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Postcranial remains of Notosuchus terrestris Woodward
(Archosauria: Crocodyliformes) from the upper
Cretaceous of Patagonia, Argentina

Diego POL1

Abstract. Postcranial remains of Notosuchus terrestris are described here in detail for the first time.
Comparison of these remains with other crocodyliform taxa revealed that Notosuchus bears numerous post-
cranial characters previously unknown for this group (e.g., axial prezygapophyses arising from the anteri-
or half of the neural arch pedicels, disconnected from the neural spine; well developed suprapostzy-
gapophyseal laminae on cervicodorsal vertebrae; poorly expanded end of ventromedial process of the cora-
coid; presence of a posterior process on proximal end of radiale; presence of three sacral vertebrae, being
the second and third vertebrae completely fused to each other; dorsal surface of ilium flat, rugose, and lat-
eromedially wide, lacking an iliac blade and forming a markedly extensive acetabular roof). The postcra-
nial morphology of Notosuchus also sheds light on some paleobiological aspects of this Cretaceous croco-
dyliform. These include the presence of an erect hindlimb posture for this basal mesoeucrocodylian, sug-
gesting that the sprawling locomotion appeared late during the evolution of Crocodylomorpha.
Furthermore, comparisons with other forms suggest that postcranial morphology of Crocodyliformes is not
as conservative as previously thought, providing a source of phylogenetic information usually overlooked
in previous approaches to crocodyliform systematics.

Resumen. RESTOS POSTCRANEANOS DE NOTOSUCHUS TERRESTRIS WOODWARD (ARCHOSAURIA: CROCODYLIFORMES)
DEL CRETACICO SUPERIOR DE PATAGONIA, ARGENTINA. Se describen aqui en detalle por primera vez restos post-
craneanos de Notosuchus terrestris. Las comparaciones de estos restos con otros crocodyliformes revelan que
Notosuchus posee numerosos caracteres postcraneanos hasta ahora desconocidos para este grupo (e.g.,
prezygapofisis del axis originadas en la mitad anterior de los pedicelos de los arcos neurales, desconectadas
de la espina neural; ldminas suprapostzygapopfiseales en vértebras cervicodorsales; extremo del proceso
ventromedial del coracoides pobremente desarrollado; presencia de un proceso posterior en el extremo
proximal del radial; presencia de tres vértebras sacras, presentando una fusién completa de la segunda y
tercer vértebra; superficie dorsal del ilium plana, rugosa, y lateromedialmente ancha, estando ausente la
lamina iliaca y formando un techo acetabular notablemente extenso). La morfologia postcraneana de
Notosuchus provee también informacién sobre algunos aspectos paleobiolégicos de este crocodyliforme
cretdcico. En éstos se incluye la presencia de una postura erecta en su miembro posterior, sugiriendo que
la condicién semierecta aparecié tardiamente en la historia evolutiva de los Crocodylomorpha. Las com-
paraciones con otras formas sugieren también que la morfologia postcraneana de Crocodyliformes no es
tan conservativa como habia sido sugerido previamente, proveyendo una fuente de informacién filo-
genética cominmente ignorada en trabajos previos de la sistematica de Crocodyliformes.
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Introduction

During the Mesozoic crocodyliforms, a large cla-
de of archosaur reptiles that includes extant croco-
diles and several fossil relatives, achieved a wide
morphological disparity, including terrestrial, ma-
rine, and amphibious taxa. Several terrestrial croco-
dyliforms are known from Cretaceous beds of Gon-
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dwana, particularly in South America. One of these
forms, discovered in northwestern Patagonia in the
XIXth century, is Notosuchus terrestris (Woodward,
1896), a bizarre form found in Bajo de la Carpa For-
mation (?Coniacian-Santonian; Hugo and Leanza,
2001). This taxon draw the attention of many re-
searchers mainly because of the presence of ple-
siomorphic characters in conjunction with a large
number of autapomorphies, depicting Notosuchus as
a distinctive form within Crocodyliformes (Gaspa-
rini, 1971). Notosuchus is currently known from nu-
merous additional skulls found during the XXth cen-
tury in outcrops of the Bajo de la Carpa Formation in
Neuquén and Rio Negro Provinces. However, post-
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cranial remains undoubtedly associated with Noto-
suchus skulls were unknown until now. Here, post-
cranial remains found in close association with skulls
are described for the first time. The study of postcra-
nial remains associated with skulls allows us to im-
prove the knowledge of this crocodyliform’s morphol-
ogy, bearing important features for the analysis of its
mode of life, and additionally offers a novel source of
phylogenetic information for this taxon.

Material and methods

The postcranial remains were described following
the osteological nomenclature proposed by Romer
(1956) and Mook (1921). The counting of cervical ver-
tebrae was done considering the atlas as the first ver-
tebrae. Previous studies suggested that basal croco-
dyliforms had their hindlimbs oriented in a
parasagittal position (Parrish, 1987, Whetstone and
Whybrow, 1983; Carrier, 1987). Following these sug-
gestions, the positional terms used in limb descrip-
tions refer to a vertical orientation of limb elements.
This terminology was also applied to sprawling
forms such as extant crocodiles for uniformity of
terms for comparisons. The nomenclature used for
axial muscles and ligaments was taken from Frey
(1988), while the appendicular muscle nomenclature
follows Romer (1923), Nash (1975), and Rowe (1986).

The postcranial remains of Nofosuchus were com-
pared within the context of crocodyliform diversity,
although special attention was paid to the morpholo-
gy of some taxa with known postcranial remains that
were postulated as closely related to this taxon. In the
text, when a taxon is mentioned for the first time, the
original description of that taxon will be cited.
Further mention to a particular feature of a taxon will
include the reference if the information was gathered
from the literature, or the specimen collection num-
ber if the comparison was based on personal obser-
vations.

Some clades of fossil crocodile relatives are men-
tioned in the following sections such as
Crocodylomorpha, Crocodyliformes, Mesoeucroco-
dylia, Neosuchia, and Crocodylia. These were recog-
nized as successively less inclusive taxonomic
groups by Clark (Benton and Clark, 1988; Clark,
1994) based on cladistic analyses.

The remains described here were collected by ex-
peditions of the Museo Argentino de Ciencias
Naturales (MACN), Museo Provincial Carlos Ame-
ghino (MPCA), and Museo de Geologia y Paleon-
tologia de la Universidad Nacional del Comahue
(MUC) and are housed at these institutions. The de-
scriptions are largely based on the information gath-
ered from the four best-preserved specimens
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(MACN-RN 1037, MUC-PV 287, MPCA-Pv 249 , and
MPCA-PV 250). Some fragmentary and isolated post-
cranial materials housed at the Museo de La Plata
were figured by Woodward (1896), who identified
them as possibly belonging to Notosuchus. The iden-
tity of some of these fragmentary remains is also dis-
cussed here (e.g., MLP 215).

The following abbreviations of institutions are
used in the text: AMNH American Museum of Na-
tural History, New York, USA; IVPP Institute of Ver-
tebrate Paleontology and Paleoanthropology, Bei-
jing, People’s Republic of China; MACN-RN Museo
Argentino de Ciencias Naturales, Buenos Aires, Ar-
gentina, Rio Negro Collection; MPEF Museo Paleon-
tologico Egidio Feruglio; MLP Museo de Ciencias
Naturales de La Plata, La Plata, Argentina; MPCA
Museo Provincial ‘Carlos Ameghino’, Cippoletti,
Argentina; MUC-PV  Museo de Geologia vy
Paleontologia, Universidad Nacional del Comahue,
Neuquén, Argentina; PVL Instituto Miguel Lillo,
Tucuman, Argentina; RCL Museo de Ciencias
Naturales, Pontificia Universidade Catolica de Minas
Gerais, Brazil;, SAM South African Museum, Cape
Town, South Africa; UFR] Unversidade Federal do
Rio de Janeiro, Rio de Janeiro, Brazil; ZPAL Instytut
Paleobiologii PAN, Warszawa, Poland.

Systematic paleontology

CROCODYLIFORMES Hay, 1930
MESOEUCROCODYLIA Whetstone and
Whybrow, 1983
NoOTOSUCHIDAE Dollo, 1914

Genus Notosuchus Woodard, 1896

Type species. Notosuchus terrestris (Woodward, 1896).

Notosuchus terrestris Woodward, 189°
Figuras 1-19

Lectotype. MLP 64-1V-16-5, Skull and mandible, designated by
Gasparini (1971).

Referred specimens studied here. MACN-RN 1037 skull associat-
ed with cervical and dorsal vertebrae, pectoral girdle, and fore-
limb; MACN-RN 1042 humerus proximal end, radius distal end;
MACN-RN 1043 isolated osteoderms; MACN-RN 1044 fragmen-
tary skull associated to cervicodorsal vertebrae, scapulae, and
pelvic girdle elements; MACN-RN 1027 fragmentary skull associ-
ated to osteoderms; MACN-RN 1024 coracoid proximal end MP-
CA-PV 249 dorsolumbar, sacral, and caudal vertebrae in articula-
tion with right ilium, femur and proximal end of tibia; MPCA-
PV250 forelimb associated with skull and lower jaws; MUC-PV
287 associated postcranial remains including vertebral series,
scapular girdle, forelimb, pelvis, and hindlimb; MLP 64-1V-16-27
isolated dorsal vertebrae.

Horizon and locality. The lectotype and referred ma-
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terial described by Woodward (1896) and Gasparini
(1971) was reported by Gasparini (1971) to be found
on the left margin of the Pichi Pictin Leufu river, at its
contact with the Limay river, but some elements of
this material are from the locality Boca del Sapo ac-
cording to the MLP collection information. The re-
ferred specimens described here come from two dif-
ferent outcrops of the Bajo de la Carpa Formation,
Rio Colorado Subgroup (?Coniacian-Santonian; Hu-
go and Leanza, 2001). The specimens housed at the
MACN and MPCA collections were collected from
outcrops west of Paso Cordova, Rio Negro Province,
northern Patagonia, Argentina. The MUC-PV speci-
mens were found near Neuquén city, Neuquén
Province, northern Patagonia, Argentina.

Description and comparisons
Axial skeleton

In the specimen MACN-RN 1037 the neural arch-
es of the first ten vertebrae were articulated with the
skull. Only one of them is attached to its vertebral
centrum. Associated with these remains, three com-
plete vertebrae, possibly the following ones, were al-
so found. The description of the cervicodorsal verte-
brae is based on this specimen. Several posterior dor-
sal and caudal vertebrae are preserved in the speci-
mens MUC-PV 287 and MPCA-PV 249, upon which
the description of these vertebrae is based.

Atlas. Both halves of the neural arch of this vertebra
are preserved. As in Crocodylia, the neural arches do
not contact dorsally and the pedicels have a notch in
the anterior and posterior margin where the spinal
nerves I and II passed through (Mook, 1921;
Hoffstetter and Gasc, 1973). The anterior notch is de-
limited dorsally by an anterior process and ventrally
by the articular facet for the occipital condyle (figure
1). The posterior notch is dorsoventrally higher than
the anterior one and is bordered dorsally by the
postzygapophyses. The postzygapophyses are short
and dorsoventrally deeper than in Crocodylia.
Details of contact between the atlas postzygapophy-
ses and the axis prezygapophyses cannot be ob-
served due to the poor preservation of that area
(figure 1). The right neural arch bears a medially ori-
ented process on its dorsal surface that could be the
contact surface for the non-preserved proatlas.

Axis. The neural spine of axis of most crocodyliforms
presents a large anteroposterior development, form-
ing a wide surface in lateral view for the attachment
of axial musculature (Frey, 1988). However, in Noto-
suchus terrestris the axial neural spine is triangular in
lateral view and its lateral surface is not as broad as
in other forms, due to the short anteroposterior de-
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Figure 1. Neural arches of anterior cervical vertebrae of
Notosuchus terrestris (MACN-RN 1037) in lateral view.
Abbreviations: dpon, triangular depression between the neural
spine and the postzygapophysis, nsn, notch for spinal nerves I and
II; pr, prezygapophyseal process; spzl, suprapostzygapophyseal
lamina./ Arcos neurales de las vértebras cervicales anteriores de
Notosuchus terrestris (MACN-RN 1037) en wvista lateral.
Abreviaturas: dpon, depresion triangular entre la espina neural y la
postzigapdfisis; nsn, escotadura para los nervios espinales 1 y 1I; pr, pro-
ceso prezigapofiseal; spzl, limina suprapostzigapofiseal.

velopment of its base (figure 1). At the moment, this
condition is only known to be present in Sphagesaurus
huenei (Price, 1950; RCL-100) and Chimaerasuchus
paradoxus (Wu et al., 1995; IVPP V8274). In the latter,
however, the axial neural spine is broken but its base
is anteroposteriorly short and, as in Notosuchus, is lo-
cated posteriorly on the neural arch.

The axial neural spine is lateromedially broader
than the neural spine of the following cervical verte-
brae, especially at the base of the spine. On the pos-
terior margin there is a medial thin lamina located
on the sagittal plane, similar to the laminae present
in cervical vertebrae of Crocodylia for the attach-
ment of the intervertebral elastic ligament (Frey,
1988).

In contrast to most crocodyliforms, in which the
prezygapophyseal processes merge from the anterior
margin of the neural spine, in Notosuchus terrestris
they arise from the anterior half of the neural arch
pedicels, disconnected from the neural spine. The
prezygapophyseal processes are more robust, dorso-
ventrally higher, and more elongated than in other
crocodyliform taxa (figure 1). The postzygapophyses
are curved laterally as seen in dorsal view, and its ar-
ticular surfaces face lateroventrally on a plane incli-
ned 40 degrees from the sagittal plane. There is a su-
prapostzygapophyseal lamina merging from the dor-
sal surface of the postzygapophysis up to the poste-
rior margin of the neural spine. In the lateral surface
of this lamina, between the base of the neural spine
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and the postzygapophysis, there is a triangular sha-
ped depression (figure 1).

The pedicels of the neural arch are anteroposteri-

orly longer than those of the posterior cervicals and
bear a bulge in their ventrolateral corner, the area of
contact with the odontoid process (missing in
MACN-RN 1037).
Vertebra III. The neural arch of this anterior cervical
vertebra resembles that of the posterior cervical ver-
tebrae of Crocodylia. The neural spine is anteropos-
teriorly shorter in its base in comparison to that of the
axis, and is anteroposteriorly centered on the
pedicels of the neural arch, instead of being located
posteriorly as in the third vertebra of extant croco-
diles. Consequently, there is a reduction in the area
of attachment of the posterior end of the interverte-
bral elastic ligament located anteriorly to the base of
the neural spine in Crocodylia (Frey, 1988). The neur-
al spine of the third vertebra in Notosuchus terrestris
has a greater anteroposterior length at the base than
at the dorsal end, being thus triangular shaped in lat-
eral view (figure 1). In contrast, most crocodyliforms
have a rectangular neural spine in this vertebra.

As in the axis, there is a sagittal thin lamina locat-
ed on the posterior edge of the neural spine, between
the suprapostzygapophyseal laminae (figure 2). Frey
(1988) noted the presence of similar laminae in
Crocodylia, however, in extant forms the lamina is
continuous with the lateral surface of the neural
spine, differing in this respect from Nofosuchus.

At the base of the posterior medial thin lamina,
between the postzygapophyses, there is a deep, nar-
row, and rectangular shaped incisura vertebralis cau-
dalis (figure 2). In Crocodylia, this is the area of at-
tachment of the interarticular ligament coming from
the prezygapophyses of the following vertebra (Frey,
1988).

The prezygapophyseal process of this vertebra is
directed forward at the beginning and then curves
strongly upwards (figure 1), in contrast to the condi-
tion of most neosuchians in which it is directed an-
terodorsally along most of its length. The Notosuchus
morphology is also observed in the fourth cervical
vertebrae of Chimaerasuchus (IVPP V8274). As said
before, this kind of prezygapophyseal process resem-
bles those of the posterior cervical vertebrae of Cro-
codylia.

The postzygapophyseal process is similar to that
of the axis, even though is more developed and its ar-
ticular face is more vertically oriented. Additionally,
there is an increase in the development of the supra-
postzygapophyseal lamina relative to that of the ax-
is. Similar laminae are absent in derived neosuchi-
ans, but commonly present in cervicodorsal verte-
brae of other basal mesoeucrocodylians, such as Ma-
lawisuchus (Gomani, 1997), Uruguaysuchus (Rusconi,

AMEGHINIANA 42 (1), 2005

Apt
Lat Med

Post spzl

icv mi 1cm

—

Figure 2. Cervical vertebra III of Notosuchus terrestris (MACN-
RN 1037) in dorsal view. Abbreviations (see also previous figure):
ml, medial lamina; ivc, incisura vertebralis caudalis./ Vértebra cervi-
cal de Notosuchus terrestris (MACN-RN 1037) en vista dorsal.
Abreviaturas (véase también figura anterior): ml, ldmina media; ive, in-
cisura vertebralis caudalis.

1933), Mariliasuchus (Carvalho and Bertini, 1999;
UFR]J 50-R), and Araripesuchus (Price, 1959; AMNH
24450). In this vertebra, the depression located on the
lateral surface of the suprapostzygapophyseal lami-
na also is more developed in comparison to that of
the axis.

The pedicels of the neural arch are anteroposteri-

orly shorter relative to their height and are attached
to the vertebral centrum by a suture that is straighter
than in Crocodylia. The diapophyses are directed
more laterally than in anterior cervical vertebra of
other crocodyliforms.
Vertebra IV-IX. The neural spines of vertebrae four
and nine are not preserved, so that the transforma-
tions described below for this vertebral series are ba-
sed on the neural spines of the fifth through the
eighth vertebrae (figure 3). These neural spines are
higher, more elongated, and more posteriorly curved
than the corresponding cervical vertebrae of Croco-
dylia, resembling the shape present only in the
eighth or ninth vertebrae of Crocodylia. The presence
of elongated neural spines in cervical vertebrae is al-
so present in Malawisuchus (Gomani, 1997) and Mari-
liasuchus (UFR] 50-R). In Notosuchus the neural spines
are anteroposteriorly centered on the pedicels of the
neural arch, as in the third vertebra. However, in oth-
er crocodyliforms there is a gradual transition in the
position of the neural spine, from the posterior half
of the neural arch in the fourth vertebra to a centered
position in the ninth vertebra. Along this sequence,
there is an increase of the anteroposterior length of
the base of the neural spines of Notosuchus. The ante-
rior edge of the neural spine of the eighth vertebrae
exceeds anteriorly the neural arch margin.

The posterior edge of the neural spines of these
vertebrae is formed by the two suprapostzyga-
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Figure 3. Posterior cervical vertebrae (IV to VIII) of Notosuchus terrestris (MACN-RN 1037) in lateral view. Abbreviations (see also pre-
vious figures): ce, vertebral centrum; dprn, deep depression between the prezygapophysis and neural spines, epr, sharp edge on later-
al surface of prezygapophysis; pa, parapophysis./ Vértebras cervicales posteriores (IV a VIII) de Notosuchus terrestris (MACN-RN 1037) en
vista lateral. Abreviaturas (véanse también figuras anteriores): ce, centro vertebral; dprn, depresion profunda entre la prezigapdfisis y las espinas
neurales; epr, borde agudo en la cara lateral de la prezigapdfisis; pa, parapdfisis.

pophyseal laminae, which join at half the height of
the neural spine. In Crocodylia, two laminae are pre-
sent on the posterior edge of the neural spine only in
posteriormost cervicals. However, in Crocodylia,
those laminae do not originate from the postzy-
gapophyses, but from the base of the spine, at the in-
cisura vertebralis caudalis between the postzygapo-
physes.

As in the anterior cervicals, a medial thin lamina
is developed on the posterior edge of the neural
spine of Notosuchus, between the postzygapophyseal
laminae (being better preserved in the seventh and
eighth vertebrae of MACN-RN 1037). In contrast, in
extant crocodylians these medial thin laminae are in-
creasingly reduced in posterior cervicals, which is
correlated with a decrease in the development of the
interspinal elastic ligament (Frey, 1988).

The zygapophyses augment noticeably in size
from the contact of vertebrae four and five, increas-
ing the development of both their articular surfaces
and the supporting process (figure 3). Such devel-

opment is greatest at the contact of the sixth and se-
venth vertebrae, decreasing in the posterior verte-
brae.

The prezygapophyseal process has a sharp edge
between its lateral and anterior faces, in contrast with
other crocodyliforms, in which the process presents a
cylindrical cross section. Between the base of the
neural spine and the medial surface of each prezy-
gapophysis there is a deep depression, which varies
in size according to the development of the postzy-
gapophyses of the preceding vertebra. The eighth
vertebra of some crocodylians (e.g., Caiman) presents
a similar, though less developed feature. In these ver-
tebrae, the depression located in the lateral surface of
the suprapostzygapophyseal lamina, described
above in anterior cervicals, presents variations in its
development (figure 3), being present in some verte-
brae (e.g., fourth, sixth, and eighth) but absent in oth-
ers (fifth and seventh).

The pedicels of the neural arches become shorter
anteroposteriorly along this vertebral series. This
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shortening, together with the elongation of the neur-
al spines, give an elongated appearance to the neural
arches (figure 3). Due to the decrease in neural arch
anteroposterior length and the enlargement of the
zygapophyses, the origin of the prezygapophyseal
and postzygapophyseal processes of these vertebrae
are close to each other on the lateral surface of the
neural arch (approximately 0.3 mm in the fifth to
eighth vertebrae).

The diapophyses changes gradually along this se-
ries in four main aspects, the first one is a modifica-
tion in the orientation of its major axis, from lat-
eroventral in the fourth vertebra to lateral in the
eighth and ninth vertebrae (figure 3). The second
one, also present in Crocodylia (Hoffstetter and Gasc,
1973), is a change in the dorsoventral position of the
diapophysis. In the fourth vertebra it is located sligh-
tly above the neurocentral suture, while in the eighth
vertebra it is located above it, at the midpoint be-
tween that suture and the origin of the neural spine
(tigure 3). The third modification is a posteriorly in-
creasing development in the dorsoventral height of
the diapophysis. In the fourth vertebrae it is a flat
lamina, while in the eighth vertebra it is quadrangu-
lar in cross-section. The fourth transformation is the
anteroposterior location of the diapophysis, close to
the anterior margin of the neural arch in the fourth
vertebra, and anteroposteriorly centered in the sub-
sequent vertebrae (figure 3).

Only the sixth centrum of the cervical region has
been preserved. As in the fourth vertebra of Chimae-
rasuchus (Wu and Sues, 1996; IVPP V8274), this cen-
trum is much shorter anteroposteriorly relative to its
height than in most crocodyliforms, in which the cen-
trum is anteroposteriorly elongated (figure 3). The
right parapophysis is prominent, and the lateral sur-
face of the centrum has deep depressions above and
below it. The neurocentral suture is still open and lo-
cated in the dorsal depression, between the para-
pophysis and diapophysis. The articular faces of the
centrum are amphicoelous. Its ventral surface is not
well enough preserved to determine the presence of
the hypapophysis.

In the specimen MACN-RN 1044 two left ribs, as-
sociated with cervical vertebrae three and four, have
been preserved. They have the anterior process over-
lapped by the posterior process of the preceding rib,
a plesiomorphic character present in all crocodyli-
forms and related forms (Mook, 1921; Colbert and
Mook, 1951; Whetstone and Whybrow, 1983).
Vertebra X. Only a fragment of the neural arch is pre-
served, in which there is a continuation of the mor-
phological trends present in the preceding vertebrae.
The base of the neural spine increases in its antero-
posterior length and the prezygapophyses are small-
er than in preceding vertebrae.
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Figure 4. Anterior dorsal vertebrae (XI to XIII) of Notosuchus ter-
restris (MACN-RN 1037) in lateral view. Abbreviations (see also
previous figures): da, diapophysis; ncs, neurocentral suture./
Vértebras dorsales anteriores (XI a XIII) de Notosuchus terrestris
(MACN-RN 1037) en vista lateral. Abreviaturas (véanse también las fi-
guras anteriores): da: diapdfisis; ncs, sutura neurocentral.

Anterior dorsal vertebrae. Three vertebrae have
been preserved which possibly are vertebrae eleven,
twelve and thirteen due the relative positions of the
parapophyses and the neurocentral suture (figure 4).

In contrast to Malawisuchus (Gomani, 1997; p.
285), the neural spines of these vertebrae are antero-
posteriorly large, with a rectangular shape in lateral
view, as in dorsal vertebrae of Crocodylia (Hoffs-
tetter and Gasc, 1973). The rectangular shape of the
spines is partially due to the development of anterior
and posterior medial thin laminae, which are contin-
uous with the lateral surface of the neural spine, like
the cervical medial thin laminae of Crocodylia (Frey,
1988). These laminae are also present in dorsal verte-
brae of Chimaerasuchus (IVPP V8274), Uruguaysuchus
(Rusconi, 1933; fig. 39), Mariliasuchus (UFR] 50-R),
and Araripesuchus (AMNH 24450), while in
Crocodylia these laminae are reduced or absent in
dorsal vertebrae. The lateral depression between the
base of the neural spine and the postzygapophysis,
present in some anterior cervicals, is also present in
these vertebrae (figure 4). This feature was observed
in dorsal vertebrae of Malawisuchus (Gomani, 1997; p.
285) and is also present in Uruguaysuchus aznarezi
(Rusconi, 1933; fig. 38).

The zygapophyses of these vertebrae are similar in
size to those of the tenth vertebra. In contrast to the
condition of the cervicals, the articular surface of the
postzygapophyses faces ventrally on a horizontal
plane, similar to the condition present in Crocodylia.
The suprapostzygapophyseal laminae are still present
but greatly reduced. Malawisuchus (Gomani, 1997; p.
285), Uruguaysuchus (Rusconi, 1933; fig. 38, 39), and
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Araripesuchus (AMNH 24450) have suprapostzy-
gapophyseal laminae in anterior dorsal vertebrae. The
prezygapophyses are projected anteriorly beyond the
neural arch edge, as in Malawisuchus (Gomani, 1997; p.
285). In Crocodylia these processes are short and do
not exceed the anterior neural arch margin.

As mentioned, the identification of these verte-
brae is based upon the fact that, as in Crocodylia, the
parapophysis in the eleventh vertebra is located at
the neurocentral suture and more anteriorly than the
diapophysis. The twelfth and thirteenth vertebrae
have their parapophyses above the neurocentral su-
ture and anteroposteriorly aligned with the di-
apophyses (figure 4). The diapophyses of these three
vertebrae gradually increase in size, however in
Crocodylia these processes are proportionally longer
than in Notfosuchus. The transverse process is located
at the same dorsoventral height than the postzy-
gapophyses and its base is anteroposteriorly expand-
ed. Therefore, its posterior edge is close to the anteri-
or margin of the postzygapophyses, forming a shal-
low laterally opened notch between them. A similar
condition is present in posterior dorsal vertebrae of
Chimaerasuchus (IVPP V8274) and Mariliasuchus (UFR]
50-R). Unlike Crocodylia, on the anterior surface of
the transverse process of the two last vertebrae there
are a series of small crests and depressions sur-
rounded by a scarring surface, which would serve for
tendinous or aponeurotic muscle attachment areas.

In contrast to the condition present in the cervical

vertebrae of Notosuchus, the anteroposterior length of
the pedicels of the neural arches and centra increases
posteriorly in these dorsal vertebrae. The centra are
amphicoelous and there is no sign of a hypapophysis
on the ventral surface, showing the plesiomorphic
condition for these characters among Crocodylifor-
mes. The anterior dorsal centra of Nofosuchus are nar-
rower than in Crocodylia and are strongly compres-
sed at the midpoint of its anteroposterior length, bea-
ring thus the spool shaped condition, previously not-
ed for other mesoeucrocodylians (Buscalioni and
Sanz, 1988).
Posterior dorsal vertebrae. The specimens MPCA PV
249 and MUC-PV 287 have fragmentary remains of
the posteriormost presacral vertebrae. These remains
have strong similarities to those of the specimen MLP
204 described as possibly belonging to Notosuchus
(Woodward, 1896; fig. 6).

The neural spines are incompletely preserved,
however, a large anteroposterior length at their base
and the presence of a medial lamina along the poste-
rior edge of the spine between the postzygapophyses
can be observed in several vertebrae. The supra-
postzygapophyseal laminae are well developed in
these vertebrae as well as the depression located on
the lateral surface of these laminae (figure 5).

Figure 5. Posterior dorsal vertebrae of Notosuchus terrestris
(MUC-PV 287) in dorsal view. Abbreviations (see also previous
figures): npt, laterally opened notch between postzygapophysis
and transverse process; po, postzygapophysis; trp, transverse
process / Vértebras dorsales posteriores de Notosuchus terrestris
(MUC-PV 287) en vista dorsal. Abreviaturas (véanse también las figuras
anteriores): npt, abertura lateral entre la postzigapdfisis y el proceso
transverso; po, postzigapdfisis; trp, proceso transverso.

The transverse processes of the posteriormost
dorsals are oriented perpendicular to the anteropos-
terior axis of each vertebra and are slightly expanded
distally. This contrasts with the condition present in
extant taxa in which there is no distal expansion and
the processes are slightly oblique to the anteroposte-
rior axis of the vertebrae.

The postzygapophyses increase in size posterior-
ly and are positioned at the same height as the trans-
verse processes as in Chimaerasuchus (IVPP V8274),
and not dorsal to them as in most crocodylians (see
Buscalioni et al., 1986). The articular surface of the zy-
gapophyses is nearly horizontal in all the preserved
posterior dorsal vertebrae, a condition also found in
Chimaerasuchus (IVPP V8274) and Uruguaysuchus
(Rusconi, 1933; fig. 39). In contrast, neosuchian taxa
(e.g., Crocodylia) have their zygapophyses facing
slightly oblique to the horizontal plane. The prezy-
gapophyses, also located at the same height as the
transverse processes, arise from them and their artic-
ular surface is continuous with the dorsal surface of
the transverse process (figure 5).

Sacral vertebrae. The sacral vertebrae are only known
in two specimens (MUC-PV 287 and MPCA-PV 249).
Although both specimens have poorly preserved
sacral elements, some interesting features can be noted.

The first sacral is only present in MUC-PV 287
and lacks the neural spine and zygapophyses. The
transverse process is wide and has on its ventral sur-
face a deep depressed area, in which the pars medialis
of the m. pubo-ischio-femoralis internus is attached in
extant crocodiles. The centrum of this vertebra is an-
teroposteriorly shorter and less spool-shaped than
centra of posterior dorsal vertebrae.

Although it is badly preserved, the sacral element
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posterior to the first sacral vertebrae of MUC-PV 287
seems to be composed of two fused vertebrae. Four
characters present in the neural arch of this sacral el-
ement support this interpretation. First, the length of
this element is almost twice the length of the first
sacral vertebra, while in most crocodyliforms the first
and second sacrals are similar in length. Second, the
neural spine has well differentiated anterior and pos-
terior zones, each of them lateromedially widened
and connected to each other by a continuous thin
lamina. Third, the transverse process has a wide and
laterally opened notch at the same point at which the
neural spine is lateromedially constricted. Fourth,
the depression present near the posterior end of the
neural arch in all other vertebrae of Notosuchus (be-
tween the base of the neural spine and postzyga-
pophyses), is located here on the anterior half of the
neural arch, just anterior to the point in which the
transverse process is notched and the neural spine is
thin. The fusion of the last two sacral vertebrae of
Notosuchus is a remarkable autopomorphic feature ,
currently unknown in any other crocodyliform. This
morphology contrasts with the widespread and ple-
siomorphic condition of two differentiated sacral
vertebrae of most crocodyliforms. However, the pre-
sence of three unfused sacral vertebrae was reported
in some atoposaurids (e.g., Alligatorellus, Montseco-
suchus; Buscalioni and Sanz, 1988, 1990a).

The postzygapophyses of this element are notably
reduced, positioned much higher than the transverse
process, and closer to each other in comparison to
other vertebrae of Notosuchus. The articular surfaces
of these processes are broken but those of the first
caudal prezygapophyses are oblique to the horizon-
tal plane, in contrast to the condition present in pre-
sacral vertebrae.

Caudal vertebrae. The specimen MPCA-PV 249 has
preserved the first seven caudal vertebrae and a frag-
mentary eighth element. The specimen MUC-PV 287
includes four caudal vertebrae in articulation with
the sacrum, of which only the first two have pre-
served the neural arches. The caudal vertebrae of
Notosuchus are smaller than those of specimens of ex-
tant taxa of equivalent sizes.

Caudal I-III. In the first two caudals, the neural spi-
nes are anteroposteriorly large, although they are not
as expanded as in those of dorsal vertebrae. These
spines are dorsoventrally tall and transversely nar-
row and their posterior edges bear a medial lamina
between the postzygapophyses.

The prezygapophyses of the first caudal vertebra
are notably reduced in comparison with those of the
second and third caudals, which are well developed
and projected anteriorly. The articular surfaces of the
prezygapophyses of the first vertebrae are exposed
more vertically than those of the second and third
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caudals, which form an angle of approximately 45
degrees with the sagittal plane. The postzygapophy-
ses of these vertebrae are located dorsally respect to
the transverse processes and lack suprapostzy-
gapophyseal laminae, in contrast to the condition of
presacral vertebrae of Notosuchus.

The transverse processes are anteroposteriorly
short and directed posterolaterally. The anterior mar-
gins reach the anterior edge of the neural arch below
the prezygapophyses. In the first caudal there is a
marked triangular depression located ventral to the
anterior ridge of the transverse process. On the dor-
sal surface of the transverse processes of these cau-
dals there is another depressed area. In the first cau-
dal this dorsal depression is distinct from the trian-
gular depression found on the lateral surface of the
neural arch (between the neural spine and the
postzygapophysis). In contrast, in the second and
third caudals this dorsal depression is confluent with
the triangular posterior depression, forming an elon-
gated and obliquely extended depression.

The pedicels of the neural arch of the three first
caudals are anteroposteriorly shorter than those of
preceding and subsequent vertebrae. The height of
the neural arches, instead, decreases posteriorly
along the caudal series.

It is not possible to determine if the centra are am-

phyplatan or amphycelous, however, they are not
procoelic or biconvex as in derived neosuchians. The
lateromedial compression found at the midpoint in
dorsal vertebrae of Notosuchusis is less profound in
caudal elements. On the ventral surface of the cen-
trum two longitudinal ridges are present situated an-
terior to a widening of the centrum in which the ar-
ticular facets for the hemal arches are located. In
MUC-PV 287 the first vertebrae with such facets is
the third caudal, while in MPCA-PV 249 they are al-
ready present in the second caudal vertebra. In ex-
tant crocodilians, this variation is usually considered
as a form of sexual dimorphism, since female croco-
dylians lack a hemal arch in the second caudal verte-
brae (Romer, 1956).
Caudal IV-VIIL The neural spines of these caudals
are anteroposteriorly shorter than in anterior caudals
and the medial laminae located on the posterior edge
are reduced or absent (figure 6). The incisura verte-
bralis caudalis is also extremely reduced in these cau-
dal vertebrae.

As in preceding caudals, the transverse processes of
these vertebrae contact the anterior edge of the neural
arches below the prezygapophyses. The elongated and
oblique depression located on the dorsal surface of the
transverse process is also present in these caudal verte-
brae. The zygapophyses are progressively reduced in
size posteriorly and their articular surfaces are also re-
duced and horizontally exposed.
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Figure 6. Distal caudal vertebrae of Notosuchus terrestris (MP-
CA-PV 249) in lateral view. Abbreviations (see also previous fig-
ures): cns, closed neurocentral suture; ddt, oblique depression on
the dorsal surface of the transverse process; fha, articular facet
for hemal arches / Vértebra caudal distal de Notosuchus terrestris
(MPCA-PV 249) en vista lateral. Abreviaturas (vénse también figuras
anteriores): ens, sutura neuroctral cerrada; ddt, depresion oblicua en la
cara dorsal del proceso transverso; fha, faceta articular para los arcos
hemales.

The centrum is anteroposteriorly longer and lat-
eromedially compressed in comparison to anterior
caudals. The neurocentral sutures of the posterior
caudals are completely closed in both specimens, in
contrast to the condition of anterior caudal and pre-
sacral vertebrae of all known specimens of
Notosuchus in which it remains opened (figure 6). On
the ventral surface the wide facets for the hemal arch-
es occupy the posterior half of the vertebral centrum.

Shoulder girdle

Scapula. Scapular remains are preserved in two
specimens (MACN-RN 1037 and MACN-RN 1044).
As in most crocodylomorphs, a constricted area (fi-
gure 7) separates the dorsal and ventral expansions
of the scapula. This element is dorsoventrally shorter
and anteroposteriorly wider than in most crocodyli-
forms (e.g., Protosuchus AMNH 3024; Orthosuchus
SAM K-409; Chimaerasuchus IVPP V8274; Uru-
guaysuchus (Rusconi, 1933), Crocodylia). The dorsal
expansion is well developed relative to the scapular
height (anteroposterior length of dorsal expan-
sion/scapular height ratio = 0.72). The anterodorsal
region of the scapula is notably expanded, thus, the
anterior border is highly concave compared to the
posterior border, a character shared by all crocodylo-
morphs (except for thalattosuchians and croco-
dylians). The anteroventral end is missing, however,
the ventral expansion appears to be smaller than in
most crocodyliforms.

In anterior view, the scapula presents a continu-
ous curvature, similar to the condition observed in
Crocodylia but less marked than in some protosuchi-
ans (Nash, 1975; p. 255). In this view, the scapula is
thin except for the ventral region, close to the glenoid
cavity. The thickening of the deltoid region is a wide-
spread character among Crocodyliformes, however,
in Notosuchus it is less developed than in Crocodylia.

In lateral view, a hardly noticeable crest is present

on the posterior edge above the glenoid cavity, re-
sembling that of Sunosuchus (Wu et al., 1996). Such
crest is more developed in Crocodylia, showing a ru-
gose surface for the attachment of the m. triceps (Nash,
1975). On the anterior margin there is a small acro-
mial crest (figure 7), located more ventrally than in
other crocodyliforms (e.g., Crocodylia, Orthosuchus
SAM K-409, Chimaerasuchus IVPP V8274). Since the
anteroventral end is missing, further details of this
crest cannot be observed. The scapula forms the dor-
sal half of the glenoid cavity, being this facet hemi-
sellar as in crocodilians (figure 7).
Coracoid. The left coracoid is preserved in the speci-
mens MUC-PV 287 and MACN-RN 1037, although
the latter has its ventral end missing (figure 8). In
both specimens the dorsal and ventral expansions
are less developed than in other crocodylomorphs,
except for Hyposaurus (Buscalioni and Sanz, 1990b).

In anterior view the coracoid has a convex lateral
surface and a concave medial surface. The curvature
in the shaft is continuous between the ventral and
dorsal expansion, in contrast to the condition present
in other crocodyliforms (e.g., Orthosuchus SAM K-
409, Uruguaysuchus (Rusconi, 1933; fig. 32), Caiman),

Figure 7. Left scapula of Notosuchus terrestris (MACN-RN 1037)
in (A) medial and (B) lateral views. Abbreviations: acr, acromion
crest; gl, glenoid cavity./ Escdpula izquierda de Notosuchus te-
rrestris (MACN-RN 1037) en vistas medial (A) y lateral (B).
Abreviaturas: acr, cresta acromial; gl, cavidad glenoidea.
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Figure 8. Left coracoid of Notosuchus terrestris (MACN-RN 1037)
in (A) medial and (B) lateral views. See abbreviations from previ-
ous figures / Coracoide izquierdo de Notosuchus terrestris (MACN-
RN 1037) en vistas medial (A) y lateral (B). Abreviaturas en figuras an-
teriores.

in which there is a marked angle at the compressed
area between the dorsal and ventral expansions.

A robust process supports the ventral half of the
glenoid cavity, which is oriented posterodorsally.
The dorsal surface of the coracoid is partially pre-
served in the specimen MACN-RN 1037 but is com-
plete in a proximal end of a coracoid found in the
same levels (MACN-RN 1024). On this coracoid, the
articular surface for the scapula has a triangular con-
tour and is perpendicular to the glenoid cavity sur-
face. This fragmentary specimen is tentatively re-
ferred to Notosuchus terrestris based on the presence
of a poorly expanded proximal end of the coracoid.

Fore limb

Humerus. The specimens MACN-RN 1037 and
MUC-PV 287 have preserved the left humerus (figure
9), while the specimen MPCA-PV 250 has a complete
right humerus. Additionally, a humeral proximal end
(MACN-RN 1042) was found in the same locality as
MACN-RN 1037 (Paso Cérdova). This humerus is ap-
proximately 30% larger than that of MACN-RN 1037
but bears some features found to be autapomorphic
for Notosuchus and hence is provisionally referred to
this taxon. The distal end of the humerus of the spec-
imen MLP 215 referred to Notosuchus by Woodward
(1896) lacks diagnostic characters to undoubtedly re-
fer it to Notosuchus terrestris.

The ratios between the proximal and distal ex-
pansions with respect to humerus length are 0.296
and 0.231, respectively. These ratios denote a more
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Figure 9. Left humerus of Notosuchus terrestris (MACN-RN 1037)
in (A) anterior and (B) posterior views. Abbreviations: dc, deltoid
crest; fls, flat lateral surface of distal humerus; Ic, narrow and elon-
gate concavity lateral to the deltoid crest./ Hiimero izquierdo de
Notosuchus terrestris (MACN-RN 1037) en vistas anterior (A) y pos-
terior (B). Abreviaturas: dc, cresta deltoide; fls, superficie lateral plana
del hiimero; 1c, concavidad alargada y estrecha lateral a la cresta deltoide.

gracile humerus in Notosuchus than in Crocodylus
(Mook, 1921), but stouter than in Malawisuchus (Go-
mani, 1997; p. 288) and some basal crocodylomorphs
(e.g., Terrestrisuchus (Crush, 1984), Protosuchus
AMNH 3024). Uruguaysuchus (Rusconi, 1933; fig. 8)
and Chimaerasuchus (IVPP V8274) have similar pro-
portions to those of Notosuchus.

In lateral view the humerus of Notosuchus pre-
sents a sigmoid shape, since its proximal end is
slightly curved backwards and its distal portion di-
rected anteriorly. In anterior view, the lateral edge of
the humerus is not convex as in Crocodylia, due to
the lateral expansion of the process that supports the
deltoid crest (figure 9.A).

The deltoid crest is lower and thinner than in oth-
er crocodyliforms (e.g., Crocodylia, Chimaerasuchus
IVPP V8274, Gobiosuchus ZPAL MgR-11/67, and
Orthosuchus SAM K-409) and is not medially curved.
This crest has its origin at the dorsolateral corner of
the humerus (figure 10.A) and runs parallel to the lat-
eral margin down to the origin of the shaft, where it
disappears. Between the crest and the lateral edge
there is a narrow and elongate concavity (figure 9.A,
10.A). As in Chimaerasuchus (Wu and Sues, 1996;
IVPP V8274) and Uruguaysuchus (Rusconi, 1933;
plate 2) a circular depression is present on the poste-
rior face, below the proximal end (figure 10.B). Just
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Figure 10. Proximal end of left humerus of Notosuchus terrestris
(MACN-RN 1042) in (A) anterior and (B) posterior views.
Abbreviations (see also previous figures): pd, posterior circular
depression below articular head / Extremo proximal del hiimero
izquierdo de Notosuchus terrestris (MACN-RN 1042) en vistas ante-
rior (A) y postrior (B). Abreviaturas (véanse también las figuras anteri-
ores): pd, depresion circular posterior debajo de la cabeza articular.

below the proximal end the bone surface presents the
same scarring as Crocodylia, which serves in extant
crocodiles as attachment areas for strong ligaments.
It is not possible to observe in any specimen the elon-
gated rugose area found in Crocodylia for the m. tri-
ceps attachment on the posterior face at the limit be-
tween the shaft and the proximal expansion.

The distal end is not completely preserved but
some interesting features can be noted. In anterior
and posterior view there are two supracondylar
ridges that enclose a small concavity between them.
The medial ridge is more developed in the anterior
face, whilst in the posterior face, the lateral is more
pronounced. The lateral surfaces of the distal part of
the humerus are broad and flat as in Uruguaysuchus
(Rusconi, 1933; fig. 11) and Araripesuchus (AMNH
24450), in contrast to the convex surface found in
some basal crocodylomorphs (e.g., Hesperosuchus,
Colbert, 1952, AMNH 6758) and derived neosuchians.
Ulna. The ulna of the specimen MPCA-PV 250 is com-
pletely preserved, while in the specimens MACN-RN
1037 and MUC-PV 287 the distal and proximal articu-
lar surfaces are missing. In its proximal region, the ul-
na is anteroposteriorly expanded and lateromedially
compressed, with flat lateral and medial surfaces.
Notosuchus has a stouter ulna than most crocodyli-
forms; e.g., Chimaerasuchus IVPP V8274, Malawisuchus
(Gomani, 1997; p. 288), Crocodylus (Mook, 1921), and
Protosuchus richardsoni AMNH 3024), since relative to
its length both the shaft and the proximal end are
more developed. The proximal end of the ulna has a
forward curvature seen in lateral view, and thus, the
proximal articular surface is exposed anterodorsally
(figure 11), condition present in most crocodylo-
morphs. This region has a wide concave surface that
articulates with the medial condyle of the humerus,
and lateral to this facet a convex surface contacts the
humeral intercondylar surface. The region lateral to
this convex surface and the olecranon process have
not been preserved in any specimen.

Along the shaft there is a transition from the flat

Figure 11. Left ulna of Notosuchus terrestris (MACN-RN 1037) in
medial view / Ulna izquierda de Notosuchus terrestris (MACN-RN
1037) en vista medial.

morphology of the lateral and medial surfaces at the
proximal region mentioned above, towards a cylin-
drical cross section at the distal end. Such transition
takes place differentially in the lateral and medial
faces; in the latter the transition occurs at the proxi-
mal end (figure 11) of the shaft while in the lateral
face, a flat surface is present almost down to the dis-
tal end of the shaft.

The distal articular end of the ulna has a complex
articular surface limited medially by the two oblique
processes. These are much more developed than in
Crocodylia, especially the posterior one (figure 12).
In the anterolateral surface of the distal region of the
ulna, there is a well developed and rugose bulge. The
distal articular surgace of the ulna would have a con-
tinuous articulation with both the radiale and ulnare,
as in crocodylians. This contrasts with the condition
of basal crocodylomorphs, in which the medial artic-
ulation with the radiale is separated and perpendicu-
lar to the ulnare articulation (Clark, pers. com.).
Radius. The right radius of specimen MPCA-PV 250
(figure 13) was completely preserved, in contrast to
those of specimens MACN-RN 1037 and MUC-PV
287, in which the radius distal end is missing. As in
most crocodyliforms, the proximal end is lateromedi-
ally expanded with respect to its anteroposterior de-
velopment. The proximal articular surface has a con-
cave surface bounded by a lateral and medial convex
and swollen articular surfaces. The medial region is
more developed and is located more distally than the
lateral region. Below the lateral expansion of the prox-
imal end of the radius, there is a thin longitudinal crest
running along the posterior surface of the bone. This
crest disappears before the beginning of the shaft.
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Figure 12. Right ulna of Notosuchus terrestris (MPCA-PV 250) in
distal view. Abbreviations: alb, anterolateral bulge; aop, anterior
oblique process; pop, posterior oblique process./ Ulna derecha de
Notosuchus terrestris (MPCA-PV 250) en vista distal. Abreviaturas:
alb, promontorio anterolateral; aop, proceso oblicuo anterior; pop, pro-
ceso obicuo posterior.

The shaft of the radius has an oval cross section
and its major axis is oriented lateromedially. The
posterior surface of the distal region of the radius has
an elongate longitudinal concavity for the distal con-
tact with the ulna (figure 13). The distal end has an
anterolateral-posteromedial expansion that approxi-
mately forms a 30 degrees angle with the proximal
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Figure 13. Right radius of Notosuchus terrestris (MPCA-PV 250)
in posterior view. Abbreviations: lcr, thin longitudinal crest; cua,
concavity for ulnar articulation / Radio derecho de Notosuchus ter-
restris (MPCA-PV 250) en vista posterior. Abreviaturas: lcx, crasta lon-
gitudinal delgada; cua, concavidad para articulacion de la ulna.
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lateromedial expansion. The anterolateral edge of the
distal region of the radius is more slender than the
posteromedial edge. Thus, in distal view, the articu-
lar surface of the radius is tear drop-shaped. The dis-
tal edge of the radius is inclined obliquely, being the
posteromedial edge located more distally than the
anterolateral edge, in contrast with the condition pre-
sent in basal crocodylomorphs, such as Hesperosuchus
(Colbert, 1952; AMNH 6758) and Dibothrosuchus (Wu
and Chatterjee, 1993; IVPP V7907) in which the distal
edge of the radius is perpendicular to its proxi-
modistal axis.

Proximal carpals. The specimens MACN-RN 1037
and MPCA-PV 250 have an elongated radiale and
ulnare that form an additional segment of the fore-
limb, a condition postulated to be synapomorphic of
Crocodylomorpha (Clark, 1986).

The radiale is constricted between the enlarged
proximal and distal ends. A slightly marked ridge,
more developed in MACN-RN 1037, runs proximo-
distally along this carpal, dividing its anterior face
(figure 14.A). The proximal end is hatchet-shaped
due to the presence of an expansion on the lateral
edge that forms a wide surface of articulation with
the ulnare (figure 14). This condition is also present
in several crocodyliform taxa (e.g., Montsecosuchus
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Figure 14. Left radiale of Notosuchus terrestris (MACN-RN 1037)
in (A) anterior, (B) lateral, (C) posterior and (D) medial views.
Abbreviations: alr, anterior longitudinal ridge; ppr, articular
process directed posteriorly./ Radial izquierdo de Notosuchus ter-
restris (MACN-RN 1037) en vistas anterior (A), lateral (B), posterior
(C) y medial (D). Abreviaturas: aln, cresta longitudinal anterior; ppr,
proceso articular dirigido posteriormente.
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(Buscalioni and Sanz, 1990a; p. 250), Orthosuchus SAM
K-409, Chimaerasuchus IVPP V8274, and Sumnosuchus
(Wu et al., 1996)). However, it is absent in Crocodylia
(Mook, 1921) and some basal crocodylomorphs (e.g.,
Protosuchus AMNH 3024, Terrestrisuchus (Crush,
1984; p. 144), and Dibothrosuchus IVPP V7907). This
expansion is flat and exposed anterolaterally, as in
other crocodyliforms (Buscalioni and Sanz, 1988). On
the posterolateral surface of this region there is a pos-
teriorly directed process that bears an articular sur-
face that probably contacted the ulna (figure 14.C-D).
The proximal articular surface of the radiale has an
oblique edge, congruent with the morphology of the
radius distal end. The distal articular surface is con-
cave, kidney-shaped, and faces posteroventrally.

The ulnare is much more marked constricted be-

tween the proximal and distal expansions in compar-
ison with the radiale. The distal end is more expand-
ed than the proximal end (figure 15), as in most non-
crocodylian crocodylomorphs. On the posterior edge
of the proximal end, a process projects posteriorly
determining the triangular shape of the proximal ar-
ticular surface. The ulnare bears two distinct distal
articular surfaces, the medial more extensive than the
lateral.
Distal carpals. Two distal carpals of the left forelimb
were preserved in MACN-RN 1037. These elements
were in close association with the left manus al-
though they were not found in natural position (fi-
gure 15). One of these distal carpals is slightly bigger
than the other and has a convex proximal articular
surface composed by two surfaces joined proximally
at a wide angle. The other element is oval shaped and
its articular surfaces are flat and rounded.

Extant crocodylians also have two distal carpals,
but in contrast to the condition of Notosuchus, living
forms have only one ossified distal carpal and the oth-
er remains as a cartilaginous lamella. In fossil taxa a
wide variation in the number of distal carpals was pre-
viously reported (see Buscalioni et al., 1997), ranging
from one to three ossified elements. The condition not-
ed for Notosuchus is also present in some basal croco-
dyliforms [e.g., Orthosuchus (Nash, 1975; p. 258)].
Digits. Four metacarpals with some articulated pha-
langes have been preserved from the left manus of
MACN-RN 1037 and MUC-PV 287. In MPCA-PV 250
only the first metacarpal was preserved in articulation
with the first phalanx. Metacarpal I is the shortest and
stoutest of the four metacarpals (figure 16), and is more
robust than in most crocodyliforms except for
Chimaerasuchus (IVPP V8274) and some thalattosuchi-
ans. Its proximal end has a lateromedial expansion and
a small crest on its dorsal face. The first phalanx of this
digit is short, wide, and quadrangular, and is articulat-
ed to an incomplete second phalanx in the specimen
MACN-RN 1037. This phalanx possibly is the ungual

Figure 15. Left ulnare and distal carpals of Notosuchus terrestris
(MACN-RN 1037) in posterior view. Abbreviations: dc, distal
carpals ; u, ulnare / Ulnario izquierdo y carpales distales de
Notosuchus terrestris (MACN-RN 1037) en wvista posterior.
Abreviaturas: dc, carpales distales; u, ulnario.

due to its strong lateromedial compression and the cur-
vature along its proximodistal axis. Proximally,
metacarpal I overlapps the proximomedial end of
metacarpal II, as in most crocodyliforms. Metacarpals
IT and III are the longest elements of the metacarpus.
The first phalanx of the second digit is shorter than the
same element of the first digit. Fragmentary remains of
metacarpal IV are preserved but it is impossible to ac-
curately measure its total length. In the MUC-PV 287
specimen there is a disarticulated ungual phalanx that
is almost as long as the third metacarpal, slightly re-
curved, lateromedially broad, and lacking proximodis-
tal grooves on the lateral surface.

Pelvic girdle

Ilium. The specimens MACN-RN 1044, MPCAPV
249, and MUC-PV 287 preserve the ilium. The ilium
of specimen MLP 215 referred to Notosuchus by
Woodward (1896) has marked differences with the il-
ium of the new specimens described here. This spec-
imen lacks some autapomorphic characters of
Notosuchus terrestris (e.g., a well developed dorsal
roof of the acetabulum), and thus, it cannot be re-
ferred to this taxon.

The anterodorsal corner of MUC-PV 287 has a
poorly developed anterior process that resembles the
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condition of Chimaerasuchus (IVPP V8274), Araripesu-
chus (AMNH 24450), and Theriosuchus (Wu et al.,
1996). The dorsal surface of the ilium of the three
specimens of Nofosuchus is flat, rugose, lateromedial-
ly wide, and does not have the characteristic iliac
blade present in most crocodyliforms (figure 17).
This latter characteristic was also noted for Chimaera-
suchus (Wu and Sues, 1996; p. 694). The lateral ex-
pansion of the dorsal surface of the ilium of Noto-
suchus forms an extensive acetabular roof (figures 17,
18). Thus, the acetabulum is even deeper than in non-
neosuchian crocodylomorphs (e.g., Orthosuchus SAM
K-409; Protosuchus AMNH 3024; Araripesuchus
AMNH 24450; Chimaerasuchus IVPP V8274).

The postacetabular process is directed pos-
teroventrally (figure 17.A), as in Uruguaysuchus (Rus-
coni, 1933; fig. 18), Chimaerasuchus (IVPP V8274),
Orthosuchus (SAM K-409), and Protosuchus (AMNH
3024). In contrast, other forms have the postacetabu-
lar process directed posteriorly (e.g., Dibothrosuchus
IVPP V7907) or posterodorsally (e.g., Crocodylia).
The dorsal surface of the ilium narrows posteriorly,
being blade-like at the posterior end of the postac-
etabular process (figure 17.B). The anterior end of
this process faces laterally, but the posterior end
faces laterodorsally. Thus, the postacetabular process
is twisted along its anteroposterior axis (figure 17).
The medial surface of the ilium is smooth in its dor-
sal half, and rugose in the ventral area, correspond-
ing to the attachment marks of sacral ribs.

Hind limb

Femur. The specimen MPCA-PV 249 has the proxi-
mal half of the femur preserved in articulation with

mtc Il

mtc Il

mtc IV

Figure 16. Left metacarpals of Notosuchus terrestris (MACN-RN
1037) in ventral view. Abbreviations: mtc I-IV, metacarpals I to
IV./ Metacarpales izquierdos de Notosuchus terrestris (MACN-RN
1037) en vista ventral. Abreviaturas: mtc I-IV, metacarpales I a IV.
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Figure 17. Left ilium of Notosuchus terrestris (MACN-RN 1044) in
(A) lateral and (B) dorsal views. Abbreviations: ac, acetabulum;
dar, flat dorsal surface of acetabular roof; pap, postacetabular
process; sab, supraacetabular buttress / Ilion izquierdo de Noto-
suchus terrestris (MACN-RN 1044) en vistas lateral (A) y dorsal (B).
Abreviaturas: ac: acetdbulo; dar, superficie dorsal plana del techo del
acetdbulo; pap, proceso postacetabular; sab, soporte supraacetabular.

the ilium. Details of the proximal end cannot be ob-
served since this zone, inside the acetabulum, is
covered with sediment. However, there is a well
developed fourth trochanter. Medial to this
trochanter there is a prominent process for the in-
sertion of the m. coccygeofemoralis, similar to the
condition of Mahajangasuchus (Buckley and Brochu,
1999; p. 162), Araripesuchus (AMNH 24450), and
Uruguaysuchus (Rusconi, 1933; fig. 9). The surfaces
of these areas of muscular insertion are rugose and
separated by a depressed area that bears slightly
marked rugosities.

Woodward (1896) referred several femora to
Notosuchus terrestris. One of these elements (MLP
215) lacks the well developed process for the inser-
tion of the m. coccygeofemoralis. Therefore, it cannot be
referred to Notosuchus terrestris.

Dorsal armor

Osteoderms. Three pairs of osteoderms aligned in
two parallel rows have been preserved associated
with a fragmentary skull of Notosuchus (MACN-RN
1027). Osteoderms were also preserved in the speci-
men MPCA-PV 249. Additionally, similar isolated
osteoderms were found in the same beds of the Paso
Coérdova locality (MACN-RN 1043).

The parasagittal rows of osteoderms contact each
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other medially without overlapping. Along the rows,
each osteoderm is overlapped by the preceding os-
teoderm. The osteoderms are pentagonal, and lack
the anterolateral process present in protosuchids and
some basal mesoeucrocodylians (e.g., Hsisosuchus
Young, 1953, the Fruita crocodyliform Clark, 1985).
There is a lateromedially centered longitudinal ridge
on the dorsal surface of each osteoderm (figure 19).
Laterally and medially to this ridge the dorsal sur-
face of the osteoderm are exposed dorsolaterally and
dorsomedially, forming a 150 degrees angle between
them.

The ornamentation of the osteoderms consists of
slightly marked ridges and grooves, similarly to
those of the skull of Notosuchus. The ornamentation
covers all the dorsal surface of the osteoderms except
for the region that is overlapped by the preceding
plate. This overlapped region is smooth, flat and
faces anterodorsally (figure 19). The ventral surface is
concave, smooth, and has two longitudinal grooves.
In extant forms, similar grooves serve for the attach-
ment of ligaments that join each osteoderm to the
neural spines of anteriorly positioned vertebrae
(Frey, 1988).

Discussion

The postcranial remains of Notosuchus terrestris of-
fer novel information about morphological diversity
among Mesozoic crocodyliforms. This information
appears to be relevant to both the mode of life and
the phylogenetic relationships of this crocodyliform.
In this section, several characters are discussed in the
context of their relevance for understanding the
mode of life of Notosuchus terrestris.

An interesting feature of the remains described
here is the presence of a deep acetabulum covered

Figure 18. Left ilium of Notosuchus terrestris (MACN-RN 1044) in
lateroventral view. See abbreviations from previous figures./ Ilion
izquierdo de Notosuchus terrestris (MACN-RN 1044) en vista lat-
eroventral. Véanse abreviaturas en figuras anteriores.

Ant
Lat Med
Post
mr
5mm

Figure 19. Parasagittal osteoderm of Notosuchus terrestris
(MACN-RN 1043) in dorsal view. Abbreviations: as, articular sur-
face overlapped by preceeding osteoderm; mr, longitudinal medi-
al ridge./ Osteodermo parasagital de Notosuchus terrestris (MACN-
RN 1043) en vista dorsal. Abreviaturas: as, superficie articular solapada
por el osteodermo precedente; mr, cresta media longitudinal.

dorsally by a thick bony buttress in the ilium of
Notosuchus. This character was also noted in several
taxa such as sphenosuchians, protosuchians, and al-
so some mesoeucrocodylians (Parrish, 1987; Nash,
1975; Hecht, 1991). However, the supraacetabular
buttress and the correlated depth of the acetabulum
are much more developed in Notosuchus than in oth-
er crocodylomorph taxa (e.g., Dibothrosuchus elaphros
Simmons IVPP V 7907, Protosuchus richardsoni
Brown AMNH 3024; Orthosuchus stormbergi SAM K-
409 Araripesuchus gomesi Price AMNH 24450). This
character was suggested to be indicative of an up-
right stance in the crocodylomorph hindlimb for sev-
eral basal taxa (Parrish, 1987; Nash, 1975; Whetstone
and Whybrow, 1983). This type of locomotion was
hypothesized to be the plesiomorphic condition of
crocodylomorphs, so that the ‘semi-erect’ type of lo-
comotion observed in Crocodylia was secondarily
acquired in this group (Parrish, 1987). The presence
of this condition in Nofosuchus and other mesoeu-
crocodylians (e.g., Araripesuchus, Malawisuchus,
Hecht, 1991; Gomani, 1997), suggests that the sprawl-
ing type of locomotion was certainly secondarily ac-
quired in the evolutionary history of crocodylo-
morphs, but only by the neosuchian clade related to
amphibious or aquatic habitats (figure 20). The sup-
posedly upright stance is congruent with the terres-
trial habits inferred for Notosuchus terrestris based on
cranial characters by previous authors (Woodward,
1896; Gasparini, 1971; Bonaparte, 1991).

The entire cervical series of Notosuchus presents
similarities with the posterior cervical region of
Crocodylia. Along the cervical series of Notosuchus
the presence of several characters (e.g., elongated
spines, enlarged zygapophyses, and depression be-
tween prezygapophyses) may indicate the exis-
tence of marked movements in the dorsal arching
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Gracilisuchus

Dibothrosuchus
{ Orthosuchus
Protosuchus

Uruguaysuchus

Crocodylomorpha

Crocodyliformes Mealawistehus

Notosuchus

Chimaeresuchus

Mesoeucrocodylia

Thalattosuchia

Neosuchia Goniopholis

Crocodylia

Figure 20. Phylogenetic relationships of Crocodyliformes based on
Pol (2003). Crocodyliforms of which there is no current informa-
tion were pruned from the tree. The presence the supraacetabular
buttress of the ilium is optimized on the cladogram. Black lines
represent the plesiomorphic condition (supraacetabular buttress
present) and gray lines represent the derived condition (supraac-
etabular buttress absent)./ Relaciones filogenéticas de los
Crocodyliformes basadas sobre Pol (2003). Los crocodiliformes de los
cuales no se dispone de informacion fueron eliminados del drbol. La pre-
sencia del soporte supraacetabular del ilion se optimiza en el cladograma.
Las lineas negras representan la condicion plesiomdrfica (soporte
supraacetabular presente) y las lineas grises representan la condicion de-
rivada (soporte supraacetabular ausente).

of these vertebrae region, far anteriorly than in ex-
tant forms.

Another interesting character of the vertebrae de-
scribed here is the presence of an open neurocentral
suture in presacral vertebrae of all the Notosuchus
specimens studied. Brochu (1996) proposed the clo-
sure of this suture as a size-independent criterion for
measuring maturity in Crocodylia. Although this cri-
terion might be extremely useful within the Croco-
dylia clade, its applicability for non-crocodylian croc-
odyliforms remains unexplored. The presence of
opened neurocentral sutures in all the studied speci-
mens of Notosuchus suggests that either these speci-
mens are immature or that this criterion is not valid
for this taxon. An argument against the former inter-
pretation is that some vertebral elements (e.g.
MACN-RN 1037) are associated with one of the
largest skulls (anteroposterior length: 280 mm)
among the known sample of Notosuchus that include
more than 50 skulls collected in different localities of
Bajo de la Carpa Formation during the last century.
However, another size-independent measure of ma-
turity would be preferred to determine if these spec-
imens are not fully mature or if the criteria proposed
by Brochu (1996) for Crocodylia is not valid for Noto-
suchus terrestris and, possibly, for related taxa.
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Further studies in other basal mesoeucrocodylians
are needed in order to test validity of this criterion
for basal members of the crocodyliform clade.

Conclusions

The postcranial skeleton of crocodyliforms was
traditionally considered as conservative and lacking
phylogenetic information (Langston, 1973), or bear-
ing characters varying at high hierarchical levels
(e.g., procoelic vertebrae, pubis distal expansion).
The study and comparison of the remains described
here revealed that diversity in postcranial morpholo-
gy of Crocodyliformes is not as conservative as pre-
viously thought (Pol, 1999; Nobre, 2000). This varia-
tion in postcranial morphology offers new informa-
tion both on the mode of life of fossil crocodyliforms
and on the phylogenetic relationships of these taxa
and underscore the importance of considering post-
cranial information in phylogenetic studies.
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