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A plated dinosaur (Ornithischia, Stegosauria) from the Early

Cretaceous of Argentina, South America: an evaluation

XABIER PEREDA-SUBERBIOLA, PETER M. GALTON, HEINRICH MALLISON and
FERNANDO NOVAS

PEREDA-SUBERBIOLA, X., GALTON, P.M., MALLISON, H. & NOVAS, F. iFirst article. A plated dinosaur (Ornithischia, Stegosauria) from the Early
Cretaceous of Argentina, South America: an evaluation. Alcheringa, 1–14. ISSN 0311-5518.

A re-evaluation of several vertebrae and dermal plates from the Lower Cretaceous (La Amarga Formation, Puesto Antigual Member;
Barremian–lower Aptian) of Neuquén in Argentina, originally described as a stegosaurian dinosaur and recently referred to an
indeterminate ornithischian, confirms the former identification. The Neuquén remains have a combination of features that is only known
among stegosaurs: cervical vertebrae with a proportionally large cross-section of the neural canal, the anterior height and width of which
are half the height of the anterior centrum, as in the cervical vertebrae of Kentrosaurus, Dacentrurus and Stegosaurus; prominent lateral
depressions on the cervical centra, as in the presacral vertebrae of Dacentrurus; and cervical dermal plates that are subtriangular, longer
than high and reminiscent of those of Miragaia. Moreover, a small bone here interpreted to be an anterior supraorbital (¼first palpebral)
is similar to that of Stegosaurus and other stegosaurs in having an elongate form and a dorsal rugose surface. The remains from
Argentina exhibit some differences relative to other stegosaurs, suggesting that it is potentially a distinct taxon, but their incompleteness
advises against the erection of a new genus and species. Interestingly, it is the only known skeletal record of Stegosauria in
South America. It provides the second conclusive evidence of the presence of this clade in the Early Cretaceous of the Gondwanan
landmasses.
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Drive, Rio Vista, CA 94571-9775, USA; H. Mallison [heinrich.mallison@googlemail.com], Museum für Naturkunde, Leibniz-Institute für
Evolutions- und Biodiversitätsforschung an der Humboldt-Universität zu Berlin, Germany; F. Novas [fernovas@yahoo.com.ar], CONICET,
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Peabody Museum of Natural History, Yale University, New Haven, CT 06520, USA; College of Naturopathic Medicine, University of
Bridgeport, CT 06604, USA. Received 5.3.2012; revised 7.6.2012; accepted 11.6.2012.
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plates.

THE FOSSIL RECORD of thyreophoran dinosaurs
from South America includes fragmentary skeletal
remains of ankylosaurs and stegosaurs from Argen-
tina (Coria & Cambiaso 2007, Novas 2009).
Ankylosaurs are represented by postcranial elements
from the Upper Cretaceous Allen Formation of Rı́o
Negro (Coria & Salgado 2001 and references
therein). Other putative ankylosaurian remains from
Patagonia were discussed by Novas (2009). In
addition, ankylosaurian footprints have been de-
scribed from the Late Jurassic–Early Cretaceous and
the Late Cretaceous of Bolivia (Leonardi 1984,
McCrea et al. 2001, Apesteguı́a & Gallina 2011)
and, with reservations, from the Early Cretaceous of
Brazil (Thulborn 1990). Stegosaurs are only repre-
sented by a set of bones from the Early Cretaceous
of Argentina (Bonaparte 1996a, b) and by track-

ways from the Jurassic–Cretaceous boundary of
Bolivia (Apesteguı́a & Gallina 2011).

Bonaparte (1995) first noted the presence of
stegosaurs in the Early Cretaceous of Argentina.
Bonaparte (1996a) mentioned the discovery of two
incomplete cervical vertebrae and a caudal centrum
(MACN N-43) from the La Amarga Formation,
Neuquén. In another paper, Bonaparte (1996b)
listed three vertebrae, including a posterior cervical
with features typical of Stegosauria, and a probable
small osteoderm, ‘only 45 mm long, of triangular
section, with a concave facet at its base’ (Bonaparte
1996b, p. 110). Bonaparte (1996b) assigned the La
Amarga remains to Stegosauria indet. and noted
that the taxon was related to Kentrosaurus from
Tanzania. This identification has been followed in
synthetic works on Patagonian dinosaurs (Coria &
Cambiaso 2007, Novas 2009). Recently, Ezcurra &
Agnolı́n (2012, app. 1, 2) have included the
Neuquén taxon as a basal stegosaur in a supertree
of late Mesozoic archosaurs. However, Maidment
et al. (2008) regarded the material as belonging to
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an indeterminate ornithischian because it does not
bear any autapomorphies that allow it to be
referred to Stegosauria (also Maidment 2010).

The aim of this paper is to revise and illustrate the
presumed stegosaurian specimen from the La Amarga
Formation of Argentina and to evaluate its affinities.

Institutional abbreviations. DMNH, Denver Museum
of Nature and Science (formerly Denver Museum of
Natural History), Colorado, USA; MACN, Museo
Argentino de Ciencias Naturales ‘Bernardino Riva-
davia’, Buenos Aires, Argentina; MfN, Museum für
Naturkunde—Leibniz-Institut für Evolutions- und
Biodiversitätsforschung an der Humboldt-Universität
zu Berlin, Germany; YPM, Peabody Museum of
Natural History, Yale University, New Haven, CT,
USA.

Geological setting
The fossils described below derive from the basal
member (Puesto Antigual Member) of the La Amarga
Formation (Leanza & Hugo 1995), which is well
exposed in the southern part of the Neuquén Basin.
According to Leanza et al. (2004), the La Amarga
Formation unconformably overlies the transitional
interval of the marine Agrio Formation (Lower
Cretaceous, Hauterivian) and is overlain by the
continental Lohan Cura Formation (Lower Creta-
ceous, upper Aptian–Albian). Based on basin analysis,
stratigraphical relationships and tectonosedimentary
interpretations, the LaAmargaFormation is considered
to be Barremian to early Aptian in age (Leanza et al.
2004). The basal Puesto Antigual Member (about 30 m
in thickness, Barremian–lower Aptian) consists mainly
of fluvial channel sandstones of a braided river system

with well-developed palaeosols on top (Leanza et al.
2004).

Most of the vertebrate remains found in the La
Amarga Formation come from the basal Puesto
Antigual Member (Leanza et al. 2004). They have
been recovered from several stratigraphical levels
exposed on the northern slope of the China Muerta
Hill, approximately 2.5 km southeast of the bridge
over the La Amarga Creek, near the National Road
40, and about 70 km south of Zapala, in Neuquén
Province, Argentina (Fig. 1; see also Apesteguı́a 2007,
fig. 1, Novas 2009, figs 4.7, 7.1). The assemblage
includes theropods (the abelisauroid Ligabueino ande-
si, a carcharodontosaurid-like basal tetanuran), sauro-
pods (the dicraeosaurid Amargasaurus cazaui, the
titanosaurian Amargatitanis macni, indeterminate
titanosauriforms and rebbachisauroids), pterosaurs
(an indeterminate pterodactyloid), mesoeucrocody-
lians (Amargasuchus minor) and the cladotherian
mammal Vincelestes neuquenianus (Bonaparte 1996b,
Leanza et al. 2004, Apesteguı́a 2007, Novas 2009,
Fuente et al. 2007 and references therein). The
stegosaurian remains described by Bonaparte
(1996a, b) constitute the only ornithischian dinosaur
from the La Amarga Formation.

The stegosaurian fossils were found in 1985 by
José Bonaparte, Martı́n Vince and assistants (Bona-
parte 1996a). According to J.F. Bonaparte (pers.
comm. 2012), all the remains but one were found near
the type locality of the mammal Vincelestes neuque-
nianus. The less complete cervical vertebra, which has
a lighter colour than the other remains, was recovered
at about 100 m from the type locality of Amarga-
saurus cazaui. It is possible that this vertebra comes
from a stratigraphically older bed than the remainder
of the material (J.F. Bonaparte, pers. comm.).

Fig. 1. Location map of the La Amarga
Creek (Neuquén province, Argentina)
where the stegosaurian remains were
found. Geological sketch modified from
Leanza et al. (2004, fig. 1).
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Systematic palaeontology
ORNITHISCHIA Seeley, 1887
THYREOPHORANopcsa, 1915 sensuNorman, 1984
STEGOSAURIA Marsh, 1877

Stegosauria gen. et sp. indet.

Material. MACN N-43, a possible right anterior
supraorbital, two cervical vertebrae, an isolated
cervical prezygapophysis, part of the shaft of a rib,
an anterior caudal centrum, a cervical plate and a
possible second element from the dermal skeleton
(Table 1); casts as YPM 058055.

Locality, unit and age. About 2.5 km southeast of the
bridge at the La Amarga Creek, Catan Lil Depart-
ment, Neuquén Province, Argentina; basal Puesto
Antigual Member, La Amarga Formation, Lower
Cretaceous, Barremian–lower Aptian (Leanza et al.
2004).

Skull
Supraorbital (?). The small osteoderm described by
Bonaparte (1996b) bears no resemblance to those of
any thyreophoran, be it the scutes of the Early
Jurassic Scelidosaurus (Owen, 1863) and Scutello-
saurus (Colbert, 1981), the lateral scutes of the
stegosaur Huayangosaurus (Zhou, 1984), the paired
dermal plates of any stegosaur (Gilmore 1914, Dong
et al. 1983, Dong 1990, Galton & Upchurch 2004), the
gular ossicles of Stegosaurus (Gilmore 1914), or the
dermal armour of ankylosaurs (Ford 2000, Blows
2001b). However, comparisons with a partial skull
roof of Stegosaurus stenops (Fig. 2F–L, for complete
skull roof see Galton & Upchurch 2004, figs 16.2A, B,
Sereno & Dong 1992, figs 10A, B) indicate that this
bone (Fig. 2A–E) may be an isolated complete right
anterior supraorbital (¼ first palpebral) of a stego-

saur. The concave articulation on the wide end of the
bone (l, Fig. 2C) fitted against the angular part of the
lacrimal (cf. Fig. 2K, L), the largest subtriangular
rugose area is the dorsal surface (Fig. 2A, I), and the
gently rounded rugose orbital edge forms a gentle
arch in lateral view (o, Fig. 2B; cf. Fig. 2G). The
ventral surface (Fig. 2D) is bisected by a ridge, with
the orbital margin (orb) lateral to it (cf. Fig. 2K),
whereas medial to it are the sutural surfaces that
overlapped the prefrontal (pf) more anteriorly and the
middle supraorbital (ms) more posteriorly (this
ventral surface is hidden by the prefrontal and the
middle supraorbital in the skull roof of Stegosaurus,
Fig. 2G). The obliquely truncated rugose posterior
edge is the sutural surface for the posterior supraor-
bital (ps, Fig. 2A, D, E; cf. Figs 2G, I, K).

Axial skeleton
This portion of the skeleton consists of three
incomplete vertebrae, two cervicals and a caudal
(Fig. 3), plus an isolated cervical prezygapophysis. In
addition, a fragmentary bone could be part of a dorsal
rib.

Cervical vertebrae. The best-preserved cervical verte-
bra consists of the centrum and most of the neural
arch, including the neural pedicles and the post-
zygapophyses (Fig. 3A–E; see also Bonaparte 1996b,
fig. 44, Coria & Cambiaso 2007, fig. 7.2A–B, Novas
2009, fig. 7.3A–D). The massive centrum is amphi-
platyan to slightly amphicoelous. The articular
surfaces are roughly hemispherical to a dorsoven-
trally compressed oval. Both are mostly eroded,
although anteriorly the central part has a slight
dorsoventral concavity that is transversely flat. The
transverse width of the centrum is greater than its
height or length (Table 1). Laterally, most of the
centrum and the adjacent part of the neural arch
have a pair of deep elliptical depressions, with the

Skeletal elements Measurements

?Skull
L W

Possible anterior supraorbital 44 19

Vertebrae Da Dp H Ha Hp L0 Wa Wp

8th cervical 34 34 102* 41 42 41 58 52
10th cervical – – – 36* – 42 57 –
First caudal – – – 35* 38* 34 52 52

Dermal armour H L W0 W00

Cervical plate 80 85 19 7
?Cervical plate 64* 90 22 3

Table 1. Measurements (mm) of MACN N-43. Abbreviations: Da¼ anterior diameter of neural canal; Dp¼ posterior diameter
of neural canal; H¼maximum height; Ha¼ anterior height of centrum; Hp¼ posterior height of centrum; L¼maximum
length; L0 ¼ centrum length; W¼maximum width; Wa¼ anterior width of centrum; Wp¼ posterior width of centrum;
W0 ¼ anterior transverse width; W00 ¼ posterior transverse width; *as preserved.

ALCHERINGA CRETACEOUS STEGOSAUR REMAINS FROM ARGENTINA 3

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

id
ad

 D
el

 P
ai

s 
V

as
co

],
 [

X
ab

ie
r 

Pe
re

da
-S

ub
er

bi
ol

a]
 a

t 0
2:

05
 3

1 
A

ug
us

t 2
01

2 



ventral one being slightly wider and deeper than the
dorsal one (Fig. 3C). The parapophysis is located
close to the anterior edge of the centrum, slightly
below the floor of the neural canal and approxi-
mately level with the dorsal depression. It projects
laterally and the articular surface is gently concave
and posterolaterally directed. The broad ventral
surface of the centrum is mostly flat transversely

and slightly concave anteroposteriorly. Posterolate-
rally, the ventral rim is thickened to form a large
triangular area with an apex that projects anteriorly;
the less thickened anterolateral area has a corres-
ponding posteriorly projecting process (Fig. 3E). The
neural canal is very large; its maximum diameter is
greater than half the width or height of the centrum.
Its outline is roughly circular with a flat floor in

Fig. 2. A–E, Stegosauria indet., La Amarga Formation (Barremian), Argentina. MACN N-43, possible right anterior supraorbital in dorsal
(A), lateral (B), anterior (C), ventral (D) and medial (E) views. F–L, Stegosaurus stenops, DMNH 1483, from Morrison Formation (Upper
Jurassic) of Garden Park near Cañon City, Colorado, USA, most of skull roof (F, H, J) and detail of the right anterior supraorbital and
adjacent bones (G, I, K, L) in right lateral (F, G), dorsal (H, I), ventral (J, K), and anteroventral (L) views. Abbreviations: bones—AS, anterior
supraorbital; F, frontal; L, lacrimal; MS, medial supraorbital; N, nasal; PF, prefrontal; PS, posterior supraorbital; structures—o, orbital rim;
orb, orbital margin; sutural surfaces indicated by bone abbreviation in lower case. Scale bars¼ 20 mm (A–E) and 50 mm (short bar for F, H,
J; large bar for G, I, K, L).
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anterior view and roughly pear-shaped in posterior
view (Fig. 3A, B). One of the diapophyses (probably
the right one) was originally complete (Bonaparte
1996b, fig. 44B), but only the most proximal parts of
both are now preserved. They are located at the level
of the top of the neural canal. The triangular and flat
articular surfaces of the postzygapophyses are not
ventrally continuous with each other and are
oriented ventrolaterally, forming an angle of about
508 to the vertical (Fig. 3B, D). The postzygapo-
physis does not project beyond the posterior
articular surface of the centrum.

Bonaparte (1996b) regarded this vertebra as a pos-
terior cervical, possibly the seventh, and comparisons
with figures of the cervical series of the MfN mounted
skeleton of Kentrosaurus aethiopicus (MB.R.4777-4843)
in lateral, ventral and posterior views indicate that it is
probably the eighth (Fig. 4G–I). It must be noted that
Hennig’s restoration of Kentrosaurus was mostly based
on disarticulated material (Hennig 1925, Janensch
1925). Cervical and dorsal vertebral formulae and the
position of the individual specimens were determined

based on comparison with Stegosaurus (Marsh 1880,
1891, 1896, Gilmore 1914). In contrast, the German
Tendaguru Expedition found four articulated nearly
complete tails, so that the positions of the individual
caudal vertebrae are knownwith certainty (Hennig 1925).

A second cervical vertebra, which was found
separately from the rest of the material, only preserves
part of the centrum, including the anterior articular
surface, the right parapophysis and most of the right
lateral side plus the base of the adjacent part of the
neural arch (Fig. 3F–H). The centrum is wider than
long and high, its length being about the same as that
of the other cervical. The anterior articular surface is
flat to slightly concave. The parapophysis does not
project laterally and the articular facet is larger than
that of cervical 8. Laterally, the single depression is as
deep as those of the preceding cervical, but its
dorsoventral height is smaller (Fig. 3H). The floor of
the large neural canal is incomplete on the left side of
the centrum. Ventrally, the preserved flat anterior part
of the centrum is much wider than in the more
complete cervical. This vertebra is regarded as a more

Fig. 3. Stegosauria indet., La Amarga Formation (Barremian), Argentina. MACN N-43, vertebrae. A–E, 8th cervical vertebra in anterior (A),
posterior (B), right lateral (C), dorsal (D) and ventral (E) views; F–H, 10th cervical vertebra in ventral (F), posterior (G) and right lateral (H)
views; I–M, first caudal vertebra in left lateral (I), anterior (J), posterior (K), dorsal (L) and ventral (M) views. Scale bar¼ 30 mm.
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posterior cervical and, based on comparisons with
Kentrosaurus (Fig. 4M–O), it is probably cervical 10.

The articular surface of an isolated right prezyga-
pophysis is roughly oval and smaller than those of the
postzygapophysis of the more complete cervical 8.
Laterally, the broken base of the lamina of the
diapophysis extends from the anterior end across the
middle of the prezygapophysis, so it is probably from
a mid-cervical vertebra.

Caudal vertebra. A caudal vertebra preserves the
centrum and the basal region of the neural arch
(Fig. 3I–M). The centrum is short, wider than high,
and the articular end surfaces are roughly oval in
outline (Fig. 3J, K). The surface identified as the
anterior one (see below) is asymmetrical. The dorsal
half is gently convex dorsoventrally and transversely.
The lower half is gently concave dorsoventrally and
for the most part gently convex transversely except for
the central part, which is gently concave. The poster-
ior surface is uniformly gently concave. Both articular
surfaces are damaged in the ventral region, so the
presence or absence of chevron facets can not be
determined (Fig. 3M). The broken bases of the
transverse processes are on the dorsal half of the

lateral side of the centrum. In lateral view, each
process is preserved as an oblique prominence, with a
small concavity anterodorsal to it (Fig. 3I). The neural
canal is wider anteriorly than posteriorly (Fig. 3L).

Bonaparte (1996b) identified this centrum as that
of a proximal caudal vertebra, here considered as the
first caudal. This vertebra is missing in the MfN
mounted skeleton of Kentrosaurus aethiopicus, but in
other specimens it is incorporated into the sacrum as a
caudosacral (Hennig 1925, Mallison 2010, caption to
fig. 5). The tapering of the neural canal represents the
posterior end of the sacral enlargement, the irregular
form of the anterior articular surface indicating that it
keyed in against the free end surface of the last fused
sacral centrum, and the uniformly concave posterior
surface was the first freely movable joint for the tail.
The form of these articular surfaces agrees with those
of the first caudal vertebra of Chialingosaurus kuani
(Late Jurassic, China; Dong et al. 1983, fig. 70). In
caudals 2–8 of the MfN mounted skeleton, the
anterior and posterior articular surfaces are uniformly
concave (Fig. 4S–T). This is also the case for the
anterior caudals of the YPM mounted skeleton of
Stegosaurus ungulatus, in which the caudosacral is
incorporated into the sacrum (Ostrom & McIntosh

Fig. 4. HR digital scans of Kentro-
saurus aethiopicus, Tendaguru Forma-
tion (Upper Jurassic), quarry St.
Kindope, Tanzania. MfN mounted
skeleton. A–C, presacral (cervical)
vertebra 6 (A–C, MB.R.4783), 7 (D–

F, MB.R.4784), 8 (G–I, MB.R.4785), 9
(J–L, MB.R.4786), 10 (M–O,
MB.R.4787), and 11 (?dorsal 1) (P–R,
MB.R.4788) in posterior (A, D, G, J,

M), ventral (B, E, H, K, N, Q) and left
lateral (C, F, I, L, O, R) views; S–T,
second caudal (first free caudal) verte-
bra (MB.R.4800.6) in anterior (S) and
left lateral (T) views. Scale
bar¼ 100 mm.
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1999, pls 21, 25, 26, 31 for sacrum, caudals 3, 5, 1 and
2, respectively). However, the Argentinian centrum is
not as anteroposteriorly short relative to its height or
width as are the most anterior caudals in Huayango-
saurus (Zhou 1984), Chialingosaurus, Chungkingo-
saurus (Dong et al. 1983), Dacentrurus,
Loricatosaurus (Galton 1985) and especially Stego-
saurus (Ostrom & McIntosh 1999).

Rib (?). A fragmentary bone looks like part of a
damaged dermal plate. The bone is thin, but all
surfaces are eroded except for the smooth inferior
surface, which is gently concave longitudinally and
gently convex transversely. It is tentatively identified
as the inferior part of the mid-length of the shaft of a
dorsal rib.

Dermal skeleton
Cervical plate. An incomplete dermal plate was first
described by Novas (2009, p. 345, fig. 7.3E, F). It is

subtriangular in shape and longer than high (Fig. 5A–
D, Table 1). The anterior edge and the proximal part
of the ventral edge are unbroken but, apart from the
missing posterodorsal apex, the remaining edges are
only slightly incomplete (Fig. 5A, D). In side view, the
thin anterior edge is gently convex. The plate is
transversely thin and tapers posteriorly (Fig. 5A). The
presumed medial surface is gently convex vertically
and anteroposteriorly but the prominent depression
on the anterodorsal part is an artefact of erosion (Fig.
5C). The thick anterior basal portion, which is
triangular in outline, is continued posterodorsally as
a thickened area, which laterally is undercut more
ventrally to form a prominent depression (Fig. 5D). In
armour of the stegosaur Miragaia (Late Jurassic,
Portugal) the posterior half of the thickened area
forms a more prominent edge that extends ventro-
laterally, so the undercut region forms the ventral
depression of the plate (see Mateus et al. 2009, fig. S6
in supplementary information). In the MfN mounted
skeleton of Kentrosaurus, the thickened area forms an

Fig. 5. Stegosauria indet., La Amarga Formation (Barremian), Argentina. MACN N-43, dermal armour. A–D, cervical plate in lateral (A),
anterior (B), medial (C) and ventral (D) views; E–H, ?cervical plate in lateral (E), anterior (F), medial (G) and dorsal (H) views. Scale
bar¼ 30 mm.
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extremely prominent laterally directed horizontal
flange above the depression in the sixth dermal plate
(Hennig 1925, fig. 55, Galton 1982, pl. 5, figs 19–21).
The rest of the ventral edge and the posterior edges
are thin, so the plate is probably missing only a little
bone in these regions. The sides are ornamented by a
fine network of small grooves (canaliculi of Novas
2009). This plate was found associated with cervical
remains and presumably comes from the neck (see
below).

Dermal plate (?). A second piece is similar in size to
the preceding plate (Table 1) and the ventral edge
seems to be almost complete (Fig. 5E–G). The
anterior half of the medial surface is gently convex
but the posterior half is gently concave. The anterior
edge has a concave outline. In lateral view (Fig. 5E),
the anterior thick, triangular, rugose area is slightly
smaller than in the other plate. However, the thick
rounded anterior edge arises directly from it, with no
thin anterior edge, and there is only a slight
depression posteroventrally, so there is no overhang
(Fig. 5E). In anterior view, the thick rounded edge
becomes slightly thinner and thickens again before
reaching the broken thick anterodorsal part of the plate
(Fig. 5F). Despite this anterodorsal thickening, which
is very unusual for a dermal plate, and the apparent
absence of an evident ornamentation by small grooves
(canaliculi), the similarities to the other plate, including
the shape, the thickened triangular rugose area ante-
riorly and the presence of a depression anteroventrally
(very strongly developed in the first plate), support the
current anatomical identification.

Discussion
With the exception of the cervical vertebra of Fig. 3F–
H, the bones from the La Amarga Creek were closely
associated and presumably belong to a single indivi-
dual. The cervical vertebra, here regarded as the
eighth (Fig. 3A–E), indicates that it was probably a
subadult or adult individual because the neural arches
are fused to the centra (Irmis 2007). The lack of
incorporation of the first caudal vertebra into the
sacrum indicates that the individual was probably not
fully grown. The size of the vertebrae and dermal
plates indicates a small animal. The vertebrae are
similar in size to those of Kentrosaurus, which has an
estimated body length of about 4–5 m (Galton &
Upchurch 2004).

Bonaparte (1996b) identified the material as
stegosaurian on the basis of the large neural canal
of the cervical vertebrae. He compared the vertebrae
with those of Stegosaurus from the Late Jurassic of
North America and noted that the morphology of the
ventral and lateral sides of the centra and of the
neural arch agrees well with the anterior cervicals
figured by Marsh (1880) and in the Marsh litho-

graphic plates reproduced by Ostrom & McIntosh
(1966, pls 7–9, also in 1999). In addition, Bonaparte
(1996b) noted that the cervical vertebrae from
Patagonia are similar in size to those of Kentrosaurus
from the Late Jurassic of Tanzania, but the centra are
anteroposteriorly shorter. Bonaparte’s interpretation
(1996a, b), followed by Coria & Cambiaso (2007) and
Novas (2009), was recently challenged by Maidment
et al. (2008), who regarded the material as belonging
to an indeterminate ornithischian due to the lack of
autapomorphies that allow it to be referred to
Stegosauria (see also Maidment 2010).

Cervical vertebra 8 from Neuquén was found in
association with dermal elements, as typically occurs
in thyreophorans (Sereno 1999, supplement, Maid-
ment et al. 2008). Cortical remodelling of some bones
of the skull roof (Figs 2A, F, G) is an unambiguous
synapomorphy for Thyreophora, as is the presence of
three supraorbitals forming the dorsal rim of the orbit
for the Thyreophoroidea (Scelidosaurus þ Stegosaur-
ia þ Ankylosauria) (Maidment et al. 2008, p. 40, also
Maidment 2010, Maidment & Porro 2010). The
elongate form of the bone here regarded as an
anterior supraorbital (Figs 2A–E) resembles those of
Stegosaurus stenops (Fig. 2F–L; Galton & Upchurch
2004, fig. 16.2A, B), Huayangosaurus taibaii (Middle
Jurassic, China) and Hesperosaurus mjosi (Late
Jurassic, USA; see Galton & Upchurch 2004, fig.
16.3.A, B, D–F). In most ankylosaurs, the sutures of
the skull roof are not visible, being obliterated or
completely embossed over by extensive osseous
ornamentation. The sutures are only visible in
Cedarpelta (Early Cretaceous, USA, Carpenter et al.
2001), Minmi (Early Cretaceous, Australia, Molnar
1996) and Pinacosaurus (Late Cretaceous, China and
Mongolia, Maryańska 1977, Hill et al. 2003). How-
ever, in these genera, the form of the supraorbitals
does not resemble that of the Argentinian element (see
Vickaryous et al. 2004, fig. 17.1, 2).

Maidment et al. (2008) noted that the cervical
vertebrae lack the synapomorphic characters they
considered to be diagnostic for Stegosauria. However,
the cervical vertebrae show a combination of features
that is known only in stegosaurs, viz., a proportionally
large cross-section to the neural canal and the
presence of prominent lateral depressions on the
centra.

The anterior dorsal vertebrae of stegosaurs are
characterized by neural canals that have a maximum
diameter greater than half that of the centra (Galton
& Upchurch 2004). Similarly, the cervical vertebrae of
some stegosaurs have neural canals that are propor-
tionally even larger. Lull (1917, p. 476) drew attention
to the brachial enlargement in the anterior dorsal
vertebrae of the YPM mounted skeleton of Stego-
saurus ungulatus (see Lull 1910). There is an increase
in width of the neural canal in vertebrae 8 to 13 from
the average of 25 mm to the maximum width of
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38 mm in vertebra 11. This condition is absent in
other non-stegosaurian thyreophorans, including an-
kylosaurs (e.g., Carpenter & Kirkland 1998, Carpen-
ter 2004).

The cervical vertebrae from Neuquén resemble
those of Kentrosaurus (Fig. 4; Hennig 1925, figs 10–11,
Mallison 2010, fig. 4), Stegosaurus (Ostrom &
McIntosh 1999, pls 7–9) and Dacentrurus (Late
Jurassic, western Europe; Galton 1991, fig. 2) in
having a proportionally large neural canal, with an
anterior height and width that are half or greater than
half the anterior height and width of the centrum.
Moreover, the cervical centra from Neuquén are
massive and bear prominent lateral depressions, as in
the presacral vertebrae and especially the dorsals of
Dacentrurus (Galton 1985, 1991). However, the
former are proportionally less massive and have
proportionally deeper depressions than in Dacen-
trurus. The cervical centra from Neuquén are trans-
versely wider than anteroposteriorly long, as in
Dacentrurus, whereas the contrary condition is evident
in the dacentrurine Miragaia (Mateus et al. 2009). In
MACN N-43, the cervical ribs are not fused to the
vertebrae, in contrast to dacentrurines (Mateus et al.
2009). Although less prominently developed, the
presence of a pair of elliptical depressions in cervical
vertebra 8 is matched in a cervical vertebra (?fourth,
Ostrom & McIntosh 1999, pl. 8, fig. 1) of Stegosaurus.
They are not present on the more posterior cervicals
of Stegosaurus (Ostrom & McIntosh 1999, pl. 8, fig. 6,
pl. 9, figs 1, 6, 10), but are weakly developed on
cervical 9 of Kentrosaurus (Fig. 4L).

The best preserved dermal plate from Neuquén
(Fig. 5A–D) differs from the nuchal plates of the Late
Jurassic stegosaurs Stegosaurus and Kentrosaurus,
which are subrhomboidal to oval and higher than
long (Gilmore 1914, fig. 57, pls 14, 23, Galton 1982,
pl. 1, Ostrom & McIntosh 1999, pls 59–60). In the
Chinese stegosaurs Huayangosaurus (Middle Jurassic,
Zhou 1984, fig. 35, pl. 11) and Tuojiangosaurus (Late
Jurassic, Dong et al. 1983, fig. 86.1), the cervical plates
are oval to subspherical and vertically elongated,
whereas in Jiangjunosaurus (Middle–Late Jurassic, Jia
et al. 2007) both preserved cervical plates are low, one
being subtriangular and the other almost square in
outline. The Neuquén plate is especially reminiscent
of the cervical armour of Miragaia (Mateus et al.
2009, fig. S6 in supplementary information, see also
Araújo et al. 2009). In both taxa, the plates are
subtriangular and longer than high. However, the
Neuquén plate differs from those of Miragaia in
several respects. In the latter, the cervical plates
taper distally instead of posteriorly, so they do not
have a flattened spike shape and the whole basal
surface is subequal in width and gently sinusoidal
without any rugose area anteriorly. Moreover, the
Patagonian plate lacks a notch and a projection on
the anterodorsal margin, which is regarded as a

diagnostic character of Miragaia by Mateus et al.
(2009).

At first sight, the Neuquén plate resembles the
caudal armour of some ‘polacanthid’ ankylosaurs
(Ford 2000, Blows 2001b). In both cases, the plates
are subtriangular, with a rounded convex anterior
edge and much more acute posterior edges separated
by a concave surface posteriorly. However, the lateral
caudal plates of Mymoorapelta (Late Jurassic, western
USA), Gastonia (Early Cretaceous, western USA) and
Polacanthus (Early Cretaceous, Europe and, tenta-
tively, western USA) are more laterally compressed,
biconvex in cross-section and bear a nearly symme-
trical hollow base (Blows 1987, fig. 7, Pereda
Suberbiola 1994, pl. 4, Kirkland 1998, fig. 7, Kirkland
et al. 1998, fig. 7, Pereda-Suberbiola et al. 2007, fig. 7).
Differences are also evident relative to the presacral
armour of these ankylosaurs. For instance, the
cervical plates of Gastonia have a ventral projection
for attachment (Kirkland 1998, fig. 7) and the
shoulder or pectoral spines of Mymoorapelta possess
a prominent groove seen in posterior and ventral
views (Kirkland & Carpenter 1994, fig. 9). These
characters are also known in Polacanthus (Blows
1987, Pereda Suberbiola 1994), but are absent in the
Neuquén remains and do not support its assignment
to an ankylosaur.

In conclusion, the material from the La Amarga
Formation has stegosaurian affinities, as claimed by
Bonaparte (1996a, b) and subsequent Argentinian
authors. Minor differences in the cervical vertebrae
and dermal armour relative to other known stego-
saurs suggest that the Neuquén specimen is a new
taxon. However, additional more complete material is
needed to justify the erection of a new genus and
species.

Cretaceous record of stegosaurs
Late Jurassic stegosaurs were abundant, very diverse,
and occurred on all continents except South America,
Australia and Antarctica. However, only a few species
(or specimens) are currently recognized from the Early
Cretaceous (Fig. 6). The incomplete edentulous
dentary with only the tooth roots preserved of
Regnosaurus northamptoni from England, regarded
by Barrett & Upchurch (1995, also Galton &
Upchurch 2004) as a basal stegosaur, is Stegosauria
indet. (Barrett & Maidment 2011; note that Maidment
et al. 2008 and Maidment 2010 considered it as
Thyreophora indet.). Craterosaurus pottoniensis is
based on an incomplete dorsal neural arch (Galton
1981) that is a nomen dubium but Stegosauria indet.
(Maidment et al. 2008). Other possible records from
the Wealden formations of Europe include indetermi-
nate remains from England and Spain (Blows 2001a,
Pereda-Suberbiola et al. 2003, 2005, Barrett &
Maidment 2011). Wuerhosaurus homheni is based on
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a few associated postcranial elements from China
(Dong 1973, 1990). This species was referred to
Stegosaurus homheni by Maidment et al. (2008), but
this is regarded as incorrect by Carpenter (2010). The
most complete stegosaurian postcranial skeleton from
the Early Cretaceous, which consists of an articulated
vertebral series (with ribs) from the posterior three
cervicals to caudal 5 plus several appendicular bones,
is the holotype of W. ordosensis from Inner Mongolia
(Dong 1993), a taxon considered to be a nomen
dubium by Maidment et al. (2008). Monkonosaurus
lawulacus from Tibet is based on a complete sacrum
with ilia, two partial vertebrae and three dermal plates
(Dong 1990). Maidment & Wei (2006) considered the
species to be a nomen dubium. Its age is uncertain:
Dong (1990) regarded the Loe-ein Formation to be of
Late Jurassic to Early Cretaceous age. According to
Weishampel et al. (2004, p. 565), M. lawulacus comes
from the Lura Formation (?¼Loe-ein Formation),
which is Early Cretaceous in age.

In the Gondwanan landmasses, the partial skull of
Paranthodon africanus is known from the Late
Jurassic–Valanginian of South Africa (Galton 1981,
Galton & Coombs 1981, Maidment et al. 2008).
However, the two teeth of Stegosaurus madagascar-
iensis from the Late Cretaceous (Cenomanian–Tur-
onian) of Madagascar are probably from an
indeterminate ankylosaur (see Maidment et al. 2008,
Maidment, 2010 for full discussion).

A supposed large stegosaur manus print from the
Early Cretaceous Broome Sandstone of Broome,
Western Australia, was re-identified as the manus
print of a sauropod dinosaur by Page (1998).
Incidentally, a small manus print with four toes (Hill

et al. 1966, pl. 15, fig. 5, Thulborn 1990, fig. 3.39a),
which came from the Middle Jurassic Walloon Coal
Measures of Queensland, could be from a stegosaur, a
group not represented in Australia by skeletal
remains. However, it equally well might have origi-
nated from an early ankylosaur (Thulborn 1990,
p. 209), a group represented by skeletons of Minmi
from the Early Cretaceous of Queensland (Molnar
1980, 1996), so it is Thyreophora indet.

There are smaller five-toed manus prints (see Long
1998, p. 130 for colour photograph), occurring with
incomplete pes prints (Thulborn 1997, fig. p. 15,
photograph Dayton 1991), from the Early Cretaceous
of Broome. Thulborn (1997, p. 8) noted that these
footprints ‘do not correspond at all closely with what
is known of the hand and foot structure in ankylo-
saurs’. He identified them as thyreophoran (?stego-
saur). However, given similarities to manus and pes
prints of Deltapodus, a Middle and Late Jurassic
footprint taxon from Europe (and Late Jurassic, USA
and northern Africa) that has been referred to the
Stegosauria (see Whyte & Romano 1994, 2001, Milàn
& Chiappe 2009, Belvedere & Mietto 2010, Cobos
et al. 2010, Mateus et al. 2011), these Broome prints
probably represent a stegosaur.

Stegosaurs may have survived into the Late
Cretaceous in southern India. A partial skeleton from
the Coniacian (mid-Late Cretaceous) was described
by Yadagiri & Ayyasami (1979) as Dravidosaurus
blanfordi and some of the bones of the skull were re-
identified by Galton (1981). Chatterjee & Rudra
(1996, p. 518) concluded that this taxon is a nomen
dubium because they ‘could not see anything related
to the stegosaurian plates and skull claimed by these

Fig. 6. Stegosaurian record from the
Early Cretaceous, including both ske-
letal remains and footprints. Palaeo-
coastlines after Smith et al. (1994). See
text for more details.
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authors. Instead, the bones are highly weathered limb
and girdle elements and may belong to plesiosaurs’,
fragmentary remains of which they found at the
holotype site. However, this important material needs
to be independently re-examined and re-assessed
because the original description included two photo-
graphs of a small tooth similar to that of Kentrosaurus
and 10 photographs of bones and dermal armor
(Yadagiri & Ayyasami 1979, pls 1–4) that do not
resemble elements of plesiosaurs. Stegosaurian mate-
rial was also reported from the latest Cretaceous
(Maastrichtian) of India (Yadagiri & Ayyasami 1979,
p. 529). However, to date only a photograph of a
single plate, roughly symmetrical and subtriangular in
side view (ca 17.4 cm wide close to base, ca 19 cm
high), has been published (Yadagiri & Ayyasami
1978). In addition, Mateus et al. (2011) re-identified a
‘sauropod’ manus print from the latest Maastrichtian
of India (Mohabey 1986) as a pes print resembling
those of Deltapodus that was made by a stegosaur (see
above).

In South America, footprints called Caririchnium
magnificum from the Antenor Navarro Formation
(Lower Cretaceous) of Paraiba in Brazil were
described as possibly made by a stegosaur (Leonardi
1984, 1989). However, these footprints have been
reinterpreted as those of a large quadrupedal
ornithopod (Lockley 1987, Lockley & Wright
2001). Recently, Apesteguı́a & Gallina (2011) have
described the only ichnological evidence of the
presence of stegosaurs in South America. Trackways
with tetradactyl manus and pes impresssions are
known in the La Puerta Formation (Late Jurassic to
Early Cretaceous) of Tunasniyoj, Chuquisaca De-
partment, in Bolivia. They are the oldest stegosaur-
ian footprints from the Southern Hemisphere
(Apesteguı́a & Gallina 2011). Consequently, the
material described in this paper from the La
Amarga Creek area of Argentina is the only
conclusive skeletal evidence for the occurrence of
stegosaurs in South America.

Palaeobiogeographical comments
The presence of a stegosaur in the Barremian–early
Aptian of Patagonia has interesting biogeographical
implications because this is the second known record
in the Early Cretaceous of the Gondwanan con-
tinents, the other being Paranthodon from South
Africa. Is the Argentinian stegosaur the result of an
Early Cretaceous dispersal event from the Laurasian
continents or a relictual component of an older East
Gondwanan fauna? The material recovered from the
La Amarga Creek seems too fragmentary to provide
useful information about its phylogenetic affini-
ties and this prevents an accurate assessment of
the palaeobiogeographical significance of this dis-
covery.

Leanza et al. (2004) characterized the Amargan
tetrapod assemblage (Barremian–early Aptian) from
the Neuquén Basin of Argentina by the co-occurrence
of late Pangaean dinosaurs, i.e., elements of lineages
distributed throughout Pangaea during the Jurassic.
The La Amarga dinosaur association includes basal
abelisauroids and basal tetanurans among theropods,
dicraeosaurids and rebbachisaurid diplodocoids,
basal titanosauriforms and titanosaurians among
sauropods (Leanza et al. 2004, Apesteguı́a 2007);
stegosaurs are the only known ornithischians. The
Amargan assemblage has been used to suggest certain
similarities with the faunas from the Late Jurassic of
East Africa, supporting a Gondwanan signature
(Apesteguı́a 2007). According to Novas (2009), the
association of stegosaurs with diplodocoid sauropods
in the Early Cretaceous of Patagonia is consistent
with the record of these groups in other parts of the
world, especially in southern Africa. Several of the
above-mentioned taxa are not recorded in the Lower
Cretaceous formations of the Northern Hemisphere,
suggesting that the separation between Laurasia and
Gondwana was already achieved (Leanza et al. 2004,
Novas 2009).

Finally, the distribution of Early Cretaceous
stegosaurs seems to restrict them to the mid-latitude
belts in both hemispheres (Fig. 6). All the stegosaur
sites are located between 308 and 508N and S
palaeolatitude; the only low-latitude record (at about
208S) is that from the Late Jurassic to Early
Cretaceous of Bolivia (Apesteguı́a & Gallina, 2011).
So, was the stegosaur distribution climatically influ-
enced or is there a major sampling bias against the
palaeotropics? If the map of Fig. 6 is predictive for
palaeobiogeography, then we might expect that other
stegosaur remains, either bones or tracks, will be
found in mid-latitude areas.
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