
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by: [Salgado, Leonardo]
On: 2 December 2010
Access details: Access Details: [subscription number 930486094]
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Vertebrate Paleontology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t917000010

Reassessment of the vertebral laminae in some South American
titanosaurian sauropods
Leonardo Salgadoa; Jaime E. Powellb

a Conicet-Inibioma, Museo de Geología y Paleontología, Universidad Nacional del Comahue, Neuquén,
Argentina b Facultad de Ciencias Naturales, Universidad Nacional de Tucumán, Tucumán, Argentina

Online publication date: 02 December 2010

To cite this Article Salgado, Leonardo and Powell, Jaime E.(2010) 'Reassessment of the vertebral laminae in some South
American titanosaurian sauropods', Journal of Vertebrate Paleontology, 30: 6, 1760 — 1772
To link to this Article: DOI: 10.1080/02724634.2010.520783
URL: http://dx.doi.org/10.1080/02724634.2010.520783

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t917000010
http://dx.doi.org/10.1080/02724634.2010.520783
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Journal of Vertebrate Paleontology 30(6):1760–1772, November 2010
© 2010 by the Society of Vertebrate Paleontology

ARTICLE

REASSESSMENT OF THE VERTEBRAL LAMINAE IN SOME SOUTH AMERICAN
TITANOSAURIAN SAUROPODS

LEONARDO SALGADO*,1 and JAIME E. POWELL2

1Conicet–Inibioma, Museo de Geologı́a y Paleontologı́a, Universidad Nacional del Comahue, Buenos Aires 1400, 8300 Neuquén,
Argentina., lsalgado@uncoma.edu.ar;

2Facultad de Ciencias Naturales, Universidad Nacional de Tucumán, Miguel Lillo 205, 4000 Tucumán, Argentina,
powell.jaime@gmail.com

ABSTRACT—The neural spines of the sauropod presacral vertebrae contain a series of osseous laminae of unquestionable
phylogenetic significance. However, the lack of articulated presacral series has impeded identification of these structures in
many taxa. Titanosaur sauropods present a pattern of neural laminae that is somewhat different from other groups, especially
to diplodocids. Understanding these differences is important in order to score adequately characters related to vertebral
anatomy, in phylogenetic analyses of the Sauropoda. Particularly, many titanosaurs present two spinodiapophyseal laminae
in the posterior dorsal vertebrae. Additionally, these taxa show the apparent disappearing of the postzygodiapophyseal lamina
in those vertebrae. Other titanosaurs have a single posterior dorsal spinodiapophyseal lamina, but this probably corresponds
to one (probably the anterior) of the two spinodiapophyseal laminae of the posterior dorsals of the other titanosaurs.

INTRODUCTION

The osseous laminae that compose the presacral neural spines
of the sauropod dinosaurs are, indeed, of a great systematic value.
Wilson (1999) provided an actualized nomenclature for these
structures, and briefly discussed their distribution among the Di-
nosauria. Wilson’s important contribution made evident the ne-
cessity for restudying the presacral vertebrae in some groups of
inadequately known sauropods, in order to detect possible vari-
ations from the basic sauropod pattern present in Late Jurassic
taxa such as diplodocids and camarasaurids.

Salgado et al. (2006) studied vertebral laminae in one of these
groups: the titanosaurs, which include all descendants of the com-
mon ancestor of Andesaurus Calvo and Bonaparte, 1991, and
Saltasaurus Bonaparte and Powell, 1980 (Wilson and Upchurch,
2003). Salgado et al. (2006) investigated, among other issues, the
orientation and relative development of the spinodiapophyseal
lamina, an important component of the sauropod dorsal neural
spine, the presence of which has been considered by Upchurch
(1998), Wilson and Sereno (1998), and Wilson (2002) as diagnos-
tic of the clade Barapasaurus Jain, Kutty, Roy-Chowdhury, and
Chatterjee, 1975, plus other more derived sauropods.

The goal of this paper is to provide a detailed description of the
presacral neural spines of a number of selected South American
titanosaurs, in order to identify spinal laminae and their relative
development. The relatively complete presacral series, such as
those of Euhelopus zdanskyi Wiman, 1929, Epachthosaurus sciut-
toi Powell, 1990, Trigonosaurus pricei Campos, Kellner, Bertini,
and Santucci, 2005, and Rapetosaurus krausei Curry Rogers and
Forster, 2001, are available, making it possible to reinterpret
the vertebral morphology in other titanosaurs, the presacral se-
quence of which is partially represented by only a few elements.

Institutional Abbreviations—CNS-V, Vertebrate Paleontol-
ogy, Universidad Nacional de Salta, Facultad de Ciencias Nat-
urales, Argentina; CPP, Centro de Pesquisas Paleontológicas
L.I. Price, Uberaba, Brazil; IANIGLA-PV, Vertebrate Paleon-
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tology, Instituto Argentino de Nivologı́a, Glaciologı́a y Ciencias
Ambientales, Mendoza, Argentina; MACN-CH, Chubut collec-
tion, Museo Argentino de Ciencias Naturales, Buenos Aires, Ar-
gentina; MCF-PVPH, Vertebrate Paleontology, Museo “Carmen
Funes” de Plaza Huincul, Neuquén, Argentina; MCS, Museo
de Cinco Saltos, Rı́o Negro, Argentina; MCT, Museu de Cien-
cias da Terra (Departamento Nacional de Produçao Mineral),
Rio de Janeiro, Brazil; MLP, Museo de La Plata, Buenos Aires,
Argentina; PVL, Vertebrate Paleontology, Fundación Instituto
Miguel Lillo, Tucumán, Argentina; UNPSJB-PV, Vertebrate Pa-
leontology, Universidad Nacional de la Patagonia “San Juan
Bosco,” Comodoro Rivadavia, Chubut, Argentina.

Anatomical Abbreviations—acpl, anterior centroparapophy-
seal lamina; all, anterolateral lamina; ap, aliform process; apcdl,
accessory posterior centrodiapophyseal lamina; aspdl, anterior
spinodiapophyseal lamina; bl, basal lamina; cpol, centropostzy-
gapophyseal lamina; d, diapophysis; df, deep lateral fossa; dl,
diapophyseal lamina; dr, diagonal ridge; ed, elongate depression;
hpo, hyposphene; le, lateral expansion; ml, median lamina;
nc, neural canal; pcdl, posterior centrodiapophyseal lamina;
pcpl, posterior centroparapophyseal lamina; podl, postzygodi-
apophyseal lamina; posl, postspinal lamina; pp, parapophysis;
prdl, prezygodiapophyseal lamina; prsl, prespinal lamina; prz,
prezygapophysis; pspdl, posterior spinodiapophyseal lamina;
pz, postzygapophysis; sd, shallow depression; spdl, spinodi-
apophyseal lamina; spol, spinopostzygapophyseal lamina; sprl,
spinoprezygapophyseal lamina; td, triangular depression; wps,
wide planar surface.

MATERIALS AND METHODS

The specimens included in this study are:
UNPSJB-PV 920 (Epachthosaurus sciuttoi Powell, 1990), a

partial skeleton lacking skull and neck, the first six dorsal ver-
tebrae, and the distal-most caudal vertebrae. A preliminary de-
scription of this specimen was provided by Martı́nez et al. (2004).

PVL 4628 (MACN-CH 217) (Argyrosaurus superbus?
Lydekker, 1893), specimen composed of three dorsal and three

1760

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
S
a
l
g
a
d
o
,
 
L
e
o
n
a
r
d
o
]
 
A
t
:
 
0
9
:
2
7
 
2
 
D
e
c
e
m
b
e
r
 
2
0
1
0



SALGADO AND POWELL—VERTEBRAL LAMINAE IN TITANOSAURS 1761

FIGURE 1. Epachthosaurus sciuttoi UNPSJB-PV 920. Dorsal vertebrae
9 and 10 in left lateral and dorsal views (redrawn from Martı́nez et al.,
2004).

caudal vertebrae; a left scapula, left and right humeri, radii and
ulnae; right pubis; incomplete right femur; incomplete left tibia;
and some rib fragments (Powell, 1986, 2003). The holotype of Ar-
gyrosaurus superbus (MLP 77-V-29–1) is a forelimb (described
in Lydekker, 1893) that comes probably from the same strati-
graphic unit. Powell (1986, 2003) interpreted that the dorsal ver-
tebrae of PVL 4628 correspond to a mid- (the fifth?) and two
(the 9th? and 10th?) posterior dorsal vertebrae. Powell’s dorsal
vertebra 5? was considered by Bonaparte (1999:fig. 35B) to be
a mid-anterior dorsal vertebra; the 9th? and 10th? are, respec-
tively, Bonaparte’s “posterior” and “anterior” dorsals (op. cit.:
fig. 35A, C).

MCF-PVPH 1 (holotype of Argentinosaurus huinculensis
Bonaparte and Coria, 1993), seven dorsal vertebrae; dorsal 3?
(interpreted as first dorsal by Bonaparte and Coria [1993:fig. 2],
and as the 5th dorsal by Novas and Ezcurra [2006]); dorsal 4?
(interpreted by Bonaparte and Coria [1993:fig. 4] and Novas and
Ezcurra [2006] as 3rd dorsal); dorsal 5? (thought to be a posterior
dorsal by Bonaparte and Coria [1993:fig. 5B] and the 4th dorsal
by Novas and Ezcurra [2006]); dorsals 6–7?, articulated (inter-

preted by Bonaparte and Coria [1993:fig. 5A] as posterior dor-
sals); a dorsal 9? (supposed to be the 2nd dorsal by Bonaparte
and Coria [1993:fig. 3], and a 10–11 by Novas and Ezcurra [2006]);
and an undescribed posterior dorsal.

MCT-1488-R (holotype of Trigonosaurus pricei Campos,
Kellner, Bertini, and Santucci, 2005), which comprises a series of
five cervicals and 10 dorsals (last cervical and all dorsals articu-
lated), sacrum and left ilium (Powell, 1987; Campos et al., 2005).

IANIGLA-PV 076/1 (referred material to Mendozasaurus
neguyelap González Riga, 2003), a mid-posterior cervical verte-
bra; IANIGLA-PV 076/3 (referred material to M. neguyelap), a
posterior cervical vertebra (referred material to M. neguyelap);
IANIGLA-PV 076/4, a cervico-dorsal vertebra; IANIGLA-PV
066 (paratype), an anterior dorsal vertebra. These materials have
been described in detail by González Riga (2003, 2005). In this
work, we will only redescribe the laminae of the neural spine.

The material examined of Saltasaurus loricatus Bonaparte and
Powell, 1980, corresponds to the series PVL-4017, which, to-
gether with specimens CNS-V 10023 and 10024, constitutes the
hypodigm of the species. According to Powell (1986), all of these
bones belong, at least, to five specimens of different ontogentic
stages.

The material examined of Neuquensaurus australis (Lydekker,
1893) corresponds to the series ‘Lydekker’ and ‘Cinco Saltos,’
mentioned in Powell (1986), and to the specimen MCS-5,
described by Salgado et al. (2005). This last material is an in-
complete, partially articulated skeleton, consisting in a posterior
cervical vertebra, six mid- and posterior dorsal vertebrae, an
articulated pelvis, 15 caudal vertebrae, a left ischium, both
femora, right tibia, fibula, and astragalus, three hemal arches,
and two bony plates.

DESCRIPTION OF THE NEURAL LAMINAE

Spinodiapophyseal Lamina

In Epachthosaurus sciuttoi the 5th dorsal neural spine is not
preserved. In the 6th dorsal vertebra, the spinodiapophsyeal
lamina gives the impression of being divided in two ‘rami,’ which
we interpret as different laminae: the posterior spinodiapophy-
seal lamina, which is adjacent and practically parallel to the
postzygodiapophyseal lamina and reaches the so-called ‘aliform
process’ (see below), and the anterior spinodiapophyseal lamina,
which extends onto the anterior face of the neural spine. Both
anterior and posterior spinodiapophyseal laminae have in com-
mon their diapophyseal segment, which produces the effect of a
single, distally divided lamina (Martı́nez et al., 2004:fig. 3b). This
inference is supported by what is observed in dorsal vertebrae
9 and 10, and in other titanosaurs, such as Trigonosaurus (see
below) and Barrosasaurus Salgado and Coria, 2009.

In the dorsal vertebra 6 of Epachthosaurus, Martı́nez et al.
(2004) referred to the existence of ‘aliform processes,’ that is, lat-
eral expansions of the dorsal segments of the spinodiapophyseal
laminae (in our terminology these would be the posterior spinodi-
apophyseal laminae). These triangular processes constitute the
lateral-most points of the neural spine (Martı́nez et al., 2004:
fig. 3C). The aliform processes are widespread among sauropods
and were first recognised as characters by Upchurch (1995, 1998).

In the dorsal vertebra 7 of Epachthosaurus, the angle be-
tween the postzygodiapophyseal lamina and the posterior spin-
odiapophyseal lamina is greater than in the precedent vertebra.
Martı́nez et al. (2004) stated that, in this bone, the cavity that
is ventrolateral to the ‘prespinal lamina’ (here named as median
lamina) is bounded by a ‘secondary ramus of the spinodiapophy-
seal lamina’; this is, according to our interpretation, the anterior
spinodiapophyseal lamina. The main ramus, which contacts the
‘aliform process,’ is, as in dorsal vertebra 6, the posterior spinodi-
apophyseal lamina.
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FIGURE 2. Argyrosaurus superbus? PVL 4628 (MACN-CH 217). Dorsal vertebra 5? in A, anterior; B, lateral; and C, posterolateral views. Dorsal
vertebra 9? in D, lateral and E, dorsoanterolateral views. Dorsal vertebra 10? in F, anterior and G, lateral views.

In the dorsal vertebrae 9 and 10 of Epachthosaurus (Fig. 1),
the anterior and posterior spinodiapophyseal laminae are nearly
parallel and mutually independent at their bases (Martı́nez et al.,
2004:fig. 4B) (Fig. 1). The lamina indicated by Martı́nez et al.
(2004:fig. 4A) as ‘spinodiapophyseal lamina’ in the 10th dorsal
vertebra is, in our interpretation, the anterior spinodiapophyseal
lamina.

The anterior-most posterior dorsal (9?) of Argyrosaurus su-
perbus? Lydekker, 1893, has preserved its spine practically com-
plete (Fig. 2D, E). In this vertebra, there is a conspicuous lamina
named by Powell (1986) as ‘supradiapophyseal,’ which extends
laterally onto the neural spine and expands distally in a broad
lateral plane. This wide planar surface (Fig. 2E), indeed, is some-
what anteriorly oriented, in a way that its posterior rim is lat-
eral with respect to the anterior one. We interpret that the poste-
rior rim corresponds to the trace of posterior spinodiapophyseal
lamina, and the anterior one to the anterior spinodiapophyseal
lamina (Fig. 2D, E). The lateral-most points of the distal neu-
ral spine match, as in Epachthosaurus, with the distal end of the
posterior spinodiapophyseal lamina (Fig. 2D, E). The dorsal 10?
(Fig. 2F, G) exhibits noticeable differences with respect to the
anterior-most posterior dorsal, which may be due to the exis-
tence of one or more intermediate elements. The whole left part

of this vertebra and the end of its neural arch are missing. Only
the left postzygapophysis is preserved (although badly). On the
posterodorsal area of the diapophysis, the base of a lamina that is
oriented upwards and backwards is observed: this is most likely
the posterior spinodiapophyseal lamina (Fig. 2G), less probably
the postzygodiapophyseal lamina.

Dorsal 3? of Argentinosaurus huinculensis has an antero-
posteriorly short neural spine (Fig. 3A–C). Its distal end is
transversely expanded by the existence of triangular lateral
processes, here interpreted as homologous to the ‘aliform
processes’ of Epachthosaurus (Bonaparte and Coria, 1993:
fig. 2). In this vertebra, anteriorly with respect to the posterior
spinodiapophyseal lamina, there is the anterior spinodiapophy-
seal lamina (which connects the base of the diapophysis with the
anterior face of the neural spine) (Fig. 3A, B). This structure
was named as ‘accessory spino-diapophsyeal lamina’ by Salgado
et al. (1997) and ‘lámina espinodiapofisial relictual’ by Salgado
et al. (2006). Bonaparte and Coria (1993) regarded the anterior
spinodiapophyseal laminae of Argentinosaurus not as true
laminae, but as ventrolateral bifurcations of a ‘prespinal ridge.’
According to these authors, a true prespinal lamina is enclosed
between these bifurcations. Thus, Bonaparte and Coria (1993:
fig. 2) recognized a morphological discontinuity in the median
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FIGURE 3. Argentinosaurus huinculensis
MCF-PVPH 1. Dorsal vertebra 3 in A, anterior;
B, lateral; and C, posterolateral views. D,
Dorsal vertebra 5 in dorsolateral view.

spinal structure of the dorsal 3? of Argentinosaurus (it is a ridge
distally, and a true lamina proximally). Here, we consider a single
median lamina (probably the prespinal lamina), in the middle of
which the anterior spinodiapophyseal laminae converge (which,
on the other hand, are not laminar, but mere ridges). In this
vertebra, the posterior spinodiapophyseal lamina and the spino-
postzygapophyseal lamina converge distally in the lateral-most
point of that triangular expansion, as in Epachthosaurus. In
between the postzygodiapophyseal lamina, the posterior spin-
odiapophyseal lamina, and the spinopostzygapophyseal lamina,
there is a triangular depression (Fig. 3B, C), which occupies a
position similar to the ‘suprapostzygapophysial cavity’ of Cama-
rasaurus Cope, 1877 (Osborn and Mook, 1921, figs. 37B, 39).

In the dorsal 4? of Argentinosaurus, the spinodiapophyseal
lamina is not easily identifiable; it only can be perceived that the
lateral border of the neural spine is apparently continuous with
the postero/dorsal border of the transverse process. (Certainly,
this border seems to be more robust at its base.)

In the dorsal 5?, the base of the lamina that constitutes the lat-
eral border of the neural spine, presumably the (single) spinodi-
apophyseal lamina, is placed at a very posterior location (which
means that it is possibly the posterior spinodiapophyseal lamina)
(Fig. 3D). As in the dorsal 4?, the base of the spinodiapophyseal
lamina seems to be unusually robust with respect to the rest of

the lamina. Anteriorly in relation to the spinodiapophyseal lam-
ina, on the rigth side, a broad, smooth surface is observed. On the
left one, however, the situation is not so clear.

In the cervical 12 of Trigonosaurus pricei, there is a deep sin-
gle fossa above the diapophyses. In the last cervical (the 13th),
this fossa is divided by a vertical, moderately developed spin-
odiapophyseal lamina (Powell, 1987:lam. 2.1a), which Powell
(1987:158) reports as a ‘supra-diapophyseal’ lamina. The exis-
tence of a spinodiapophyseal lamina in a posterior cervical has
not been reported in other titanosaurs (it is clearly present in the
cervico-dorsal of Mendozasaurus).

The spinodiapophyseal lamina, just insinuated in the last cer-
vical of Trigonosaurus, is virtually absent in the first dorsal; it be-
comes visible as ‘accessory diapophyseal laminae’ (according to
the terminology employed by Campos et al., 2005), just by dorsals
4–5 (Fig. 4A, B). Campos et al. (2005) also recorded this ‘acces-
sory’ lamina in dorsals 5 and 7. According to Powell (1987), in the
6th and 7th dorsals of Trigonosaurus pricei, the ‘supradiapophy-
seal’ lamina is distally divided in two ‘rami.’ The anterior ‘ramus’
is, precisely, the referred ‘accessory lamina,’ which is here inter-
preted as the anterior spinodiapophyseal lamina.

In dorsals 4–5 of Trigonosaurus, the greater spinodiapophy-
seal lamina (the posterior spinodiapophyseal lamina) was consid-
ered as postzygodiapophyseal lamina by Salgado et al. (2006). As
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FIGURE 4. Trigonosaurus pricei MCT-1488-R. Dorsal vertebrae 4 and
5 in A, dorsal and B, lateral views (redrawn from Campos et al., 2005).

discussed below, it is here reinterpreted as a subdivision of the
original postzygodiapophyseal lamina, at least the lamina ob-
served in dorsal 5 (Fig. 4B).

In the Centro de Pesquisas Paleontológicas L. I. Price of
Peirópolis (Uberaba, Minas Gerais, Brazil), there is an unpub-
lished series of three vertebrae assignable to Trigonosaurus pri-
cei, which come from a single locality and horizon (L. C. B.
Ribeiro, pers. comm.). Two of them articulate perfectly, and
the third one corresponds to a more posterior element. CPP-
0116, possibly a dorsal 2, is the anterior-most vertebra of the se-
ries. The parapophyses are on the neural arch; the spinoprezy-
gapophyseal laminae are placed to both sides of the prespinal
lamina, which is well developed. The spinodiapophyseal laminae
(the posterior spinodiapophyseal laminae) are well developed
and placed close and nearly parallel to the postzygodiapophy-
seal lamina. The following vertebra (the CPP-0036) is possibly
a dorsal 3. It is similar to the anterior vertebra, except for the
absence of spinoprezygapophyseal laminae. In this vertebra, the
postzygodiapophyseal lamina is delicate, more than the poste-
rior spinodiapophyseal lamina. In the posterior-most preserved
dorsal, the CPP-103 (possibly the dorsal 5), the parapophyses

are just level with the diapophyses. The postzygodiapophyseal
lamina is absent. Between the posterior and the anterior spin-
odiapophyseal laminae (the latter absent in the previous verte-
brae) there is a deep fossa. In this vertebra, contrary to what is
observed in the holotype specimen, the anterior spinodiapophy-
seal lamina is more robust than the posterior spinodiapophyseal
lamina.

In the cervico-dorsal of Mendozasaurus neguyelap González
Riga, 2003 (Fig. 5C, D), there is a very well developed spin-
odiapophyseal lamina, which is absent in the cervical vertebra
(Fig. 5C, D). This lamina extends onto the anterior face of the
lateral expansions joining distally to the spinoprezygapophyseal
lamina, which is notoriously stouter (Fig. 5C). The existence,
in a single vertebra, of both the spinoprezygapophyseal and the
spinodiapophyseal laminae, is infrequent in titanosaurs, as it is
the fact that both laminae join distally. (In Fig. 5C, the asterisk
indicates the point of union of both laminae.) As discussed
above, in the presacral sequence of Trigonosaurus the anterior
spinodiapophyseal lamina first develops in a vertebra that is
anterior (cranial) with respect to that in which the posterior
spinodiapophyseal lamina is just insinuated; that is, in a (cervical)
vertebra that still retains well-formed spinoprezygapophyseal
laminae. For this reason, we interpret the spinodiapophyseal
lamina of IANIGLA-PV 076/4 as the anterior spinodiapophyseal
lamina, as in the Brazilian genus.

The lateral expansions of the neural spine of IANIGLA-PV
076/4 seem to arise, as in the cervical vertebrae (IANIGLA-
PV 076/1), from a lamina placed dorsally in the supradiapophy-
seal cavity. Between the right spinodiapophyseal lamina and the
spinoprezygapophyseal lamina there is a deep cavity. In contrast,
on the left side, posterior to the spinodiapophyseal lamina, there
is a little fossa.

In the anterior dorsal of Mendozasaurus (IANIGLA-PV 066)
the spinodiapophyseal laminae (presumably the anterior spin-
odiapophyseal laminae) are very robust, being extended over
the anterior face of the spine, parallel to the median lamina, at
least on the distal-most segment of the neural spine (Fig. 5E).
In this vertebra, the spinodiapophyseal lamina is continuous with
the dorsal margin of the transverse process. Between this lam-
ina and the spinopostzygapophyseal lamina there is an elongate
fossa: González Riga (2003)’s supradiapophyseal fossa. There is
no posterior spinodiapophyseal lamina, if our interpretation is
correct.

Unlike Trigonosaurus pricei, none of the preserved cervicals
of Saltasaurus loricatus Bonaparte and Powell, 1980, shows signs
of the spinodiapophyseal lamina. Powell (1986, 2003) mentioned
that the neural spine of the anterior dorsal of Saltasaurus PVL
4017–12 is connected to the diapophysis by means of a strong,
sub-vertical ‘supradiapophysal lamina’ (which is not labeled in
his lam. 24).

In anterior view, in fact, two lateral ridges are observed
in the anterior dorsal of Saltasaurus PVL 4017–12, which are
here interpreted as the anterior and posterior spinodiapophyseal
laminae (Fig. 6A). The posterior spinodiapophyseal lamina is
sharper than the anterior spinodiapophyseal lamina, which in
turn seems to be thicker. Both laminae have in common their
diapophyseal segment, which produces the impression of be-
ing a single, distally bifurcated spinodiapophyseal lamina, as in
Epachthosaurus and Trigonosaurus.The distal end of the pos-
terior spinodiapophyseal lamina coincides with the lateral-most
point of the neural spine. Between the anterior and the poste-
rior spinodiapophyseal laminae there is a small fossa or elongate
depression.

In the mid-dorsal sequence of Saltasaurus PVL 4017–42, the
anterior spinodiapophyseal lamina seems to gain importance
with respect to the posterior spinodiapophyseal lamina. In fact,
the posterior spinodiapophyseal lamina practically does not exist
as a true lamina, but as a low diagonal ridge that culminates in
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FIGURE 5. Mendozasaurus neguyelap. A, IANIGLA-PV 076/1, mid-posterior cervical vertebra in anterior view. B, detail of the lateral expansion
of the neural spine in anterodorsolateral view. C and D, IANIGLA-PV 076/4, cervico-dorsal vertebra in C, anterolateral and D, anterior views. E,
IANIGLA-PV 066, anterior dorsal vertebra in anterior view.

the lateral-most point of the neural spine. (This can be seen in
the first vertebra of the sequence; Fig. 6B) There is no continuity
between this low ridge and the diapophyseal segment of the spin-
odiapophyseal lamina. The elongated depression between the an-
terior and posterior spinodiapophyseal laminae is still present in
PVL 4017–42 (Fig. 6B, C). The low ridge to which the poste-
rior spinodiapophyseal lamina is reduced is observed still in the
posterior-most dorsals (PVL 4017–13 [Fig. 7C] and 4017–15).

The spinodiapophyseal lamina observed in the posterior dor-
sals of Saltasaurus corresponds very probably to the anterior
spinodiapophyseal lamina, whereas the posterior spinodiapophy-
seal lamina seems to have virtually dissapeared, except possi-
bly in PVL 4017–13 (Fig. 7C) and in PVL 4017–135, where it
remains as a mere low ridge. The neural spines are distally an-
teroposteriorly thickened; a potential diagnostic character of the
species according to Powell (1986, 2003). In proximal view, the
tip of the neural spine is roughly rectangular. In some cases (PVL
4017–15; Fig. 7G, H), the posterior corners of such a rectangle are
more lateralized than the anterior ones; in others (PVL 4017–135;
Fig. 7D, E), the anterior corners are leveled with respect to
the posterior ones; this variation probably responds to the
differential development of the anterior spinodiapophyseal lam-
ina and (the relict of) the posterior spinodiapophyseal lamina.

The spinodiapophyseal lamina is conspicuous in the anterior
dorsals of Neuquensaurus australis (Fig. 8A, B); in the 4th dor-

sal (MCS-5/18), the ending point of this lamina coincides with a
lateral expansion of the distal neural spine, which confers to the
spine a romboid appearance in antero/posterior view (Salgado
et al., 2005:fig. 3B, D). The dorsal expression of this expansion is
a slightly concave, anterodorsally oriented surface. (The anterior
border of this expansion is probably the anterior spinodiapophy-
seal lamina.)

In the 7th dorsal of Neuquensaurus (MCS-5 /20), the widest
point of the distal end of the neural spine, which concides with the
distal end of the spinodiapophyseal lamina, is anteriorly placed
(the base of the ‘sub-triangle’ is anterior). This fact reveals that
the spinodiapophyseal lamina is probably the anterior spinodi-
apophyseal lamina (Fig. 8C). (Probably, like in Saltasaurus, the
distal segment of the posterior spinodiapophyseal lamina disap-
pears towards the posterior dorsals, and the base of the anterior
spinodiapophyseal lamina of the posterior dorsals is the former
common base of both spinodiapophyseal laminae.)

In the 8th dorsal of Neuquensaurus (MCS-5 /21), the spin-
odiapophyseal lamina is apparently divided in two ‘rami.’ The
posterior ‘ramus’ (which we interprete as the posterior spin-
odiapophyseal lamina) is the most developed; it is indicated
as ‘spinodiapophyseal lamina’ by Salgado et al. (2005:fig. 4B).
Between the posterior spinodiapophyseal and spinopostzy-
gapophyseal laminae there is a fossa, illustrated but not indicated
by Salgado et al. (2005:fig. 4B). The anterior ‘ramus,’ in turn, is
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FIGURE 6. Saltasaurus loricatus. A, PVL 4017–12, dorsal 2/3 in anterior view. B and C, PVL 4017–42, dorsal vertebrae 5–7 in B, lateral and C,
anterodorsal views.

interpreted as the incipient anterior spinodiapophyseal lamina.
In dorsal view, the widest points of the tip of the neural spine
of the 8th dorsal of Neuquensaurus are posteriorly located;
apparently, these coincide with the end of the (well-developed)
posterior spinodiapophyseal laminae.

In the 9th dorsal of Neuquensaurus (MCS-5 /22), the anterior
spinodiapophyseal laminae have a greater relative development
(Fig. 8D–F); the posterior spinodiapophyseal laminae are barely
discernible on the lateroposterior areas of the end of the neural
spine, but not as true laminae but as mere low rims, as observed in
the posterior dorsals of Saltasaurus loricatus. Precisely, the con-
fluence of the virtual extension of these rims and the spinopostzy-

gapophyseal laminae takes place in the lateral-most points of the
end of the neural spine (Fig. 8E, F).

In the 10th dorsal of Neuquensaurus (MCS-5 /23), the ante-
rior spinodiapophyseal laminae are conspicuous. In dorsal view,
the end of the spine looks as a trapezium (with its longer
axis transversely oriented, and with its posterior side being
slightly longer than the anterior one). Precisely, the anterior
spinodiapophyseal laminae conform the anterior corners of the
trapezium (as in the 9th dorsal), whereas the posterior cor-
ners correspond to the union of the spinopostzygapophyseal
lamina with the (barely visible) posterior spinodiapophyseal
lamina.
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FIGURE 7. Saltasaurus loricatus. A and B, PVL 4017–13, posterior dorsal vertebra in A, anterior; B, posterior; and C, posterolateral views. D and E,
PVL 4017–135, posterior dorsal vertebra in D, lateral and E, dorsal views. F, PVL 4017–137, posterior dorsal vertebra in lateral view. G and H, PVL
4017–15, posterior dorsal vertebra in G, lateral and H, dorsal views.
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FIGURE 8. Neuquensaurus australis. MCS-5. A, 4th dorsal vertebra in lateral view; B, 5th dorsal vertebra in lateral view; C, 7th dorsal vertebra in
lateral view; D–F, 9th dorsal vertebra in posterior, lateral, and dorsal views.

Postzygodiapophyseal Lamina

In the dorsal vertebrae of Epachthosaurus there is a lam-
ina connecting the postzygapophysis with the diapophysis: the
postzygodiapophyseal lamina (Martı́nez et al., 2004:fig. 3B)
(Fig. 1A, B).

In the dorsal 5? of Agyrosaurus superbus? in posterolateral
view, a robust lamina that extends posteriorly from the diapoph-
ysis is observed (Fig. 2C). Because the postzygapophysis is not
well preserved, it is impossible to know whether this lamina con-
nected to it; if not, it definitely reached a nearby point. Inter-
estingly, on its postzygapophyseal segment, this lamina seems to
be slightly bifurcated in two ‘rami,’ one ventral (posterior) and
other dorsal (anterior), between which there is a shallow depres-
sion (Fig. 2C). According to our interpretation, the ventral ‘ra-
mus’ would correspond to the postzygodiapophyseal lamina (or,
less probably, to the posterior spinodiapophyseal lamina) and the
dorsal one to the single spinodiapophyseal lamina (or, eventu-

ally, to the anterior spinodiapophyseal lamina). In the dorsal 9?
of Argyrosaurus?, there is no evidence of a postzygodiapophyseal
lamina. In the dorsal 10?, the existence of this lamina is not sure.

The development of the postzygodiapophyseal lamina is vari-
able in the dorsal vertebrae of Argentinosaurus. In the dorsal 3?,
it is poorly developed (Fig. 3B, C) (although this sector of the
spine is badly preserved). The dorsal 5? has a conspicuous postzy-
godiapophyseal lamina (Bonaparte and Coria, 1993:fig. 5B) (Fig.
3D), but in the dorsal 6?, this lamina, if present, is short. In the
dorsal 9?, there is a poorly developed postzygodiapophyseal lam-
ina, which connects the postzygapophysis with the posterior face
of the transverse process. Unlike the other dorsal vertebrae, in
this vertebra the postzygodiapophyseal lamina is not continuous
with the posterior margin of the transverse process (Bonaparte
and Coria, 1993:fig. 3A).

The postzygodiapophyseal lamina is absent in the poste-
rior dorsals of Trigonosaurus (5–8) (Fig. 4). Powell’s ‘poste-
rior horizontal lamina’ (the true postzygodiapophyseal lamina) is
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important only in the last dorsal (dorsal 10) (Powell, 1987, 2003).
According to Campos et al. (2005), ‘dorsal vertebrae 9 and 10
with incipient postzygodiapophyseal lamina’ constitutes a diag-
nostic character of Trigonosaurus pricei.

In the cervical of Mendozasaurus, the postzygodiapophyseal
lamina is short and weak. In the cervico-dorsal, the postzygodi-
apophyseal lamina is not evident, because this part of the bone is
not well preserved.

In the anterior dorsal of Mendozasaurus, the postzygodi-
apophyseal lamina, if present, is weakly developed, probably be-
cause of the reduced room existing between the postzygapophysis
and the diapophysis.

The postzygodiapophyseal lamina is well developed in all pre-
served cervicals of Saltasaurus; Powell (1986:134) called it the
‘oblique lamina.’ There is no trace of the postzygodiapophyseal
lamina in the anterior dorsal of Saltasaurus PVL 4017–12. In
the mid-dorsal sequence PVL 4017–42, there is a small postzy-
godiapophyseal lamina, just in the 3rd vertebra of the sequence
(7th?), and only on the right side (though badly preserved). In
PVL 4017–215, the postzygodiapophyseal lamina is completely
absent.

The posterior-most dorsal vertebrae of Saltasaurus loricatus
exhibit a well-developed postzygodiapophyseal lamina (Fig. 7).
At least in one case (PVL 4017–135), the diapophyseal segment
of the right postzygodiapophyseal lamina is forked (a similar bi-
furcation is observed in the 10th? dorsal of Neuquensaurus aus-
tralis [Salgado et al., 2005:fig. 4D]).

In the anterior dorsal vertebrae of Neuquensaurus (MCS-5
/18–19), the postzygodiapophyseal lamina is modest (Fig. 8A, B).
In the 7th dorsal, two laminae are clearly present (Fig. 8C); in the
8th dorsal, it is very poorly developed.

Spinoprezygapophyseal, Spinopostzygapophyseal, Prespinal,
and Postspinal Laminae

In the 6th dorsal vertebra of Epachthosaurus, there is a con-
spicuous anterior median lamina, which is bifurcated at its base
(Martı́nez et al., 2004:fig. 3C). The identity of this lamina and
its bifurcations is not clear. Martı́nez et al. (2004) explained
that, in this vertebra, the prespinal lamina forks into the spino-
prezygapophyseal laminae. Also Powell (1986) understood that
the short paired basal laminae observed in the holotype of
Epachthosaurus sciuttoi (MACN-CH 1317; a posterior dorsal ver-
tebra) corresponded to the spinoprezygapophyseal laminae. A
similar opinion was given by Bonaparte (1999:151) with respect
to the mid- and posterior dorsal vertebrae of his ‘brachiosaurid-
type’: “las láminas supraprezigapofisiales (. . .) se unen en el
tercio superior de las últimas dorsales, formando una lámina
prespinal incipiente” (“the supraprezygapophyseal laminae (. . .)
join in the upper third of the last dorsals, forming an incipient
prespinal lamina”). According to Wilson (1999), this is concep-
tually impossible; only three alternatives would be here admissi-
ble: (1) the basal laminae are actually the spinoprezygapophyseal
laminae and the single median lamina is a complex formed by
the distal segment of the spinoprezygapophyseal laminae and the
prespinal lamina; (2) the basal laminae are relict of spinoprezy-
gapophyseal laminae (reduced to their bases) and the single me-
dian lamina is the prespinal lamina; and (3) the basal laminae
are truly branches (bifurcations) of the prespinal lamina, which
in turn forms the median lamina. In the case of Epachthosaurus,
options 1 and 2 are the less plausible, because of the absence of a
relict of prespinal lamina enclosed between both basal laminae.

In the dorsal 5? of Agyrosaurus superbus?, in anterior view
(Fig. 2A), a conspicuous, although not well-preserved, median
lamina is preserved (probably it is the prespinal lamina). There-
fore, we cannot determine whether it is bifurcated at its base, as
in Epachthosaurus. In the dorsal 9?, the median lamina is present
(Fig. 2D, E) and the spinopostzygapophyseal laminae are poorly

developed and very close one to each other. In the dorsal 10?,
a paired, vertical lamina connects the anterolateral region of the
base of the neural spine (in proximity of the base of the prezy-
gapophysis) with its end (Fig. 2F, G). Between both laminae there
is a median lamina completely formed up to the base of the spine
(Fig. 2F). The space between the anterolateral lamina and the
base of the posterior spinodiapophyseal lamina is deeply exca-
vated. The identity of the anterolateral laminae of the neural
spine of this vertebra is not clear. One possibility is that these
correspond to the spinoprezygapophyseal laminae, although it is
conflicting with the absence of these structures in the anterior
vertebrae. Apparently, Bonaparte (1999) accepted this opinion,
because he considered this vertebra as an anterior dorsal verte-
bra (whereas for Powell [1986], it is a posterior dorsal vertebra,
the posterior-most vertebra of the preserved sequence). Another
possibility is that these laminae are branches of a (bifurcated)
prespinal lamina. This is improbable, taking into account that
the observed median lamina, which is probably the true prespinal
lamina, is here preserved as an unpaired structure up to the base
of the neural spine. A third possibility is that it corresponds to a
new lamina, unrecorded in other titanosaurs. Finally, these struc-
tures may be extremely developed anterior spinodiapophyseal
laminae. (In the anterior-most posterior dorsal vertebra, these
are only incipiently developed.) If so, it is noteworthy that this
lamina and the (supposed) posterior spinodiapophyseal lamina
(of which only its base is preserved) are confluent toward the end
of the neural spine, whereas in Epachthosaurus sciuttoi, both lam-
inae diverge distally.

None of the preserved dorsals of Argyrosaurus superbus? show
traces of a postspinal lamina, although this part of the spine is
badly preserved in all vertebrae. Nevertheless, the spinopostzy-
gapophyseal laminae, poorly developed, are very close to the
midline, so that the room for a hypothetical postspinal lamina is
drastically reduced.

In the dorsal 3? of Argentinosaurus, the spinoprezygapophy-
seal laminae are absent; only the right spinopostzygapophyseal
lamina is preserved (although there is only the left postzygapoph-
ysis) (Fig. 3A, B). The postspinal lamina is not discernible, but
this may be due to bad preservation. In the dorsal 4?, the median
lamina is not discernible (it is probably eroded).

In the dorsal 5? of Argentinosaurus, the median lamina, the
spinopostzygapophyseal lamina and the postspinal lamina are not
preserved (Fig. 3D). In the dorsal 9?, the spinopostzygapophyseal
laminae are very weakly developed, and the postspinal lamina is
not preserved.

The spinoprezygapophyseal laminae, well developed in all the
cervicals of Trigonosaurus, enclose a prespinal fossa, which is
particularly deep in the posterior cervicals. Also the spinopostzy-
gapophyseal laminae are well developed in the cervical series. In
the first dorsal vertebra of this sauropod, a modest prespinal lam-
ina is observed between both spinoprezygapophyseal laminae.
The spinoprezygapophyseal laminae reduce to disappear in the
mid-dorsal vertebrae, but the prespinal lamina is well developed
throughout the dorsal sequence (Fig. 4). The postspinal lamina
is, in general, moderately developed in all dorsal vertebrae of
Trigonosaurus pricei.

In the cervical vertebra of Mendozasaurus, the notably robust
spinoprezygapophyseal laminae enclose a broad concavity (Fig.
5A); these laminae do not reach the top of the neural spine, but
extend only on its basal third. The prespinal lamina is apparently
absent, although this region of the spine is not well preserved.
The cervical neural spine is unusually wide, because of the occur-
rence of broad triangular lateral expansions (Fig. 5A, B). These
expansions, unique among the Sauropoda, are developed from a
lamina, which is located on the dorsal area of a deep cavity ex-
isting between the spinoprezygapophyseal and the spinopostzy-
gapophyseal laminae (the ‘supradiapophyseal cavity’ of González
Riga, 2005) (Fig. 5B). The basal segment of this new lamina is,
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apparently, loosely connected with the spinopostzygapophyseal
lamina. As observed in posterior view, the cervical spinopostzy-
gapophyseal laminae are well developed, and mutually widely
separated, like the spinoprezygapophyseal laminae. There is no
postspinal lamina.

In the cervico-dorsal vertebra, the lateral expansions are much
less developed than in the cervical vertebra. The spinoprezy-
gapophyseal laminae are also less developed and closer to the
midline than in the cervical vertebra; between both there is a
prespinal lamina, which is actually absent in the cervical verte-
bra (Fig. 5D). This structure, unlike the spinoprezygapophyseal
laminae, seems to reach the top of the low cervico-dorsal neural
spine. In this vertebra, the spinopostzygapophyseal lamina, badly
preserved, is only on the left side.

In the anterior dorsal vertebra of Mendozasaurus, the spino-
prezygapophyseal laminae, very reduced and restricted to the
base of the neural spine, arise from the posteromedial margin
of the prezygapophyses (Fig. 5E). Between both, the basal seg-
ment of a prespinal lamina is present. (It is not possible to know
whether the median lamina is the prespinal lamina alone, or the
spinoprezygapophyseal laminae fused to the prespinal lamina.)
The neural spine of this vertebra is tranversely very narrow: the
lateral expansions, which are the most characteristic feature in
the cervical vertebrae, are not present. In turn, the median lam-
ina, as the anterior spinodiapophyseal laminae, does not seem to
extend up to the end of the neural spine. Distally, the median
lamina is somewhat more developed than the anterior spinodi-
apophyseal lamina.

The anterior cervical neural spine of Saltasaurus is formed
mainly by the spinoprezygapophyseal and spinopostzygapophy-
seal laminae, as in other sauropods. In lateral view, the anterior
margin of the neural spine is nearly vertical, which is due to the
relatively posterior location of the prezygapophyses, and the con-
comitant retreat of the base of the spinoprezygapophyseal lami-
nae. These last laminae are very close one to each other. Pow-
ell (1986) referred to the existence of strong spinoprezygapophy-
seal laminae; however, these structures are modest in relation to
other titanosaurs, such as Trigonosaurus pricei (Campos et al.,
2005). In PVL 4017–3, one of the anterior-most preserved cervi-
cal vertebrae, there are no signs of a prespinal lamina. In turn,
the cervical spinopostzygapophyseal laminae of Saltasaurus are
nearly horizontal, owing to the fact that the neural spine is very
low.

As can be seen in PVL 4017–40 and PVL 4017–5, the spino-
prezygapophyseal laminae, moderately developed, are very close
to the median-sagittal plane of the vertebra in the posterior cer-
vical vertebrae of Saltasaurus loricatus. In PVL 4017–6 and PVL
4017–7, between both spinoprezygapophyseal laminae, there is a
shallow surface; this is markedly different from what is observed
in the posterior cervical vertebrae of Trigonosaurus, where the
spinoprezygapophyseal laminae are true pillars that enclose a
very deep depression. In PVL 4017–7 and 4017–9, there is a me-
dian rugosity that can be interpreted as an incipient prespinal
lamina. As observed in PVL 4017–8, this structure does not reach
the base of the spine. The spinopostzygapophyseal laminae are
conspicuous in the posterior cervicals of Saltasaurus, a condition
that is maintained throughout the entire dorsal sequence.

According to Powell (1986, 2003), there is in the anterior
dorsal of Saltasaurus PVL 4017–12 some evidence of a postspinal
lamina and of a prespinal lamina (although, again, these are not
indicated in his plate 24). In fact, the spine is not well developed,
and the prespinal lamina is not evident (Fig. 6A).

Throughout the mid-dorsal sequence of Saltasaurus PVL
4017–42, the neural spines become progressively narrower (trans-
versely) and anteroposteriorly longer. In the 2nd and 3rd ver-
tebrae (6th? and 7th?), it is observed, in anterior view, a single
median lamina (Fig. 6C), which is completely formed up to the
base of the neural spine. (It must be remembered that, in PVL

4017–12, there is not a similar structure.) It is uncertain whether
this median lamina corresponds to the complex formed by the
prespinal and the spinoprezygapophyseal laminae, as proposed
for other sauropods.

In the posterior dorsal vertebrae of Saltasaurus, between the
anterior spinodiapophyseal lamina and the spinopostzygapophy-
seal lamina there is a deep lateral fossa, which is absent in other
titanosaurs, including Neuquensaurus australis (Fig. 7D, G).

Evidently, in all preserved dorsals of Saltasaurus, the spino-
postzygapophyseal lamina is never divided in medial and lateral
spinopostzygapophyseal laminae. As in the cervical vertebrae,
the spinopostzygapophyseal laminae are very robust.

In the anterior dorsal vertebrae of Neuquensaurus, the median
lamina is well developed up to the base of the neural spine. In the
4th and 5th, the spinopostzygapophyseal laminae are very poorly
developed (Fig. 8A, B), and the postspinal lamina is virtually in-
existent, being reduced to a ridge.

In the 7th dorsal vertebra of Neuquensaurus, the end of the
neural spine is sub-triangular in distal view, just a little longer
than wide. The anterior median lamina, although well developed,
does not reach the distal end of the neural spine, which is a clear
difference with Saltasaurus. The spinopostzygapophyseal lami-
nae are poorly developed, and do not reach the top of the neu-
ral spine (Fig. 8C). These laminae are virtually contiguous, which
determines that the surface delimited by the spinodiapophyseal
and spinopostzygapophyseal laminae be lateroposteriorly ori-
ented. Regarding the morphology of the spinopostzygapophy-
seal lamina, Neuquensaurus resembles more Trigonosaurus than
Saltasaurus. A postspinal lamina is not observed in this vertebra,
in part because of the proximity of the spinopostzygapophyseal
laminae.

In the 8th dorsal of Neuquensaurus, the spinopostzygapophy-
seal laminae are very close one to each other, and the surface
existing between the spinopostzygapophyseal and spinodi-
apophyseal laminae is lateroposteriorly oriented, as in the
previous vertebra. In the 9th dorsal, the anterior median lamina
is low, particularly on the distal third of the neural spine. Both
spinopostzygapophyseal laminae become virtually contiguous
toward the end of the neural spine (Fig. 8D–F). In this, Neuquen-
saurus markedly differs from Saltasaurus, where the median and
spinopostzygapophyseal laminae are always well developed. In
these vertebrae, the median lamina does not reach the tip of the
neural spine.

DISCUSSION AND CONCLUSIONS

Salgado et al. (2006) affirmed that in the dorsal vertebrae of
Trigonosaurus, the spinodiapophyseal laminae are represented
by paired accessory laminae, only observable in anterior view.
Thus, for these authors, the most conspicuous lateral spinal lami-
nae are not the spinodiapophyseal but the postzygodiapophyseal
laminae, which are supposedly reoriented and displaced from his
original position.

Examination of the specimen UNPSJB-PV 920 assigned to
Epachthosaurus sciuttoi allows rectifying this assertion. In this
material is evident that the postzygodiapophyseal lamina per-
sists throughout the dorsal sequence and that the supposedly
‘lateralized postzygodiapophyseal lamina’ of Trigonosaurus is in-
deed a distinct lamina (also present in Epachthosaurus), which
would result from the splitting of the true postzygodiapophyseal
lamina: this lamina is here called posterior spinodiapophyseal
lamina. The splitting is apparently produced at different points
of the dorsal sequence: in Trigonosaurus (but also probably in
Epachthosaurus and Argyrosaurus) at the 5th dorsal; in Argenti-
nosaurus, Saltasaurus, and Neuquensaurus, probably in an an-
terior vertebra, because in these genera the posterior spinodi-
apophyseal lamina is well developed and dissociated from the
postzygapophysis in the 5th dorsal.
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Now, in some (probably most) titanosaurs (Trigonosaurus,
Uberabatitan Salgado and Carvalho, 2008, Barrosasaurus Salgado
and Coria, 2009, Opisthocoelicaudia Borsuk Bialynicka, 1977,
etc.), the postzygodiapophyseal lamina, once produced the split-
ting, does not persist as an ossified structure in the immediate fol-
lowing vertebrae, which causes the false impression of being the
postzygodiapophyseal lamina that is being redirected; this gener-
ated the erroneous interpretation of Salgado et al. (2006). The
splitting can be clearly followed in the series CPP-0116, CPP-
0036, and CPP-103, especially in CPP-0036, where the postzygo-
diapophyseal lamina is still present as a very delicate structure,
and the posterior spinodiapophyseal lamina, which is close to the
first lamina, is strong.

The sprouting of the spinodiapophyseal lamina from the
postzygodiapophyseal lamina may be common to other
sauropods, but this has still to be studied. In diplodocoids,
the spinodiapophyseal lamina seems to derive from the spino-
prezygapophyseal lamina (Salgado et al., 2006; Haluza and
Canale, 2008), which suggests that the spinodiapophyseal lam-
ina in both groups is not homologous. This hypothesis may
be supported by the fact that many titanosaurs present two
pair of spinodiapophyseal laminae: the posterior and anterior
spinodiapophyseal laminae. Precisely these last laminae, con-
sidered by Salgado et al. (2006) as the ‘true’ spinodiapophyseal
laminae, are probably homologous to the spinodiapophyseal
laminae present in diplodocoids. The fact that the cervico-dorsal
vertebra of Mendozasaurus (IANIGLA-PV 076/4) presents
a spinodiapophyseal lamina (interpreted here as the anterior
spinodiapophyseal lamina) very close and partially united to
the spinoprezygapophyseal lamina (Fig. 5D), coupled with the
apparent absence of the posterior spinodiapophyseal lamina,
may support this hypothesis.

A ‘double’ spinodiapophyseal lamina is probably present in
other titanosaurs, for instance in Rapetosaurus Curry Rogers and
Forster, 2001. In fact, that lamina labeled in anterior view as
“spdl” by Curry Rogers (2009:figs. 16A, 18A) seems to be the
anterior spinodiapophyseal lamina, whereas the “spdl” observed
in lateral view (Curry Rogers:2009; figs. 16C, 18C), seems to be
the posterior spinodiapophyseal lamina. In Opisthocoelicaudia,
in turn, the aspdl are probably the “accessory supradiapophyseal
lamina” of Salgado et al. (1997:fig. 6F).

In some titanosaurs, for instance in Trigonosaurus, the ante-
rior spinodiapophyseal lamina is manifest firstly in a vertebra (the
last cervical vertebra) that is anterior with respect to the vertebra
in which the splitting of the posterior spinodiapophyseal lamina
from the postzygodiapophyseal lamina initiates (dorsal vertebrae
4 and 5). We are not sure if this is the case in all titanosaurs.

Within Titanosauria, in addition, there are appreciable dif-
ferences in the relative development of both spinodiapophyseal
laminae. In Epachthosaurus, the anterior spinodiapophyseal lam-
ina is always more developed than the posterior spinodiapophy-
seal lamina. In Trigonosaurus, it is more developed than the
posterior spinodiapophyseal lamina, as in Argentinosaurus (al-
though at least in the Brazilian genus, some variation is observed,
as shown by the series CPP-0116, CPP-0036, and CPP-103). In
saltasaurines, the anterior spinodiapophyseal lamina is appar-
ently the most developed spinodiapophyseal lamina, even in the
posterior dorsals. Furthermore, in Saltasaurus, that lamina is vir-
tually the only spinodiapophyseal lamina in the posterior dorsals.
Bonaparte (1999) already called the attention on this; his ‘lámina
diapofiseal posterior,’ is “una lámina entre el borde ánterolateral
de la espina neural y el borde posterior de la diapofisis. Parece
ser una estructura distinta a la llamada lámina supradiapofisial,
representando ası́ un carácter propio de este morfotipo verte-
bral” (“a lamina between the anterolateral border of the neural
spine and the posterior border of the diapophysis. It seems to
be a distinct structure of the so-called supradiapophyseal lamina,
representing thus a proper character of this vertebral morpho-

type”) (his ‘titanosaurid-type,’ as is documented in Saltasaurus
and Trigonosaurus) (Bonaparte, 1999:165).

Differences are also observed in the relative ossification of the
postzygodiapophyseal lamina. In Trigonosaurus, the postzygodi-
apophyseal lamina is ossified just by dorsals 9–10. In Saltasaurus
and Neuquensaurus, more anteriorly (7–8). In no titanosaur,
except Euhelopus Wiman, 1929 (Wilson and Upchurch, 2009),
Epachthosaurus (Martı́nez et al., 2004), and Rapetosaurus (Curry
Rogers, 2009), is the postzygodiapophyseal lamina a permanent
structure.

Salgado et al. (1997:13) claimed that in the posterior dorsal ver-
tebrae of basal titanosauriforms, “both supraprezygapophyseal
(= spinoprezygapophyseal) laminae join dorsally to form a
short prespinal lamina at the distal half of the spine.” As
stated above, some authors, for instance Bonaparte (1999)
for his ‘brachiosaurid-type,’ and Martı́nez et al. (2004) for
Epachthosaurus sciuttoi, agreed that the prespinal lamina is sim-
ply the fusion of both spinoprezygapophyseal laminae. Wilson
(1999) defended the opposite view that the prespinal lamina and
the spinoprezygapophyseal laminae are different structures, and
that the single anterior median lamina observed in the poste-
rior dorsals of sauropods is a complex structure formed by the
fusion of the spinoprezygapophyseal and the prespinal laminae.
This, in fact, can be clearly seen in diplodocids, although in some
titanosaurs, for instance in Trigonosaurus, the situation seems
to be different. In fact, in the Brazilian genus the spinoprezy-
gapophyseal laminae decrease progressively to virtually disap-
pear, instead of joining or fusing to the prespinal lamina; for that
reason, the single median lamina in the posterior dorsal vertebrae
of this dinosaur is here interpreted as the prespinal lamina. This
may have well taken place in other titanosaurs, for instance in
Rapetosaurus (Curry Rogers, 2009:fig. 14A). In contrast, in Euh-
elopus, the sprl seem to persist up to the 7th dorsal (Wilson and
Upchurch, 2009:fig. 18), a unique condition among titanosaurs.

Problems arise in the case of some titanosaurs, such as
Epachthosaurus, Barrosasaurus, Uberabatitan, and CPP-494, in
which the median lamina seems to be divided at its base. Are
these short laminae relicts of the bases of the spinoprezygapophy-
seal laminae, as insinuated by Salgado and Coria (2009) for Bar-
rosasaurus? Are they new structures, attached to the base of the
median lamina, as claimed by Santucci and Bertini (2006) for
CPP-494? Or are they true bifurcations of the prespinal lamina?
Up to now, these questions remain open.

Wilson (1999:647) affirmed that “in all taxa possessing the spin-
odiapophyseal lamina the spinopostzygapophyseal lamina splits
into two rami: paired medial that meet at the midline of the dis-
tal neural spine, and paired lateral rami that connect to their
respective spinodiapophyseal lamina to form composite lateral
laminae.” This seems not to be true for titanosaurs, as Wilson
later recognized. In fact, Wilson (2002:character 100) regarded as
a diagnostic character of Nemegtosauridae + (Isisaurus colberti
+ Saltasauridae) ‘middle and posterior dorsal neural arches with
divided spinopostzygapophyseal lamina’ (although in his matrix,
Rapetosaurus, Isisaurus colberti (Jain and Bandyopadhyay, 1997)
and Saltasaurus are scored as having the plesiomorphic condition
‘single spinopostzygapophyseal lamina,’ which suggests that the
real synapomorphy is ‘middle and posterior dorsal neural arches
with non-divided spinopostzygapophyseal lamina’).

Seemingly, the only laminae of the dorsal neural spine that are
originated de novo (with respect to the laminae observed in the
cervical vertebrae) are the prespinal and postspinal laminae. The
other dorsal neural laminae are all derived by delamination from
some other present in the cervical or anterior-most dorsal verte-
brae. The spinodiapophyseal lamina seems to be a good example
of this second mode of origin.

In basal titanosaurs, such as Epachthosaurus, the widest points
of the dorsal neural spine are the ‘aliform processes’ (the lateral
triangular processes), that is, the point where the spinopostzy-

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
S
a
l
g
a
d
o
,
 
L
e
o
n
a
r
d
o
]
 
A
t
:
 
0
9
:
2
7
 
2
 
D
e
c
e
m
b
e
r
 
2
0
1
0



1772 JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 30, NO. 6, 2010

gapophyseal lamina and the posterior spinodiapophyseal lamina
unite. In most non-saltasaurine titanosaurs, the anterior spinodi-
apophyseal lamina persists as accessory laminae. In saltasaurinae,
in turn, as the posterior spinodiapophyseal lamina virtually dis-
appears, the widest point of the distal neural spine becomes an-
terior, or the distal neural spine becomes more quadrangular in
distal view.
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nosaurio saurópodo del Cretácico de Patagonia (Provincia de
Chubut, Argentina). V Congreso Argentino de Paleontologia y
Bioestratigrafia, Tucumán, Actas 1:123–128.

Powell, J. E. 2003. Revisión of South American titanosaurid dinosaurs:
palaeobiological, palaeobiogeographical, and phylogenetic aspects.
Records of the Queen Victoria Museum 111:1–173.

Salgado, L., and I. S. Carvalho. 2008. Uberabatitan ribeiroi, a
new titanosaur from the Marı́lia Formation (Bauru Group,
Upper Cretaceous), Minas Gerais, Brazil. Palaeontology 51:
881–901.

Salgado, L., and R. A. Coria. 2009. Barrosasaurus casamiquelai gen. et sp.
nov., a new titanosaur (Dinosauria, Sauropoda) from the Anacleto
Formation (Late Cretaceous: early Campanian) of Sierra Barrosa
(Neuquén, Argentina). Zootaxa 2222:1–6.

Salgado, L., S. Apesteguı́a, and S. E. Heredia. 2005. A new speci-
men of Neuquensaurus australis, a Late Cretaceous saltasaurine ti-
tanosaur from North Patagonia. Journal of Vertebrate Paleontology
25:623–634.

Salgado, L., R. A. Coria, and J. O. Calvo. 1997. Evolution of titanosaurid
sauropods I: phylogenetic analysis based on the postcranial evi-
dence. Ameghiniana 34:3–32.

Salgado, L., R. A. Garcı́a, and J. D. Daza. 2006. Consideraciones sobre
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