltopectoral crest
are poorly developed similar to Loplatasaurus
(Huene, 1929), Lirainosaurus (Sanz et l., 1999),
and Repetosaurus (Curry Rogers & Forster,
2001, instead, Neugquensaurus and Saltasaurus
have a more prominent head and robust
deltopectoral crest. The shaft is narrow and the
proximal end is wider than the distal one. The
proximal end is slightly rotated in relation to the

distal one. Both distal epicondyles are not well
developed. The humerus length relation with the
femur is approximately 0.8.

Ulna. The left ulna (Fig, 18B) is completely
preserved and belongs to the smaller specimen
{MACN-PV RN 1061). This element is more slen-
der than in Neuguensaurus snd Salicsaurus
(Huene, 1929; Powell, 1986, 1992, 2003). The
proximal end ig rugose, slightly convex and sub-
triangular, with a concave proximal border of the
radial fossa (Fig. 18B}. The olecranon process is
absent. Proximally, the antero-lateral surface of
the ulna is concave for the articulation with the
radius. The posterior surface of the shaft is al-
most plane and bears a ridge on its distal half
that ends near the distal end. The distal surface
is also rugese, rectangular in cross section, and
transversely narrower than the proximal end of
the bone.

Radius. A left radius is incompletely pre-
gerved and also belongs to the smalier specimen,
The proximal end is broken on the antero-me-
dial edge. The shaft is oval in cross section, and
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Fig. 16. Bonaiitan reigi gen ef sp. nov. Holotype MACN-FV RN 821, photographs of the middle
caudal neural arch in left lateral (A), dorsal (B), and right lateral () views, and accompanying line
drawing in lateral (D) and dorsal (B) views. Scale bar represents 50 mm. Abbreviations: ns, neural
spine; pos, postzygapophysis; postl, postspinal lamina; prel, prespinal lamina; pr, prezygapophysis.

the surface for ulna articulation is concave. Most
of the distal end is missing.

Femur. The holotype has preserved both
femora (Fig. 18C), and MACN-PV RN 1061 only
the ieft element. The femur is antero-posterioly
flat, bearing on the latero-proximal edge a slightly
marked bulge, as in other Titanosauriformes
{Salgado et al., 1997a; Wilson & Sereno, 1998). The
femoral head is rather medial than dorso-medi-
ally projected. The medial border of the femoral
head is more curved in MACN-PV EN 1061 {(asin
Saltasaurus and Neuquensaurus, Powell, 1886,
2003) than in the holotype. The greater tro-
chanter is located at the level of the head, and
the fourth trochanter is not evident. The tibial
condyle is more prominent and more distally de-
veloped than the fibular one as it is observed in
Neuguensaurus and Saltasaurus, but different
from Rocasqurus that has similar sized condyles
{Salgado & Aspilicueta, 2000). Both condyles are
expanded onto the anterior surface of the femo-

ral shaft; there is an intercondylar notch hetween
thern.

Tibia. Both tibiae (Fig. 18D) were recovered for
the holotype, while only the left one for the referred
material (Fig. 18K}, The tibia is nearly 12% smaller
than the femur, The proximal end is antero-poste-
riorly narrewer than in Neugquensausus snd
Saltasaurus (Huene, 1929; Powell, 1992, 2003), and
quite similar fo Laplatasaurns (Huene, 1929). The
cnemial crest is thin and poorly developed, differ-
ing from Neuquensaurus and Salfasarrus in which
it is robust and prominent. The distal end is trans-
versely broad as in other titanosaurs {Salgado ef
al., 1997a). The main axis of the proximal surface
has a relation of aproximately 902 with the main
axis of the distal surface, similar to Saltasaurus
and Neuquensaurus (Poweil, 1992; Sanz et al.,
1999).

Fibula. Only the complete left fibula (Fig.
18F) assigned to the holotype is preserved. This
is a relatively straight and slender bone with a
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Fig. 17. Comparison of middle caudal vertebra
among Titancsauridae in lateral view. A.
Aeolosaurus sp. {modified from Salgado & Coria,
1993}, B. Alamosaurus sanjuanensis (modified
from Gilmore, 1948); C. Neuquensqurus australis
{modified from Salgado & Coria, 1993); D.
Saltasaurus loricatus {(modified from Powell,
1992); . Recasaurus muniozi {modified from
Salgado & Azpilicueta, 2000); ¥. Bonatitan reigi
gen ef sp. nov. Scale bar represents 50 mm.

weak antero-lateral tuberosity located above the
middie of the shaft. The proximal articular sur-
face is triangular; in contrast, the distal cne is
oval. This bone is slightly shorter than the tibia.

Metatarsal I The left metatarpal I is agsigned
to the holotype specimen, This bone s short and
rcbust (Fig. 18G). The proximal surface is slightly
convex and subrectangular with the posterome-
dial corner postertoriy projected. The posterior
surface of the shaft is concave and the anterior
one is almost straight. The shaft is transversely
narrow. The distal surface is also rectangutar with
the lateral area distally projected. This metatar-
sal closely resembles that of Neuwquensgurus
{Huene, 1929) and Aeolosaurus sp. (Salgadoef al.,
1997h), with the shaft more slender than in
Antarctosaurus (Huene, 1029).

Metatarsal 111, This metatarsal is smaller in
comparison to metatarsal I and it is assigned to
the smaliest specimen (MACN-PV RN 1061} The
proximatl surface is triangular, antero-posteriorly
eiongated, and slightly convex. The distal sur-
face is rectangular and transversely wide. The
narrower section of the shaft is located in the
lower half of the bone. The anterior surface is
flat while the posterior one is strongly concave.

Comments of Bonatitarn reigi
The subfamily Saltasaurinae, proposed by
Powell (1986), was phyiogenetically defined as

the clade that includes the more recent common
ancestor of Neuguensaurus ausiralis and
Saltasaurus loricaius, and all its descendants

" (Salgado ef al., 1997a). This group was originally

diagnosed by Salgado ef al, (1997a) based on the
following derived features: a) shor{ cervical
prezygapophyses near the level of the diapophy-
ses; b) depressed anterior caudal centra, with
dorsoventrally convex lateral faces; and ¢) antero-
dorsal edge of the neural spine located posteri-
orly with respect to the anterior root of the
middle-candal postzygapophyses. In addition, the
presence of cancellous osseous tissue in presac-
ral and anterior caudal vertebrae was considered
another synapomorphy of Saltasaurinae (Powell,
1986).

Curry Roger & Forster (2001) interpreted
Saltasaurinae as a more inclusive taxon, which
includes Alamosaurus, Titanosaurus, Opistho-
coelicaudia, Neuquensaurus, and Saltasaurus.
These taxa were nested together due to the pres-
ence of four unambiguous traits: biconvex first
caudal centrum, deltopectoral crest reduced to a
low rounded crest, manual digits 11 and I1T with-
out phalanges, and proximal breadth of the tibia
mere than twice it midshaft breadth (Curry
Roger & Forster, 2001), Wilson {2002: 269) in-
terpreted Saltasaurinae as composed by
Neuwguensaurus plus Saltasaurus, sharing four
uneguivocals features: cervical neural arch lami-
nation well developed; spongy caadal bone tex-
ture; posterior caudal centra dorso-venirally flat-
tened, and femoral distal condyles expozed on the
anterior portion of the femoral shaft. Thig sub-
family, together with Opisthocoelicaudiinae, com-
prise the family Saltazauridae proposed by
Sereno (1998) in replacement of Titanosauridae.

Later, in order to clarify the term Tita-
nosauridae, Salgado (26G3) reviewed and estab-
lished a new taxonomic proposat for the higher-
taxa of Titanosauria. In his work, the family
Titanosauridae was justificated as a valid name,
ingtead of Saltasauridae (see Salgadoe, 2003). Also,
Salgado (2003) redefined Saliasaurinae as all the
eutitanosaurs closer to Saltasaurus than to
Opisthocoelicaudia (following the interpretation
of Sereno, 1998, Wilson, 2002; Wilsen &
Upchurch, 2003). In addition, Saltasaurinae and
Opisthocoelicaudiinae {Sereno, 1998) are nested
within the stem-based taxon Eutitanosauria {pro-
posed by Sanz et al., 1999},

Hitherto known, following the latter phylo-
genetic definitions of Saltasaurinae (sensu
Sereno, 1998; Wilson, 2002; Salgade, 2003; Wil-
son & Upchurch, 2003}, the members are
Saltasaurus loricatus from the Campanian-
Maastrichtian of the El Brote Formation (Salta
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Fig. 18. Bonatitan reigi gen et sp. nov. Holotype MACN-PV RN 821, photographs of A, left humerus
in posterior view; B. left ulna in posterior and proximal views; C. left fernur in anterior view; D. left
tibia in lateral and medial views; E. left tibia in iateral view (juvenile specimen MACN-PV RN
1061); F left fibula in lateral view,; G. left metatarsal T in lateral, medial and posterior views. Scale
bar represents 50 mm. Figs. A, C-F are at the same scale.
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Province, Argentina; Bonaparte & Powell, 1980,
Powsll, 1986, 1992}, Neuquensaurus australis
from the Coniacian-Santonian of the Bajo de la
Carpa Formation {(Neuguén Province, Argentina;
Lyddeker, 1893; Huene, 1929; Powell, 1992}, and
Rocasaurus muniozi from the Campanian-
Maastrichtian of the Allen Formation {Rio Ne-
gro Province, Argentina; Salgade & Azpilicueta,
2000).

Bonatitan reigi shares the typical titano-
sauriform feature of a lateral bulge in the femur
{McIntogh, 1990; Salgado ef al., 1897a); and
titanosaur features, including eye-shaped
pleurocoels in dorsal vertebrae, posterior dorsal
vertebra with ventrally wide centrodiapophyseal
and centroparapophyseal laminae and procoelous
anterior caudal centra {Calvo & Bonaparte, 1991;
Bonaparte & Coria, 1993; Salgado et al., 1997a;
Wilson, 2002).

Bonatitan reigi is here considered as a new
Saltasaurinae because it exhibits the following
diagnostic features of the subfamily: 1) Anfero-
dorsal edge of the neural spine at the posterior
level of the postzygapophyses in: the middle cau-
dal neural arch (Fig. 16). Contrary, other non-
saltasaurine titanosaurids such as Aeolosaurus
(Powell, 1987a; Salgado & Coria, 1993; Salgado
et al., 1997b) and Alamosaurus (Gilmore, 19486)
have the neural spine dorsally or anterioriy pro-
iected (Fig. 17). 2) Distal femoral condyles ante-
riorly exposed. This feature was also recognized
in Rapetosaurus (Curry Rogers & Forster, 2001).
37 Cancellous osseous tissue in the presacral and
caudal vertebrae, mainly observed in the neural
arches. Other synapomorphies of Saltasaurinae
such as the presence of short cervical prezyga-
pophyses and depressed proximal and middle cau-
dal centra is unknown in the two available speci-
mens of Bonatitan. The only caudal centrum pre-
served in Bonatitan is not dorso-ventrally de-
pressed, instead it bears a prominent axial crest
on the ventral surface that is interpreted to be an
autapomorphy of this new species.

Among saltasaurines, the appendicular bones
of Bonatitan reigi are more slender than those
of Saltasaurus and Neuguensaurus, taxa in which
these elements have a more robust aspect with
well developed processes (e.g., ¢nemial crest in
the tibia). The femur is the only appendicular
bone that can be compared with Rocasaurus; it
is quite similar in both species, only differing in
the relative size of the distal condyles (in
Rocasaurus are almost egual, whereas in
Bonatitan the medial condyle is larger than the
lateral one). Thus, the appendicular bones of
Bonatitan (and also of Rocasaurus) show a more
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basic plan, common with other titanosaurids such
as Laplatasaurus and Rapetosaurus.

The presence of spinoprezygapophyseal and
spinoposizygapophyseal laminae in the anterior
caudal vertebra of Bonaiilan is a feature also re-
ported in Mendozasaurus neguyelap (Gonzélez
Riga, 2003), Lirainosaurus astibice (Sanz ef al.,
1999), and Rapetosaurus krauset {Curry Rogers
& Forster, 2001). Furthermore, the presence of
an interzygapophysial fossa in the anterior cau-
dal vertebrae was recognized in Liraincsaurus
(Sanz et al., 1999), Mendozasaurus (Gonzilez
Riga, 2003), and less developed in Malawisaurus
{Gomani et al., 1999). These characters that show
a significant varialion among species need to be
re-analized in order fo understand their evolu-
tionary transformation among titancsaurs.

Despite the large number of titanosaur spe-
cies discovered around the world, only few speci-
mens have preserved cranial elements. Skull bones
are known in Antarctosaurus wichmannianus
(Huene, 1929), Saltasaurus loricatus {Powell,
1986, 1992), Malawisaurus dixevii {Jacobs et al.,
1993), Nemegtosaurus mongolienisis {(Nowinski,
1971}, Quaesttosaurus orientalis (Kurzanov &
Bannikov, 1983}, Rapetosaurus krausei {Curry
Rogers & Forster, 2001, 2004), Lirainosaurus
asiibiae (Sanz ef al., 1999), and unnamed taxa
from India (Berman & Jain, 1982}, Europa (Le
Loeuffet al., 1989; Weishampel ef al., 1991), and
Argentina (Calvo et al., 1997a; Martinesz, 1598;
Coria & Salgado, 1999). Controversial hypotheses
concerning the skull morphology (a dipledacid or
camarasaurid aspect), orientation and relation-
ship of the skull bones (McIntosh, 1990; Calvo,
1994; Jacobs ef al., 1993, Salgado & Calvo, 1997,
Upchurch, 1995, 1999} were pariially clarified
after the discovery of Rapetosaurus krousei
(Curry Rogers & Forster, 2001, 2004; Wilson,
2002), which has the best preserved and fairly
complete skull among titanosaurs.

The skull of Bonatitan shows some differences
with regards to Seltasaurus, including unfused
basipterygoid tubera of the basisphenoid (in
Saltasaurus these are thick and fused; Powell,
1992, 2003); paraoccipital process located at the
same level of the occipital condyle {in Saltascurus
they are below that level); and reduced and pos-
teriorly placed carotid foramen. In Bonatitan, the
basipterygoid tubera are twice dorso-veniraily
longer than transversely; in contrast, Antare-
tosaurus and Rapetosaurus have robust and short
tubera almost as long as wide (Huene, 1829;
Curry Rogers & Forster, 2004}, The basipterygoid
processes of the basisphenoid are divergent in
Bongtitan, while in Antarctosaurus they almost
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form a straight angle and in REopetosaurus they
are almost parallel. In consequence, the main axis
of the basipterygoid tubera coincides with the
main axis of the hasipterygoid processes in
Antarctosaurus, while in Bonafitan and
Rapetosaurus the basipterygoid tubera are more
divergent than the basipterygoid processes,

Among titanosaurids oaly Bonaiitan,
Saltasaurus, Antarciosaurus, and Rapetosaurus
have a large trigeminal foramen (CN V). This
foramen is very reduced in Quaesitosaurus
{Kurzanov & Bannikov, 1983) and the other non-
fitanosaurid necsauropod (e.g., Madsen et al,,
1995; Berman & McIntosh, 1978). The optic fo-
ramen is relatively large in Bonatitan, Salia-
saurus, Quaesttosaurus, and Eapetosaurus while
it is reduced in other neesauropods such
as brachiogaurids or dicraeosaurids. The over-
all comparison with others titanosaurids sug-
gest that the cranial morphology of Bonatitan
represents a generalized fitanosaurid mor-
phology.

SAUROPOD EGGS

The knowledge about sauropod eggs and nest-
ing behavior increased distinctively over the last
few years in South America {e.g., Powell, 19874a;
Chiappe ef al., 1998; Casadio ef al., 2002). One of
the most important locality from South America
is Auca Mahuevo (northern of Neuguén Provines;
Anacleto Forraation) in which abundant sauro-
pod eggs and embryos in situ has been discov-
ered (Chiappe ef al., 1998). Additional Cretaceous
eggshell remains have been found in the Rio Colo-
rado (Calvo et «l., 1997h), Los Alamitos (Powell,
1987a), Allen (Powell, 1987¢, 1991), Colorado
(Casadio et al., 2002}, and Los Blanqguitos (Powell,
1994) formations of Argentina; the Mercedes
Formation of Urnguay {(Mones, 19807; the Bauru
Group of Brazil (Price, 1951); and the Vilguechico
and Bagua (e.g., Sigé, 1968) formations of Perq,
Both the Megaloolithidae and Faveollolithidae
oofamilies were recognized in these beds (e.g.,
Mones, 1980; Powell, 1987a & ¢, 2003; Chiappe
et al., 1998; Casadio ef al., 2002). The eggshells
preliminary reported from the Allen Formation
were assigned to Sphaerovum erbeni (Fa-
veollolithidae) (Casadio ef ol., 2002). In 1690 a
great abundance of eggshells and nests in the
area of the Bajo de Santa Rosa in the upper mem-
ber of the Allen Formation were discovered indi-
cating an ifmportant sauroped nesting ground.
Posteriorly to the discovery, this region was
looted and the fossiliferous richness of eggs and
eggshells decreased drastically.
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Favecloolithidae Zhao & Ding, 1976
Sphaerovum erbeni Mones, 1980
(Fig. 19)

Referred Material. MACN-PV RN 1088 thou-
sands of isolated eggshell fragments and seven
eggs almost complete.

Description. The eggs are spherical and the
diameter varies from 180 to 210 mm. The egg-
shells are thick and vary from 5 to 6 mm. The
morphotype is filispherulithic {small narrow
spherulites that converge one with another leav-
ing surrounding pores; Mikhailov, 1991); the egg-
shells have a multicanaliculate pore system
(Mikhailov, 1991},

Coniments. The eggshells here deseribed have
a filispherulithic morphotype, a multicanaliculate
pore system, and compactitiuberculate external or-
namentation, a set of features diagnostic of the
species Sphaerovum erbeni Mones {Casadio et al.
2002). The filispherulithic morphotype character-
izes the Faveoloolithidae cofamily (Mikhailov,
1991).

Megaloolithidae Zhao, 1976
Glen. ef sp. indet.

Referred Material. MACN-PV RN 1096: frag-
ments of egpshells and eight partial eggs.

Description. These eggshells are thin (about 2
mimn trick) and scarcer than the Faveoloolothidae,
The more complete egg is subspherical, approxi-
mately 120 mm in diameter. The external surface
is covered with spherical, dome-shaped tubercies
that are tightly in contact each other. This type of
compactituberculate ornamentation is common in
Megaloolithidae taxa (Mikhailov, 1991), as weli as
in Sphaerovum erbeni (Faveoloolithidae; Casadio
et al., 2002). The morphology of the shell in these
remains is tubospherulithic {shell units sharply
separated defining tuberculous elevations on the
external surface; Mikhailov, 1991), and has a
tubucanaliculate pore system.

Comments. The tubospherulitic morphology
of these remains suggests megaloolithid affini-
ties and clearly indicates the presence of another
taxon different to Sphaerovim erbeni.

THEROPODS

The reeord of theropod dinosaurs in the Allen
Formation is scarce in comparison with other
Cretacecus formations of Patagonia. The
theropeds described from the Allen Formation
are the abelisaurid Quilmesaurus curriei {Coria,
2001; Kellner & Campos, 2002), and a yet
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undescribed deinonychosaurian (Novas et al.,
200380) from Bajo de Santa Rosa. Abelisaurus
comahuensis was originally considered as ecom-
ing from the Allen Formatien (Bonaparte & No-
vas, 1985), but according {0 recent geological
studies this taxon belongs to the older Rie Colo-
rado Subgroup (Ieredia & Salgado, 1999).

Saurischia Seeley, 1888
Theropoda Marsh, 1881
¢f Carcharodontosauridae Stromer, 1931
Gen. el sp. indet,
{(Fig. 20A)

Referred Material. MACN-PV RN 1086: an
isoiated tooth.

Description. The only non-avian therepod re-
maing reported in this present study consists of
a small serrated tooth represented by a fragmen-
tary crown {(Fig. 20A). For descriptive purposes
the most convex serrated edge is interpreted as
mesial and the most flat surface of the tooth as
lingual (ie., the tip of the tooth is inclined dis-
tally and lingually).

The preserved crown height is 19 mm, witha
maximum mesio-distal widih of 11 mm at the
base. The mesial carina is slightly more curved
than the distal one. The carina bears about 9
denticles in b mm. Well developed blood grooves
are present between succesive denticles as occurs
in Carcharodontosauridae, Tyrannosauridae,
Dromaeosauridae, and Allosaurus {e.g., Currieet
al., 1990;. The crown is transversely narrow at
the top, hut wide at the botton. The labial suy-
face is dorso-ventrally and mesio-distally convex.
The tip of the crown is slightly inclined linguaily.
On both surfaces, close to the mesial and distal
edges the enamel is wrinkled, forming obliquely
oriented bands that extend from the carina te
the midline of the crown. These bands are more
evident on the lingual side (Fig. 204).

Comments. The wrinkled condition of the
enamel leads us to consider this specimen as
¢f. Carcharcdontosauridae, a feature that was
interpreted as diagnostic for the family {e.g.,
Sereno ef al., 1996; Larsson, 1996; Candeiro,
2002}, Nevertheless, it is worth mentioning
that carcharodontosaurid teeth has a height of
approximately 100 mm, differing considerably
with regards to the very small taxon described
here.

The most complete record of Carcharo-
dontosauridae in Patagonia is Giganotosaurus
carolinii (Coria & Salgado, 1995) represented by
an almost complete skeleton from the Albian-
Cenomanian Candeleros Formation of Neuguén.
Iz addition, isclated iteeth and skeletal remains
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Fig. 19. Sauropod eggshell. MACN-PV RN 1088,

detail of the external surface of the eggshell of
Sphaerovum erbeni Mones. Scale bar represents
2 mm.

assigned to this family were reported from the
Cerro Barcino (Aptian; Chubut Province; Novas
& de Valais, 2001; Vickers-Rich ef al., 1999),
Candeleres {Alblan-Cenomanian; Rio Negro) (de
Valais & Apesteguia, 2001), Mata Amarilla
(Turonian; Chubut Province; Novas ef af., 1999},
and Anacleto (S8antonian; Neuguén Province;
Aleober et al., 1998) formations. Furthermeore,
teeth referred as Carcharodentosauridae were
collected from the Sio Luis Basin (Cenomanian;
Norther Brazil, Vilas-Boas et al., 1999), and
Adamantina (Turonian-Santonian) and Marilia
(Maastrichtian) formations from Sao Paulo and
Minas Gerais (Brazil; Candeire, 2002; Candeiro
et al., 2002). :

The Abelisauridae is another well known fam-
ily of basal neotherepods widely decumented in
the Late Cretaceous of Patagonia (Bonaparte,
19971; Bonaparte & Novas, 1985; Bonaparte ef al.,
19490; Coria et al., 2002). Abelisaurid teeth lack
wrinkled enamel near the carina and lack blood
grooves between denticles (Bertini, 1996;
Bittencourt & Kellner, 2002).

The record of a tentatively Carcharodon-
tosauridae in the Allen Formation at the Bajo de
Santa Rosa locality is a significant find because
the large sized members of this family {e.g.,
Giganotosaurus carolinii, Carcharodontosairus
saharicus; Coria & Salgado, 1995; Sereno ef al,
1996}, which proliferated during the Aptian-
Turonian times in South America snd Africa, are
poorly represented in the fossil record during the
Coniacian to Maastrichtian times.

If the wrinkled enamel of carcharadontosaurids
is a diagnostic trait not recordered in others
nectheropod taxa, this tooth could represent the
first record of the family in the Campanian-
Maastrichtian of Patagonia, and together with
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those specimens from the Maastrichtian Marilia
Formation (Brazil; Candeiro et al., 2002) may sug-
gest the persistence of this family throughout the
uppermost Cretaceous in South America.

ORNITHISCHIANS

The occurrence of ornithischian dinosaurs in
the Allen Formation is based on vertebral and
sacral remains of a Lambeosaurinae (Powell,
1987h) and a few isolated bones and dermal plates
of a probable Nodesauridae (Ankylosauria) from
Salitral Moreno, Ric Negro Province {(Salgado &
Coria, 1996; Coria & Salgado, 2001), and frag-
mentary posteranial elements of a Hadrosauridae
(closely related to Kritosaurus qustralis) from the
west of La Pampa Province (Gonzdlez Riga &
Casadie, 20600).

In the Los Alamitos Formation several skel-
etons of Kritosaurus australis (Bonaparte et al.,
1984; Bonaparte & Rougier, 1987) have been dis-
covered, representing the best-known record of
this group for the Late Cretacecus of Seuth
America. Fragmentary remains of indeterminated
Hadresauridae were also reported from the Paso
del Sapo {Chubut Province, Apestegula &
Cambiaso, 1999}, Coli Toro (Rio Negro Provinee;
Coira, 1979), and La Colonia (Hill et al., 2002} for-
mations.

Ornithischia Seeley, 1888
Ornithopoda Marsh, 1871
Hadrosauridae Cope, 1869
Gen. et sp. indet.
(Figs. 20B-C)

Referred Material, MACN-PV RN 1085: five
maxillary fragments and several tooth fragments.

Description. The best preserved fragment of
a maxilla (Fig. 20B) recovered at Bajo de Santa
Rosa shows same-sized alveolii located close to
each other and separated by alveolar septa. De-
spite the lack of synapomorphies, the morphol-
ogy and size of the maxilla resembies that ob-
served in some ornithoped hadrosaurs, such as
Kritosaurus australis (Bonaparte et al., 1984;
Bonaparte & Rougier, 1987) from the Los Alamitos
Formation. The teeth are poorly preserved; in the
enameled labial surface they have a strong me-
dian carina (¥Fig. 20C) that iz only present in
Hadrosauridae (Weishampel & Horner, 1990).

DISCUSION
Palecenvironmental aspects

The Allen Formation is exposed in La Pampa
and Rio Negre Provinces {Argentina). This unit
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has previcusly provided Elasmoszauridae plesio-
saurs (near Lago Pellegrini; Gasparini & Salgado,
2000); Lambeosaurinae (Salitral Morene; Powell,
1987b), Hadrosauridae {(Puelén; Gonzdlez Riga
& Casadio, 2000), and Nodoesauridae (Salitral
Moreno; Balgado & Coria, 1996, Coria & Salgado,
2001) ernithischians, the abelisaurid Quilme-
saurus curriei (Salitral Ojo de Agua; Coria, 2001),
a deinonychosaur (Bajo de Santa Rosa; Novas et
al., 2003b), and the Carinatae bird Limencvis
patagonica {Salitral Moreno; Clarke & Chiappe,
2001}; the titanosaurids Aeolosaurus sp. (Salitral
Moreno; Salgado & Coria, 1993) and Rocasaurus
muniozi (Salitral Moreno; Salgado & Azpilicueta,
2000}; sauropod eggs remains (Powell, 1887c¢,
1981, 2003); and isolated mammal teeth (Rougier
et al., 2003). The vertebrate taxa studied here
increase the knowledge of many taxenomic
groups of vertebrates for the Allen Formation
(see Tables 1-2, and Fig. 21) and provide new data
about the vertebrafes that inhabited South
Ameriea during the Campanian-Maastrichtian.

Armong the families identified here, specimens
of continental (terrestrial and fluvial) and ma-
rine environments are documented. Fresh wa-
ter taxa include Diplemystidae, Percichtyidae,
Lepisosteidae, dipnoan lungfishes, pipid frogs,
and chelid turtles, whereas terrestrial taxa in-
clude madtsoiid snakes, sphenodonts, hadro-
saurid, theropod, and titanosaurid dincsaurs,
Living leptodactylids inhabit both terrestrial as
well as freshwater environments; nevertheless,
the closer affinities between the specimens of the
Allen Formation and the strictly aquatic living
genus Caudiverbera that lives in rivers and
streams (Cei, 1962) suggests the presence of an-
other freshwater taxon.

The marine taxa are scarce and fragmentary,
and represented by at least one taxon of
Elasmosauridae plesiosaur. Within plesiosaurs,
this family was interpreted as related to coastal
environments (Gasparini et al., 2001); disarticu-
lated remains arve frequently found in association
with continental vertebrates {o.g., Gasparini &
Salgado, 2000; Gasparini ¢ al., 2001},

Some of the dinosaurs found at Bajo de Santa
Rosa are often associated with mixed enviren-
ments. Hadrosaurids and some sauropods were
frequently recovered in coastal marine environ-
ments {e.g., shallow marine or estuariat depos-
its; Horner, 1979; Lucas & Hunt, 1989,
Weishampel & Horner, 1990; Dodson, 1990,
Lépez-Martinez ef al., 2000). The two types of
eggs (Faveoloolithidae and Megaloolothidae) re-
corded at Bajo de Santa Rosa have highly perous
eggshells; according to Seymour (1979} they must
be restricted to a water-satured atmosphere or
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Fig. 20. Theropod. A. MACN-PV RN 1086, tooth of of Carcharodentosauridae indet. in lingual view
(arrow indicates mesial gide). Ornithopod. B. MACN-PV RN 1085, fragment of maxilla of
Hadrosauridae indet. in lingual view; C. fragment of tooth of Hadrosauridae indet. Scale bar

represents 5 mm in A and C, and 10 mm in B.

wetlands (e.g., Seymour, 1979}, Megaloolithidae
remains were frecuently documented in low-gra-
dient ffoodplain enviropments in the Rio Colo-
rado Subgroup of Neuguén (Dingus et al., 2000)
as well as in tidal flats {niear sea shore) environ-
ment from the Late Campanian of Spain (Lopez-
Martinez ef af., 2000). Thus, both types of egg-
shells indicate a wet and low land environment.

The evidence of the vertebrates presented
here collected ai Bajo de Santa Rosa is congru-
ent with the paleoenvironmental reconstruction
of the Allen Formation based on geological stud-
ies: a continental environment developed close
to a marginal-litoral place (Andreis et al., 1974
Casamiquela, 1978; Uliana & Dellapé, 1981,
Barrio, 1950; Casadio, 1994; Gonzélez Riga &
Casadio, 2000). This palecenvironmental recon-
struction explains the mixed association of ver-
tebrates composed by terrestrial, freshwater, and
marine coastal taxa.

In addition to the vertebrate remains recov-
ered at Bajo de Santa Rosa, fossil wood (Andreis
et al., 1981}, palm fruit (Anciborn, 1995), and two
species of Podocarpaceae conifers (Circoporoxylon
gregussii and Podocarpoxylon garciae; Del Fueyo,
1998) in the Allen Formation indicate the pres-
ence of a continenial environment,

The invertebrate fossils such as gastropod,
bivalves, ostracods, briozoans, and foraminifera
coliected near the Bajo de Santa Rosa, Salitral

Ojo de Agna, Cerro Mesa, Bajo de Los Menucos,
and Lago Pellegrini localities suggest fresh wa-
ter to salty lagoons; whereas the presence of the
briozoan Fungela in some localities {Salitral Gjo
de Agua and Lago Pellegrini) into the uppermost
jevel of the Allen Formation (near the contact
with the marine Jagiiel Formation) indicates
marine conditions (Wichmann, 1927; Ballent,
1980; Naiez & Concheyre, 1996; Echevarria,
1999; Nahez, 1999). As previously mentioned, it
is clear that the Allen Formation (and also the
Loncoche Formation) represents the transition
between the fully continental Neuguén Group
and the fully marine Jagiiel Formation (Malargile
Group) in northern Patagonia (e.g., Page et al.,
1999; and references here cited).

Comments about Campanian-
Maastrichtian South American vertebrate-
bearing formations

Most of the vertebrates discovered in the
lower member of the Allen Formation represent
taxonemic groups of Gondwanan affinities
{Bonaparte, 1986h) such as Diplomystidae,
Pipidae, Leptedactylidae, Chelidae {(that during
the Cretaceous only inhabited the Patagonian
region; Broin & de la Fuente, 1893}, Madtsoiidae,
¢f. Carcharodontosauridae, and Saltasaurinae,
and the influence of Laurasic components such
as Hadrosauridae and Nodosauridae. This mix-
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Fig. 21. Squematic reconstruction of the landscape at Bajo de Sania Rosa, Rio Negro Province,
Argentina, during the Late Cretacecus Allen Formation. Drawing made by Jorge L. Blanco.

ture of taxa has been correlated with the con-
nection between South America and North
America through Central America at the end of
the Cretaceous (e.g., Anderson & Schmidt, 1983;
Bonaparte, 1986h).

The available evidence from Campanian-
Maagtrichtian vertebrate-bearing formations of
South America provide a more complex and di-
verse vertebrate association than that reported
uniil the present in other Gondwanan localities,
The entire information available from several
units of South America such as the Loncoche, Los
Alamitos, La Colonia, Los Blanquitos, Yacoraite,
Ei Molino, Adamantina, and Marilia formations
show a similar fossi} vertebrate composition, with
relatively few differences between the
Patagonian and extra Patagonian South Ameri-
can records {Table 3).

The Loncoche Formation (Late Campanian-
Early Maastrichtian) extends over southern
Mendoza Province and the west of La Pampa
Province. Recent fieldworks provided signifi-
cantly new vertebrate data (Gonzalez Riga, 1999).
These findings include: Rajiformes, Leépisostei-
dae, Percoidei, Teleostei, Ceratodontidae, ?Lepto-

dactylidae, Chelidae, Plesiosauria, TMadtsoiidae,
Titanosauria, Theropoda, and Hadrosauria.
The Los Alamitos Formation (Campanian-
Maastrichtian) is exposed over the southeast of
Rio Negro Province (Bonaparte ef al., 1984). The
vertebrate assemblage is widely diverse; the taxa
recovered include Batoidea, Semionetidae,
Lepisosteidae, Siluriformes, Perciformes, and
BDipnoi (Cicne, 1987); Pipidae and Leptodac-
tytidae (Baez, 1987), Meiolanidae and Chelidae
(Broin, 1987); Madtsotidae (Albino, 1986, 1987,
1994), Hadrosauridae (Bonaparte ef al., 19584,
Bonaparte & Rougier, 1987); Titanosauridae
{Powell, 1987a; Salgado et al., 1997b}; and diverse
groups of non-iribosphenic mammals (Bona-
parie, 1986a, 1887, 1990, 1992, 1994, 2002).
The I.a Colonia Formation (Campanian-
Maastrichtian) is exposed in the north-central
Chubut Province (Pascual ef al., 2000), Fossil ver-
tebrates include Diplomystidae (Boveon, 2002);
Hlasmosauridae and Polycotylidae {Gasparini &
de la Fuente, 2000}, Meiolanidae and Chelidae
{(Gasparini & de la Fuente, 2000); Madtseiidae
(Athino, 2000); Crocodyliformes (Hill ef al., 2002},
Abelisauridae and Hadrosauridae (Bonaparte et
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Table 3. Comparison of the fossil vertebrates of several continental Late LreLaceous Formations of South America.
In black are highlight taxa with brackish or marine affinities.

" Revisia del Museo Argeniino de Ciencias Naturales, n. s, 6 (2), 2004

foncoche Allen Tos La Saita £l Bauru
Alamites Colonia Group Moline Group
Rajiformes ® * * *
Chondrichthyes indet, ® * * * *
Pycnedontiformes: Pycnodontidae * *
Semionotiformes: Semionotidae ® *
Lepisosteiformes: Lepisosteidae & ¥ * * *
Osteoglossiformes: Osteoglossidae * *
Characiformes ® *
Siluriformes: Ariidae *7 *
Situriformes: Diplomystidae * * * a
Siluriformes: Andinichthyidae ®
Siluriformes: Doradidae *7 '
Siluriformes indet. * * * * * *
Perciformes indet. * * * = |
Perciformes: Percichthyidae *? *9
Di§)1101 * * #* * * # ¢
Anura: Pipidae ¥ * i 1
Neobatrachia: Leptodactylidae ®7 * * * ® ¢
Chelonia: Podoenemididae # * £
Chelonia: Chelidae * * * * 4
Chelonia: Meiolanidae ® * (
Lepidosauriformes: Sphenodontia * * ;
Plesiosauria: Elasmosauridae * # * i
Plesiosauria: Polycotylidae * 1
Serpentes: Madtsotidae *? * * * * ]
Serpentes: Anilividea * G
Mesoeucrocedylia * * * ® [
Theropoda: Abelisaurcidea K * * * * 1
Theropoda: Carcharodontesauridae *2 *7 I
Theropoda: Spinosauridae * ‘E
Avialae * ® é
Sauropeda: Titanosauridae * ® * * * * * .E
Oraithepoda * * * * * * = &
Ankylosauria * #
Mammalia: Dryclestoidea * * * Te
Mammalia: Gondwanatheria * A
Mammalia: Multitubereulata * * r
Mammalia: Butheria *? E
n
o
. o
al., 1990; Hill et al., 2002) and Reigitheridae a Pipidae was described (Reig, 1959, Baez, 1981). t
{Pascual ef al., ZGGO) Dryolestida, and Multi- From the Los Blanquitos Formation (Pirgua Sub- P
tuberculata (Rougler et al., 2000, 2001). group) & fragment of titanosaurid {(Powell 1979; ir
Several Campanian-Maastrichtian units Powell, 2003) and a maniraptoran (Powell, 1979; P
{Saita Group) in northwest Argentina have pro-  Novas & Agnolin, 2004} were described, From the &
vided continental vertebrate remains. From the Yacoraite Formation (Balbuena Subgroup), a]

Las Curtiembres Formation (Pirgua Subgroup)

Rajiformes (Powell, 1979); Siluriformes (Cione
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et al., 1984; Cione & Pereira, 1985); Pycno-
dontiformes (Benesdetto & Sanchez, 1971
Fusuchia (Gasparini & Bulfetaut, 1980); and di-
nosaur and bird tracks (Alonse & Marquillas,
1986) were reported. From the Lecho Formation
{Balbuena Subgroup), Titanosauridae Saitasau-
rine, Noasauridae, Enantiornithine, a possible
oviraptorosaur, and indeterminate nonavian
theropod teeth (Bonaparte & Powell, 1980;
Chiappe, 1993; Frankfurt & Chiappe, 1999) were
reported.

The El Molino Formation (Puca Group;
Maastrichtian-Danian) extends over the scuth-
center of Bolivia (Gayet ef af., 1991}, The verte-
brates were broadly described and discussed in
several works (e.g. Gayvet, 1991; Schultze, 1991a
& b; Gayet & Meunier, 1998; Gayet ef al., 2001,
2003). An overview of all faxa recovered from the
El Moline Formation is available in Gayet ef al.
(1991; 20601 and references; see Table 3).

The Bauru Group represents one of the rich-
est tetrapod assemblages of Upper Cretaceous of
Brazil (Turonian to Late Maastrichtian) that
extends over the states of Golds, Mato Grosso do
Sul, Minas Gerais, Parand, and 840 Paulo. In the
Adamantina (Turonian-Santonian) and Marilia
(Late Maastrichtian) formations many fossil ver-
tebrates were recovered including: Bipnoi,
Lepisosteidas, Osteoglossiformes, Characi-
formes, Perciformes, and Siluriformes {Gayet &
Brito, 1989); Leptodactylidae (Baéz and Peri,
1989); Pedocnemididae (e.g., Kischlat et al., 1994);
guania (Estes and Price, 1973); Anitioides (Zaher
et al., 2003); TPlacentaria (Bertini ef af., 1993),
Mesceucrocodylia (e.g., Price, 1950; Carvatho &
Bertini, 1999); Abelisauridae (e.g., Bertini, 1996,
Santucer & Bertini, 2001; Kellper & Campos,
2002y; Carcharodentosauridae (Candeiro, 20602);
Spinosauridae (Candeiro ef al., 2002); and
Titanosauridae {e.g., Arid & Vizzoto, 1971; Kellner
and Azevedo, 1999, Powell, 2003).

A preliminary comparison at a supragenerical
level suggest strong affinities among the South
American vertebrate-bearing units (Table 3).
Nevertheless, some taxonomic groups are only
restricted to one geographical region; for example
Chelidae, Meiolanidae, Sphenodontia, Gondwa-
natheria, and Multituberculata are until now
only recognized in Patagonia. These differences
observed in the taxonomic compositon of the ver-
tebrate assemblages of Patagonjan and exira-
Patagonian regions could be artificial due to the
insufficient fossil remains recovered in some non-
Patagonian fossil localities or it could respend to
different palecenvironmental conditions devel-
oped in distant geographical areas.
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The case of mammals

The Megozoic mammals are a relatively re-
cent group of vertebrates recovered in South
America (Bonaparte & Soria, 1985) that have
provided new data about the evolution of the
mammalian clades in Gondwana. The richest lo-
calities of South America are the Campanian-
Maastrichtian Los Alamitos and La Colonia for-
mations {e.g., Bonaparie, 1994; Pascual et al.,
2000); other units (Allen, El Molino, and
Adamantina formations) until now only have
provided few and isclated remains (Bertinief al.,
1993, Gayet et al,, 2001; Rougier ef al., 2003;).
The mammalian Campanian-Maastrichtian
record of South America includes: Dryolestoidea
{Mesungulatidae, Reigitheridae, and Dryoles-
tidae), Triconodonta, Gondwanatheria, and
Multituberculata (e.g., Bonaparte, 1986a, 1987,
1680, 1992, 1994, 2002; Pascual ot of., 2000,
Rougier ef af., 2000, 2003). The mamimalian
record from the Adamantina Formation consist
of a fragmentary lower jaw, which was originally
described as a placental mammal (Bertini et al.,
1993}, Nevertheless, hased on the fragmentary
nature of the specimen this assignation should
be evaluated cautiously.

The Dryolestoidea is at the moment the most
diverse and largely documentfed group of non-
tribosphenic mammals recognized in geveral Late
Cretaceous localities of South America.
Campanian-Maastrichtian Patagonian dryoles-
toids are widely documented in the Los Alamitos
(Bonaparte, 1986a, 1990, 2002} and La Colonia
formations (Rougler et of., 2000, 2001), and only
a few specimens were recently found in the Allen
Formation (Rougler et al., 2003).

Older possible dryolestoid reports from
Patagonia come from the Santonian Portezuelo
Formation (Neuquén Group; Neuguén Province;
Coria ef al., 2001; Coria, personal communica-
tion); in additipn, another specimen originally
described as a probable marsupial (Gein ef al.,
1986) from the Anacleto Formation (Neuquén
Group; Paso Cordova, Rio Negro Province) could
he tentatively assigned to the Dryolestoidea. The
Jjaw of the Paso Cérdova specimen is high with
the ventral edge slightly convex and transversely
rounded, the masseteric fossa is deep, the lingual
alveolar level is set notably more ventrally than
the lingual one, the alveoli decrease backwards
and are trangversely wide and very antero-pos-
teriorly short resembling the condition of La
Colonia dryolestoids {Rougler ef al., 2000) and
Peligrotherium tropicalis (Bonaparte ef al., 1993;
Gelfo & Pascual, 1999) from the Early Paleocene
«Banco Negro Inferior» of the Salamanca For-
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mation (Chubut Province, Argentina). These fea-
tures suggest that the mammal of the Anacleto

Formation probably corresponds to a dryolestoid. -

Analyses based on the mammalian fossil recerd
of the Los Alamitos and La Colonia formations
have considered that they are probably endemic
te Patagonia (Enson & Sigogneau-Bussell, 1998;
Rougier ef al., 2000, 2001). In contrast, Bonaparte
(2002), based not only on the record of mammals
hut also in other vertebrates, criticized this hy-
pothesis concluding that the Patagonian manimals
are not endemic but a sampie of widespread
Gondwanan lineages {Bonaparte, 2002). Recent
discoveries of mammals with dryolestoid affini-
tieg in the Maastrichtian El Moline Formation of
Bolivia {(Gayet ef ol., 2001) support the later in-
terpretation.

CONCLUSION

The vertebrate fossil remains discovered at
the Bajo de Santa Rosa lecality, Rio Negro Prov-
ince, Argentina (Table 1 and 2} provide new data
about the diversification and compositional ver-
tebrate assemblage of the Campanian-
Maastrichtian Alien Formation (Malargiie
Group).

The vertebrates recognized are: chondrich-
thyans; diploraystid, lepisosteid, ¢f. percichthyid,
and dipnoid osteichthyans; pipid and lepto-
dactylid anurans: chelid turtles; sphenodonts;
elasmosaurid plesiosaurs; madtsoiid snakes;
faveoolitid and megaloclithid eggshells; and
hadrosaurid, cf, carcharodontosaurid and
titanosaurid dinosatrs.

Among fishes, the Allen Formation has pro-
vided the most southern and possibly the earli-
egt occurrence of Percichthyidae perciforms. The
first Campanian-Maastrichtian non-eilenodontid
sphencdont and & possible survival carcharo-
dontosavrid theropod are also recognized. The
Madtsoiidae are the dominant snakes in the Allen
Formation. We recognized Pataganiophis parvis
Albino and Alamitophis argentinus Albino, and
a possible new taxon of "Madtsoiidae. The taxe-
nomie position of Rionegrophis madisoioides pro-
posed by Albino (1986, 1987) as a possibie
Madtsoiidae is supported after new discoveries
from Los Alamitos. A new saltasaurine tita-
nosaurid, Bonatitan reigi gen. et sp. nov. is de-
scribed and compared.

The vertebrate record is mainly composed of
continental (terrestrial and freshwater) taxa, and
a few marine elements (elasmosaurids) indicat-
ing the influence of the sea during the deposi-

Revista del M;tseo Argentino de Ciencias Naturales, n. 5. 6 (2}, 2004

tion of the Allen Formation in the area of Bajo
de Santa Rosa.

The vertebrate remains support a Campa-
nian-Maastrichtian age for the Allen Formation.
Comparisong with other South American
Campanian-Maastrichtian localities suggest a
stmilar fossil vertebrate composition, with rela-
tively few differences between the Patagonian
and extra Patagonian South American records.
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Appendix. Table of measurements of the posteranial bones of Bonatitan reigi gen. et sp. nou. An asterisk (%)
indicates an estimated meastrement. .

Cervical vertebra (MACN-PV &N 1661)

Height of centrum {anferior) 30 mm
Width of centrum {angerior) 32 mm
Eength of centrum 124 mm
Dorsal vertebra (MACN-PV BN 821)

Total height 230 mm*
Height of centrum 72 mm
Width of centrum 66 mm
Length of centrum 91 mm
IMistance between prezygapophyses 4% mm
Anterior caudal vertebra (MACN.PV RN 821)

Total height 210 mm
Height of centrum 86 rm
Width of centrum 83 mm
Total length of centrum 98 mm

Length of the centrum without posterior articular surface 57 mm

Middle caudal vertebra (MACN-PV RN 821)

Neural arch height T5mm .
Maximum distance between

prezygapophyses 56 me
Maximum distance between

postzygapophyses 38 mm
Distance between prezygapophysis and anterior border of

neural spine 73 mm

Humerus (MACN-PV RN 821)

Total length 363 mm
Proximal width 139 mm
istal width 109 mm
Minimum transversal diameter of the diaphysis 54 mm

Ulna (MACN-PV RN 1061)

Total length 185 mm

Proximal width 83 mm

Distal width 6% mm

Radius (MACN-PV BN 1061)

Tetal length 195 mm

Proximal width 85 mm*

Distal width 60 mm®

Femur (MACN-PV BN 821 and MACN-PV RN 1061)

Total length 585 mum 455 mm
Proximal width 158 mm 125 mm
Digtal width 145 mm 120 mm*
Tibia {(MACN-PV RN 821 and MACN-PV RN 1061)

Total tength 373 mm 300 mm
Proximal width 140 mm 114 mm
Dristal width 95 mm* 69 mm
Fibula (MACN-PV EN 821)

Total length 385 mm

Proximal width 85 mum

Distal width B0 mm

Metatarsal I (MACN PV RN 821)

Total length 76 mm

Proximal width 48 mm*

Distal width 39 mm*
Metatarsal 111 (MACN-PV RN 1661)

Total length 47 mm

Proximal width 28 mm

Dista} width 20 mm




