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ABSTRACT—Simosuchus clarki is a small, pug-nosed notosuchian crocodyliform from the Late Cretaceous of Madagascar.
Originally described on the basis of a single specimen including a remarkably complete and well-preserved skull and lower
jaw, S. clarki is now known from five additional specimens that preserve portions of the craniofacial skeleton. Collectively,
these six specimens represent all elements of the head skeleton except the stapedes, thus making the craniofacial skeleton of
S. clarki one of the best and most completely preserved among all known basal mesoeucrocodylians. In this report, we provide
a detailed description of the entire head skeleton of S. clarki, including a portion of the hyobranchial apparatus. The two most
complete and well-preserved specimens differ substantially in several size and shape variables (e.g., projections, angulations,
and areas of ornamentation), suggestive of sexual dimorphism. Assessment of both external and internal morphological fea-
tures indicates a habitual head posture in which the preorbital portion of the dermal skull roof was tilted downward at an angle
of ∼45◦. Functional and comparative assessment of the feeding apparatus strongly indicates a predominantly if not exclusively
herbivorous diet. Other features of the craniofacial skeleton of S. clarki are consistent with the interpretation developed from
analysis of the postcranial skeleton of a terrestrial habitus, but the current working hypothesis of a burrowing lifestyle is not
supported. The atypical appearance of the skull and lower jaw of S. clarki is underscored by the identification of at least 45
autapomorphic features, many of them related to the greatly foreshortened snout.

INTRODUCTION

The Upper Cretaceous (Maastrichtian) Maevarano Formation
in the Mahajanga Basin of northwestern Madagascar has yielded
the articulated or associated cranial remains of several verte-
brate taxa, including the frog Beelzebufo ampinga Evans, Jones,
and Krause, 2008; the turtle Kinkonychelys rogersi Gaffney,
Krause, and Zalmout, 2009; the lizard Konkasaurus mahalana
Krause, Evans, and Gao, 2003; the snake Menarana nosymena
LaDuke, Krause, Scanlon, and Kley, 2010; the crocodyliforms
Araripesuchus tsangatsangana Turner, 2006, Mahajangasuchus
insignis Buckley and Brochu, 1999 (see also Turner and Buckley,
2008), and Miadanasuchus oblita (Buffetaut and Taquet, 1979)
Simons and Buckley, 2009; the abelisauroid theropods Majun-
gasaurus crenatissimus (Depéret, 1896) Lavocat, 1955 (see also
Sampson et al., 1998; Sampson and Witmer, 2007), and Masi-
akasaurus knopfleri Sampson, Carrano, and Forster, 2001 (see
also Carrano et al., 2002, in press); and the titanosaurian sauro-
pod Rapetosaurus krausei Curry Rogers and Forster, 2001 (see
also Curry Rogers and Forster, 2004). None, however, are as
complete and undistorted, or preserve surface detail as well, as
the head skeleton in the holotype (Université d’Antananarivo
[UA] specimen number 8679) of the blunt-snouted basal mesoeu-
crocodylian Simosuchus clarki. This specimen, which also in-
cludes a large portion of the postcranial skeleton, was rapidly
buried in a debris flow over 65.5 million years ago (Rogers
2005; Krause et al., this volume), discovered and collected by
a field crew of the joint Stony Brook University/Université
d’Antananarivo Mahajanga Basin Project in 1998, and described
in a preliminary report by Buckley et al. in 2000.

The discovery of Simosuchus clarki and description of many
other notosuchian taxa with unusual cranial architecture (e.g.,
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Chimaerasuchus paradoxus Wu, Sues, and Sun, 1995, see also
Wu and Sues, 1996; Malawisuchus mwakasyungutiensis Gomani,
1997; Mariliasuchus amarali Carvalho and Bertini, 1999, see also
Zaher et al., 2006; Baurusuchus salgadoensis Carvalho, Campos,
and Nobre, 2005; Adamantinasuchus navae Nobre and Carvalho,
2006; Sphagesaurus montealtensis Andrade and Bertini, 2008; No-
tosuchus terrestris, see Fiorelli and Calvo, 2008; Armadillosuchus
arrudai Marinho and Carvalho, 2009; Yacarerani boliviensis No-
vas, Pais, Pol, Carvalho, Scanferla, Mones, and Riglos, 2009;
Pakasuchus kapilimai O’Connor, Sertich, Stevens, Roberts, Got-
tfried, Hieronymus, Jinnah, Ridgely, Ngasala, and Temba, 2010)
over the last 10–15 years have effectively dismantled the concept
that crocodyliforms varied little in cranial morphology during
their evolutionary history (Langston, 1973). Buckley et al. (2000)
described the skull of Simosuchus clarki as being dorsoventrally
vaulted with a very abbreviated, squared snout, foliform, multi-
cusped teeth, and an anteriorly shifted jaw joint, and therefore
deviating significantly from the ‘typical’ crocodyliform Bauplan
of a dorsoventrally flattened skull with an elongate snout, re-
curved, conical teeth, and posteriorly positioned jaw articulation.
The morphology and placement of the jaw articulation and the
shape of the teeth of Simosuchus were interpreted by Buckley et
al. (2000) as reflective of an herbivorous diet. The lateral position
of the orbits and the anterior position of the external nares indi-
cated to the authors a terrestrial habit. The deep cranium, short,
shovel-like snout, posteroventrally positioned occipital condyle,
and underslung lower jaw were interpreted as evidence that
Simosuchus may have been a burrower. Finally, the presence of
two unambiguous synapomorphies—“internal nares divided by a
septum and strongly spatulate posterior teeth” (Buckley et al.,
2000:943)—linked Simosuchus with the Late Cretaceous (Ceno-
manian) South American form Uruguaysuchus as sister taxa.

Since the collection and description of the holotype specimen
of Simosuchus clarki, several additional cranial specimens of this
species have been recovered that add relatively little in terms
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of anatomical detail but do permit a preliminary assessment of
intraspecific variability. The discovery of these additional speci-
mens, further preparation of the holotype skull, the ability to dis-
cern anatomical structure in greater detail (e.g., positions of su-
tures, pathways of neurovascular canals) through the use of com-
puted tomography (CT) scanning and image-processing software,
and the recent discovery, description, and analysis of numerous
other notosuchian taxa from elsewhere allow a more detailed,
comparative, and comprehensive assessment of the anatomy, life
habits, and phylogenetic position of Simosuchus than was possi-
ble a decade ago when the holotype was first described.

This report is focused exclusively on the head skeleton, includ-
ing the dentition, of Simosuchus clarki. Its objectives are to (1)
provide a detailed description of the skull, lower jaw, and denti-
tion in a comparative context; (2) evaluate aspects of intraspecific
variability in cranial size, shape, relative proportions, and ontoge-
netic maturity, and to determine the likelihood of sexual dimor-
phism; (3) assess attributes of the head skeleton that might pro-
vide insight into life habits, particularly feeding and locomotion;
and (4) discuss the implications of craniofacial morphology for
phylogeny reconstruction.

Institutional Abbreviations—AMNH, American Museum of
Natural History, New York, U.S.A.; BMNH, British Museum of
Natural History, London, U.K.; BP, Bernard Price Institute for
Palaeontological Research, University of the Witwatersrand, Jo-
hannesburg, South Africa; BSP, Bayerische Staatssammlung für
Paläontologie und Geologie, Münich, Germany; CNRST-SUNY,
Centre National de la Recherche Scientifique et Technologique
de Mali, Bamako, Mali–Stony Brook University, Stony Brook,
U.S.A.; CPPLIP, Centro de Pesquisas Paleontológicas Llewellyn
Ivor Price, Peirópolis, Brazil; DGM, Departamento de Produção
Mineral, Rio de Janeiro, Brazil; FMNH, The Field Museum,
Chicago, U.S.A.; GMPKU-P, School of Earth and Space Sci-
ences, Peking University, Beijing, People’s Republic of China;
IGM, Mongolian Institute of Geology, Ulaan Baatar, Mongolia;
IVPP, Institute of Vertebrate Paleontology and Paleoanthropol-
ogy, Beijing, People’s Republic of China; LACM, Los Angeles
County Museum, Los Angeles, U.S.A.; MACN-PV, Museo Ar-
gentino de Ciencias Naturales, Buenos Aires, Argentina; MAL,
Malawi Department of Antiquities, Lilongwe, Malawi; MCZ,
Museum of Comparative Zoology, Cambridge, U.S.A.; MLP,
Museo de La Plata, La Plata, Argentina; MN, Museu Nacional,
Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil;
MNHN, Muséum National d’Histoire Naturelle, Paris, France;
MNK, Museo de Historia Natural Noel Kempff Mercado, Uni-
versidad Autónoma Gabriel René Moreno, Santa Cruz de la
Sierra, Bolivia; MNN, Musée National du Niger, Niamey, Repub-
lic of Niger; MOZ, Museo Prof. Dr. Juan A. Olsacher, Zapala,
Argentina; MPCA-PV, Museo Provincial Carlos Ameghino,
Cipoletti, Argentina; MPMA, Museu de Paleontologia de Monte
Alto, Monte Alto, Brazil; MTM, Magyar Természettudományi
Múzeum, Budapest, Hungary; MUCPv, Museo de Geologı́a y Pa-
leontologı́a, Universidad Nacional del Comahue, Neuquén, Ar-
gentina; MZSP-PV, Museu de Zoologı́a, Universidade de São
Paulo, São Paulo, Brazil; NMC, Canadian Museum of Nature,
Ottawa, Canada; PVL, Instituto Miguel Lillo, Tucumán, Ar-
gentina; QM, Queensland Museum, Brisbane, Australia; RCL,
Museo de Ciencias Naturales, Pontificia Universidade Catolica
de Minas Gerais, Belo Horizonte, Brazil; ROM, Royal Ontario
Museum, Toronto, Canada; RRBP, Rukwa Rift Basin Project,
Tanzanian Antiquities Unit, Dar es Salaam, Tanzania; SAM,
South African Museum, Cape Town, South Africa; TMM, Texas
Memorial Museum, Austin, U.S.A.; TMP, Royal Tyrrell Mu-
seum of Palaeontology, Drumheller, Canada; UA, Université
d’Antananarivo, Antananarivo, Madagascar; UCMP, University
of California Museum of Paleontology, Berkeley, U.S.A.; UFRJ,
Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil;
UNC, University of North Carolina Department of Geological

Sciences, Chapel Hill, U.S.A.; URC, Museu de Paleontologia e
Estratigrafia Prof. Dr. Paulo Milton Barbosa Landim, Universi-
dade Estadual Paulista, Rio Claro, Brazil.

Anatomical Abbreviations—See Appendix 1.

MATERIALS AND METHODS

Specimens of Simosuchus clarki

Three specimens of Simosuchus clarki are now known in which
the skull and lower jaw are preserved nearly completely: UA
8679, FMNH PR 2596, and FMNH PR 2597. (See Krause et
al. [this volume] for provenance information and an accounting
of the postcranial elements associated with each of these speci-
mens.)

UA 8679—This specimen, which serves as the holotype for
Simosuchus clarki, includes a fully articulated head skeleton (al-
though its anterior and posterior palpebrals were removed from
both sides of the skull during preparation). This specimen in-
cludes nearly all elements of the skull (only the stapedes and
epipterygoids are missing), all elements of the lower jaw, and a
single fragmentary piece of the hyobranchial apparatus. In gen-
eral, the entire head skeleton is preserved extraordinarily well;
distortion is minimal, and externally visible breakage is limited
primarily to one region of the left quadrate within the adductor
chamber and to a few small, isolated areas along the very thinnest
portions of the pterygoid and palatine bones where they surround
the internal nares. Internally, the anteroventral-most portion of
the cranial cavity is incompletely preserved and both left and
right tympanic bullae are partially damaged.

FMNH PR 2596—This specimen includes a nearly complete
head skeleton that remains at least partially articulated. How-
ever, both the skull and lower jaw of this specimen have been
fragmented extensively through severe crushing, and the skull
in particular exhibits additional significant distortion. Most no-
tably, the snout has broken away from the remainder of the skull
near the level of the preorbital crest, and this entire segment of
the facial skeleton has been forced ventrally far beyond its al-
ready strongly ventroflexed natural position. Despite such exten-
sive damage, however, certain elements of the skull and lower
jaw (e.g., articulars, premaxillary teeth) remain remarkably well
preserved.

FMNH PR 2597—This specimen includes a head skeleton that
remains nearly fully articulated and largely complete. The only
elements missing entirely are the stapedes and the right articu-
lar and splenial, as well as the (extracranial) anterior and poste-
rior supratemporal ossifications and the right posterior palpebral.
However, both the skull and lower jaw of this specimen exhibit
significant distortion and isolated areas of breakage, with most
of the latter appearing to have been caused primarily, if not ex-
clusively, by the former. The comparatively poor preservation of
this specimen (and that of FMNH PR 2596, described above) rel-
ative to that of the holotype specimen (UA 8679) may relate to
the fact that both FMNH PR 2596 and FMNH PR 2597 were
preserved in the Masorobe Member of the Maevarano Forma-
tion, whereas UA 8679 was collected from facies 2 of the Anem-
balemba Member, the latter being well known for its exquisite
preservation of fossil vertebrate specimens (Rogers et al., 2000,
2007; Rogers, 2005).

The most significant distortion evident in the head skeleton of
FMNH PR 2597 is a sagittal shearing that resulted in the right
side of the skull and lower jaw being forced anteriorly relative
to the left side. Specifically, the right squamosal has been forced
strongly anteroventrally. The anterior component of this move-
ment was transmitted to the right postorbital, and thus to the
right jugal, consequently resulting in breakage of several bones
near the anteroventral margin of the right orbital fenestra (i.e.,
anterior process of the jugal, descending process of the lacrimal,
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and posterior-most portion of the alveolar process of the max-
illa), as well as deformation of the right antorbital fenestra (due
to an anterior displacement of the descending process of the
lacrimal and ascending process of the maxilla) (see Krause et al.,
this volume:fig. 4). Ultimately, anterior displacement of the en-
tire right half of the snout resulted in significant crushing of the
anterior surfaces of both the right premaxilla and maxilla.

Simultaneously, the ventral component of the anteroventral
displacement of the right squamosal was transmitted to the right
quadrate, and ultimately to both the pterygoid and the right
mandibular ramus. In the case of the former, anterodorsal rota-
tion of the pterygoid process of the quadrate was transmitted to
the quadrate process of the pterygoid, forcing the more anterior
portions of the pterygoid to rotate ventrally (likely the cause of
breakage to both the anterior process and right transverse pro-
cess of the pterygoid, and to the palatines as well). In the case of
the latter, anteroventral rotation of the distal portion of the body
of the right quadrate (and thus the quadratic hemicondyles) not
only forced the entire right half of the lower jaw anteriorly rela-
tive to the left half, but also apparently caused significant damage
in the region of the right craniomandibular joint; the body of the
right quadrate is badly broken and no portion of the right artic-
ular was preserved. Despite this extensive distortion and break-
age, however, FMNH PR 2597 preserves the majority of the head
skeleton more or less articulated and intact, thus making possible
at least some additional, though limited, observations concerning
intraspecific variability in the morphology of the skull and lower
jaw of Simosuchus clarki. Perhaps even more significantly, it is
the only specimen of Simosuchus currently known to preserve
the epipterygoids.

Other Specimens—In addition to the three articulated spec-
imens listed above, three other specimens include isolated ele-
ments, or fragments of elements, of the head skeleton of Simo-
suchus clarki: UA 9754 includes a nearly complete right ec-
topterygoid (missing only the posterior process); UA 9762 in-
cludes a partial frontal (right posterolateral portion); and FMNH
PR 2598 includes fragments of the right quadratojugal (ventral
three-quarters of the central plate, together with the tubercle and
proximal-most portion of the anterior process), surangular (ante-
rior half of ramus), and angular (three separate fragments collec-
tively comprising nearly the entire ventrolateral flange).

Due to the near completeness and generally exquisite preser-
vation of UA 8679, together with the exceptional quality of the
high-resolution X-ray computed tomographic (HRXCT) scans
taken of its skull and lower jaw, our description of the head
skeleton of S. clarki is based predominantly on this specimen.
Moreover, due to the extensive crushing and distortion of FMNH
PR 2596, and the significant (albeit far less severe) distortion of
FMNH PR 2597, all measurements given in the text refer specif-
ically to UA 8679, unless otherwise indicated (but see Tables 1
and 2 for morphometric comparisons of the two most complete
articulated specimens, UA 8679 and FMNH PR 2597). Neverthe-
less, despite the distortion and breakage evident in both FMNH
PR 2596 and FMNH PR 2597, these specimens provide useful
comparative data that serve to further corroborate our anatom-
ical interpretations of the holotype and provide information on
intraspecific variability in this taxon.

Comparative Material

In addition to the specimens of Simosuchus clarki referenced
above, the following specimens representing other crocodyliform
taxa, both extinct and extant, were examined to facilitate the
comparisons made in this paper. Where published illustrations
and descriptions were used to supplement information obtained
through direct observation of specimens, appropriate references
follow specimen numbers. Where only published illustrations and

descriptions of individual specimens were available, the appropri-
ate references are enclosed in brackets.

Adamantinasuchus navae (UFRJ-DG 107-R [Nobre and Car-
valho, 2006]); Alligator mississippiensis (FMNH 8201; Iordansky,
1973; Brochu, 1999); Anatosuchus minor (MNN nos. GAD17,
GAD603; Sereno et al., 2003; Sereno and Larsson, 2009);
Araripesuchus buitreraensis (MPCA-PV nos. 235, 236; Pol and
Apesteguı́a, 2005); Araripesuchus gomesii (AMNH FR 24450;
DGM-DNPM 432-R [Price, 1959]); Araripesuchus patagoni-
cus (MUCPv nos. 267, 269, 270, 283; Ortega et al., 2000);
Araripesuchus tsangatsangana (FMNH nos. PR 2297–PR 2299,
UA 8720; Turner, 2006); Araripesuchus wegeneri (MNHN-GDF
700, MNN GAD19; Buffetaut and Taquet, 1979; Sereno and
Larsson, 2009); Armadillosuchus arrudai (UFRJ-DG 303-R,
MPMA-64-0001-04 [Marinho and Carvalho, 2009]); Baurusuchus
pachecoi (DGM 299-R [Price, 1945, Carvalho et al., 2005]); Bau-
rusuchus salgadoensis (MPMA 62-0001-02 [Carvalho et al., 2005;
Vasconcellos and Carvalho, 2007]); Bretesuchus bonapartei (PVL
4735; Gasparini et al., 1993); Caiman crocodilus (AMNH R
43291; Brochu, 1999); Caiman latirostris (AMNH nos. R 62555,
R 143183; Brochu, 1999); Caiman yacare (AMNH nos. R 97295,
R 97296, R 97309; Brochu, 1999); Calsoyasuchus valliceps (TMM
43631-1; Tykoski et al., 2002); Candidodon itapecuruense (MN-
4355-V [Carvalho, 1994]; UFRJ-DG 114-R [Nobre and Carvalho,
2002]); Chimaerasuchus paradoxus (IVPP V8274 [Wu and Sues,
1996]); Comahuesuchus brachybuccalis (MUCPv 202, MACN-
PV nos. N 30, N 31 [Bonaparte, 1991]; MOZ P 6131 [Mar-
tinelli, 2003]); Crocodylus acutus (AMNH R 66635; Iordansky,
1973); Crocodylus niloticus (FMNH nos. 17157, 217153); Diboth-
rosuchus elaphros (IVPP V 7907; Wu and Chatterjee, 1993);
Dromicosuchus grallator (UNC 15574 [Sues et al., 2003]); Eden-
tosuchus tienshanensis (IVPP V 3236; GMPKU-P 200101 [Pol et
al., 2004]); Fruita Form (LACM 120455a [Clark, 1985]); Gavi-
alis gangeticus (FMNH nos. 82681, 98864; Iordansky, 1973); Go-
niopholis simus (BMNH 41098; Salisbury et al., 1999); Gonio-
pholis stovalli (AMNH FR 5782; Mook, 1964); Hamadasuchus
rebouli (ROM 52620; Larsson and Sues, 2007); Hesperosuchus
agilis (AMNH FR 6758 [Clark et al., 2000]); Hylaeochampsa vec-
tiana (BMNH R177; Clark and Norell, 1992); Iharkutosuchus
makadii (MTM 2006.52.1 [

′′
Osi et al., 2007;

′′
Osi, 2008]); Isisfor-

dia duncani (QM nos. F36211, F44320 [Salisbury et al., 2006]);
Junggarsuchus sloani (IVPP V 14010 [Clark et al., 2004]); Kapro-
suchus saharicus (MNN IGU12; Sereno and Larsson, 2009);
Laganosuchus thaumastos (MNN IGU13; Sereno and Larsson,
2009); Leidyosuchus canadensis (AMNH FR 5352; NMC 2279;
ROM 1903; TMP 74.10.8; Wu et al., 2001); Libycosuchus bre-
virostris (BSP 1912.VIII.574; Stromer, 1914); Litargosuchus lep-
torhynchus (BP/1/5273 [Clark and Sues, 2002]); Lomasuchus
palpebrosus (MOZ 4084 PV; Gasparini et al., 1991); Mahajan-
gasuchus insignis (FMNH nos. PR 2389, PR 2448–PR 2450; UA
nos. 8654, 9046, 9047, 9737; Turner and Buckley, 2008); Malaw-
isuchus mwakasyungutiensis (MAL nos. 46, 48, 49; Gomani,
1997); Mariliasuchus amarali (MZSP-PV nos. 50, 51 [Zaher et
al., 2006]; UFRJ-DG 106-R [Nobre et al., 2008]; URC R-68 [An-
drade and Bertini, 2008b]); Melanosuchus niger (AMNH nos.
R 58135, R 110179; Brochu, 1999); Montealtosuchus arrudacam-
posi (MPMA-16-0007-04 [Carvalho et al., 2007]); Notosuchus ter-
restris (MACN-PV nos. N 20, N 22, N 24, N 43, RN 1037–RN
1044, RN 1046, RN 1048, RN 1118, RN 1119; MLP nos. 64-IV-
16-1, 64-IV-16-5, 64-IV-16-6, 64-IV-16-10–64-IV-16-13, 64-IV-16-
23; MPCA-PV nos. 249, 250; MUCPv nos. 35, 147, 287; Fiorelli
and Calvo, 2008); Pakasuchus kapilimai (RRBP nos. 05103,
08631; O’Connor et al., 2010); Paleosuchus palpebrosus (AMNH
nos. R 97326, R 97328; Brochu, 1999); Paleosuchus trigonatus
(AMNH nos. R 137174, R 137175; Brochu, 1999); Peirosaurus
torminni (MOZ 1750 PV; Gasparini et al., 1991; DGM-433-R
[Price, 1955]); Pristichampsus vorax (FMNH nos. PR 74, PR 399,
PR 479; UCMP 154329; Troxell, 1925); Protosuchus richardsoni
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(AMNH FR 3024; MCZ 6727; UCMP nos. 130860, 131827;
Colbert and Mook, 1951); Rhabdognathus aslerensis (CNRST-
SUNY 190; Brochu et al., 2002); Sarcosuchus imperator (MNHN
GDF 662; MNN 603, 604; Broin and Taquet, 1966; Sereno et
al., 2001); Shamosuchus djadochtaensis (AMNH FR 6412, IGM
100/1195; Pol et al., 2009); Sphagesaurus huenei (RCL 100 [Pol,
2003]); Sphagesaurus montealtensis (MPMA 15–001/90 [Andrade
and Bertini, 2008a]); Sphenosuchus acutus (SAM 3124 [Walker,
1990]); Stolokrosuchus lapparenti (MNN GDF600, Larsson and
Gado, 2000); Stomatosuchus inermis (see Stromer, 1925); Ter-
minonaris robusta (AMNH nos. FR 5849, FR 5850; Wu et al.,
2001); Theriosuchus pusillus (BMNH nos. R 48216, R 48218,
R 48227, R 48328, R 48330; Clark, 1986); Tomistoma schlegelii
(AMNH R 15177, MCZ 12459 [Mook, 1921b; Iordansky, 1973]);
Uberabasuchus terrificus (CPPLIP 630 [Carvalho et al., 2004]);
Uruguaysuchus aznarezi (see Rusconi, 1933); Yacarerani bo-
liviensis (MNK-PAL5063 [Novas et al., 2009]); Zaraasuchus shep-
ardi (IGM 100/1321; Pol and Norell, 2004b); Zosuchus davidsoni
(IGM nos. 100/1304–100/1308; Pol and Norell, 2004a).

Comparisons made to ‘mesoeucrocodylians’ refer to all
taxa contained within the clade Mesoeucrocodylia as defined
by Whetstone and Whybrow (1983), whereas comparisons
made to ‘basal mesoeucrocodylians’ refer only to members of
Mesoeucrocodylia basal to Neosuchia. Comparisons made to
‘crocodylians’ refer to all members of the clade Crocodylia as de-
fined by Brochu (2003) (i.e., the most recent common ancestor
of Gavialis gangeticus, Alligator mississippiensis, and Crocodylus
niloticus, and all of its descendants).

Computed Tomography

The skull and lower jaw of the holotype (UA 8679) of Simo-
suchus clarki were μCT-scanned at the High-Resolution X-ray
Computed Tomography (HRXCT) Facility of The University of
Texas at Austin. The specimen was scanned in the transverse
plane (field of reconstruction = 121 mm), resulting in a total of
999 slices, each 0.131 mm thick, with an interslice spacing of 0.131
mm, and a pixel resolution of 1024 × 1024. The original trans-
verse slices were then resliced in both the frontal and sagittal
planes, with reslicing done on every pixel, resulting in interslice
spacings of 0.118 mm in these reslicings.

HRXCT images of UA 8679 were examined directly using
OsiriX software (available at http://www.osirix-viewer.com/). In
addition, these images were further processed (by M. Colbert and
J. Maisano of The University of Texas at Austin) using VGStu-
dioMAX software (Volume Graphics, Heidelberg, Germany) to
create three-dimensional (3-D) animations of the head skeleton
of this specimen. Specifically, four sets of QuickTime animations
were created: (1) 3-D rotations around the three principal or-
thogonal axes; (2) 3-D rotations around the three principal or-
thogonal axes, with the remaining matrix digitally removed; (3)
3-D dynamic cutaways along the three principal orthogonal axes,
with the remaining matrix digitally removed; and (4) slice-by-
slice animations along the three principal orthogonal axes. An
interactive version of the HRXCT data set, including animations
of 3-D reconstructions, as well as additional technical informa-
tion concerning the scans and image processing, can be viewed
at http://www.digimorph.org/specimens/Simosuchus clarki. The
original full-resolution HRXCT data are available from the cor-
responding author upon request.

The head skeletons of FMNH PR 2596 and FMNH PR 2597
were CT-scanned on a GE Lightspeed VCT scanner at the Stony
Brook University Medical Center. FMNH PR 2596 was scanned
in the transverse plane (field of reconstruction = 124 mm), re-
sulting in a total of 501 slices, each 0.625 mm thick, with an in-
terslice spacing of 0.200 mm, and a pixel resolution of 512 ×
512. FMNH PR 2597 was also scanned in the transverse plane
(field of reconstruction = 96 mm), resulting in a total of 410

slices, each 0.625 mm thick, with an interslice spacing of 0.310
mm, and a pixel resolution of 512 × 512. These transverse slices
were examined directly (and resliced in both the frontal and sagit-
tal planes) using both OsiriX and ImageJ software (available at
http://rsb.info.nih.gov/ij; developed by W. Rasband, National In-
stitutes of Health, Bethesda, U.S.A.). In addition, 3-D Quick-
Time animations of the head skeletons of these referred speci-
mens (i.e., rotations around the three principal orthogonal axes)
were created using OsiriX software.

Measurements

All external linear measurements of the skull and lower jaw
of Simosuchus clarki were taken using a hand-held Mitutoyo
CD-8”C digital caliper, with the specimens held under either a
Zeiss SteREO Discovery.V12 stereomicroscope or a Ledu 120
mm magnifying lamp. Each reported measurement represents
the mean of 10 individual measurements, rounded to the nearest
0.1 mm. Comparative measurements taken on the head skeletons
of UA 8679 and FMNH PR 2597 are described and reported in
Tables 1 and 2.

Whereas external anatomical structures were generally mea-
sured by hand with a caliper, internal structures within the head
skeleton of UA 8679 were measured digitally from HRXCT scans
using OsiriX and Image J software. In addition, a small number of
non-linear measurements were made digitally from photographs
using Image J software.

Conventions Adopted Regarding Directional Anatomical
Nomenclature

The potential advantages and disadvantages of adopting a
standardized system of anatomical nomenclature for all non-
human tetrapods continue to be debated in the literature (see
Harris, 2004, and Wilson, 2006, for recent reviews). Nevertheless,
at present, no standardized ‘Nomina Anatomica Tetrapodum’
exists. Although some vertebrate morphologists have adopted
the standardized terminologies formalized in Nomina Anatomica
Veterinaria (ICVGAN, 2005) (developed for domesticated mam-
mals) or Nomina Anatomica Avium (Baumel et al., 1993) (devel-
oped for birds), and have applied them to other distantly related
tetrapod taxa, others continue to use the well-entrenched, tradi-
tional anatomical terminology that arose historically in parallel
with the early development and subsequent growth of compara-
tive vertebrate anatomy as a formal discipline. In our description
of the skull and lower jaw of Simosuchus clarki, we follow the lat-
ter approach by using the anatomical nomenclature traditionally
applied to reptiles, initially developed principally by Owen (1854,
1866), and subsequently elaborated by Williston (1925) and, most
significantly, Romer (1956). Most notably, we use the traditional
directional terms ‘anterior’ and ‘posterior’ rather than their vet-
erinary equivalents, ‘rostral’ and ‘caudal.’ However, given the ex-
treme angulation of both the upper and lower dental arcades in
Simosuchus, we use standard terms from dental anatomy (i.e.,
‘mesial,’ ‘distal,’ ‘labial,’ and ‘lingual’) (e.g., Peyer, 1968) to de-
scribe the orientations of teeth and certain portions of the three
paired bones that possess them in Simosuchus (i.e., premaxillae,
maxillae, and dentaries).

One additional, taxon-specific consideration regarding our
usage of directional anatomical nomenclature relates to the
strongly angulated skull of Simosuchus. If, for example, the pos-
terior portion of the cranial table is oriented horizontally, then
the preorbital portion of the skull must be considered to be di-
rected not anteriorly, but rather anteroventrally (i.e., pitched
downward at an angle of 45◦). Although this is indeed precisely
the orientation that we infer to be the habitual head posture
for S. clarki (see ‘Habitual Head Posture’ [below]), our anatom-
ical description is written—largely for pragmatic reasons—as
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if the natural orientation of the head skeleton was essentially
‘neutral’ (i.e., with both the snout and posterior cranial table
pitched downward by ∼22.5◦); not coincidentally, this is the ori-
entation of the skull when it is positioned in articulation with the
lower jaw, with the latter resting on a horizontal surface (i.e., sup-
ported on each side between the retroarticular process and the
posterior portion of the ventral lamina of the splenial).

SYSTEMATIC PALEONTOLOGY

ARCHOSAURIA Cope, 1869
CROCODYLOMORPHA Walker, 1970

CROCODYLIFORMES Hay, 1930 (sensu Clark, in Benton and
Clark, 1988)

MESOEUCROCODYLIA Whetstone and Whybrow, 1983
NOTOSUCHIA Gasparini, 1971

SIMOSUCHUS CLARKI Buckley, Brochu, Krause, and Pol,
2000

Type Specimen—UA 8679, complete skull and lower jaw and
anterior portion of postcranial skeleton.

Age and Distribution—Late Cretaceous (Maastrichtian),
Madagascar.

Referred Specimens—See complete listing in Krause et al.
(this volume).

Diagnosis—See Turner and Sertich (this volume).

DESCRIPTION AND COMPARISONS

General Description of the Skull and Lower Jaw

The skull of Simosuchus clarki, if preserved in its entirety,
would have been comprised of 41 individual elements, 17 of them
paired (unfused, left and right, for a total of 34—premaxillae,
maxillae, nasals, lacrimals, prefrontals, squamosals, postorbitals,
quadratojugals, jugals, ectopterygoids, palatines, vomers, lat-
erosphenoids, prootics, epipterygoids, stapedes, and quadrates)
and seven unpaired (fused at midline—frontal, parietal, ptery-
goid, parabasisphenoid, basioccipital, otoccipital, and supraoc-
cipital) (Fig. 1A–E). Of these elements, the only ones not pre-
served in the known specimens of S. clarki are the stapedes. The
lower jaw, which we believe to be preserved in its entirety, is com-
prised of five paired elements (unfused, left and right, for a total
of 10—articulars, surangulars, angulars, splenials, and dentaries)
(Fig. 1A, C–E). The boundaries of each of the preserved skull
and lower jaw elements, including the sutures separating con-
tiguous elements, were delineated primarily by gross and light
microscopic observation of external surfaces, but also by tracing
their subsurface projections internally using high-resolution X-
ray computed tomographic (HRXCT) scans. The prootics, hav-
ing no external exposure, were visualized exclusively through
HRXCT scans. Significantly, because of its rare preservation in
fossil crocodylomorphs, a nearly complete element of the hy-
obranchial apparatus, the right first ceratobranchial, is preserved
in the holotype specimen (UA 8679) of S. clarki.

In addition to these primary elements of the dermatocranium,
chondrocranium, and splanchnocranium, there are four dermal
ossifications associated with each side of the skull (preserved
in their entirety only in the holotype specimen [UA 8679]).
These consist of two palpebrals (one large anterior element and
a much smaller posterior one; Fig. 1A, B, D), which, in life,
would have been embedded in the fixed upper eyelids, and two
small supratemporal ossifications (a small anterior element and a
slightly smaller posterior one; Fig. 1A), which, in life, would have
been embedded in the skin overlying each supratemporal fenes-
tra.

Dorsal View—In dorsal view (Fig. 2), the most notable feature
of the skull of Simosuchus clarki is its remarkable brevity, a result
of its greatly foreshortened snout. Indeed, the anteroposterior
length of the rostrum is only slightly more than half its transverse

width, proportions that are unique among adult basal mesoeu-
crocodylians (though approached by Comahuesuchus brachybuc-
calis). The rostrum is also considerably shorter than the remain-
der of the skull that follows posteriorly. In this view, it is subrect-
angular with an anterior margin that is essentially flat, parallel
lateral margins, and rounded anterolateral corners. The length
of the head skeleton along the dorsal midline is only slightly
greater than its maximum width, in part a result of the bowed
jugals, but especially because of the lateral flaring of the ven-
tral margins of the angulars of the lower jaw. The external nares
face anterolaterally and the very large orbits face dorsolaterally.
However, each orbit is roofed dorsally by two substantial, artic-
ulating palpebrals—the anterior one being approximately four
times larger than the posterior one—which effectively alter the
orientation of the orbits such that they face almost directly later-
ally. Between the nares and orbits are relatively small, lenticular
(in this view) antorbital fenestrae that face anterolaterally. The
salient features of the posterior region of the skull as seen in dor-
sal view are the supratemporal fossae, each of which preserves
two small supratemporal ossifications that, in life, helped to cover
the subtrapezoidal supratemporal fenestrae, and the prominent
posterior processes of the squamosals, which extend relatively far
posterolaterally from the occipital surface of the skull.

With the exception of the lateral surface of the anterior process
of the jugal, the external surfaces of the skull bones are much
more heavily sculptured on the dorsal aspect of the skull than
those that are visible anteriorly and laterally. Prominent sculp-
turing is also evident on the ventrolateral flanges of the angulars,
which can be seen in this view because they extend further later-
ally than does the skull itself.

Ventral View—The ventral view of the skull (Fig. 3) reveals
that the palatal processes of the maxillae are separated from one
another along the midline by the anterior process of the ptery-
goid (posteriorly) and by the palatal processes of the vomers
(anteriorly). Similarly, the internal narial fenestrae (choanae)
are divided completely in the midline by the anterior process of
the pterygoid. The palate is remarkably short and broad, with
the premaxillae and maxillae forming the margins of the snout
and bearing teeth that are foliform, multicusped, and arranged
in anterior transverse and posterior longitudinal series. More
posteriorly, the ventral surface of the skull is dominated by ro-
bust, anteroventrolaterally projecting transverse processes of the
pterygoid that articulate anteriorly with the descending processes
of the ectopterygoids. The midline of the posterior portion of
the skull features a large median Eustachian foramen as well as
a foramen magnum and occipital condyle that face posteroven-
trally. The anteroventrally sloping occipital region is bordered
laterally on each side by the articular condyle of the quadrate
and the tubercle of the quadratojugal and posterolaterally by the
prominent posterior process of the squamosal.

Lateral View—The combination of brevity and height of the
skull and lower jaw of Simosuchus clarki is best visualized in lat-
eral view (Fig. 4). The snout, in addition to being anteroposteri-
orly short and dorsoventrally tall, is strongly downturned, a re-
sult of prominent ventroflexion about a transverse axis passing
through the orbits. The antorbital fenestra is amygdaloid in shape
and relatively small, much smaller than the external mandibular
fenestra and especially the orbital fenestra; it is roughly compa-
rable in size to the external narial fenestra. The orbits are essen-
tially round, directed dorsolaterally (but almost directly laterally
with the palpebrals in place), and very large, occupying more than
one-quarter the total length of the skull (i.e., including the pos-
terior processes of the squamosals), and nearly meeting in the
midline (where they were likely largely or completely separated
from one another by a cartilaginous interorbital septum). The
transverse process of the pterygoid, coupled with the descend-
ing process of the ectopterygoid, extend ventrally to a level well
below a line connecting the ventral margins of the premaxilla and
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maxilla anteriorly and the ventral margins of the hemicondyles of
the quadrate posteriorly. The craniomandibular joint is located
well forward of the posterior end of the skull, lying anteroven-
tral to the otic aperture and immediately ventral to the central
plate of the quadratojugal. The posterior margin of the skull, in
lateral view and with the head in what we refer to as a ‘neutral
position’ (i.e., as if placed in articulation with the lower jaw on a
horizontal surface), is oriented obliquely, bounded by the poste-
rior descending process of the squamosal posterodorsally and the
body of the quadrate anteroventrally. As a result of the oblique
orientation of the posterior part of the skull, the occipital condyle
and foramen magnum are directed posteroventrally rather than
directly posteriorly. However, if the skull is oriented into the po-
sition that we infer to represent the habitual head posture of S.
clarki (i.e., with the snout pitched downward at an angle of ∼45◦;
see ‘Habitual Head Posture’ [below]), the posterior margin of the
skull, formed largely by the body of the quadrate, would be ori-
ented more nearly vertically, the occipital condyle would be di-
rected more posteriorly than ventrally, and the foramen magnum
would face directly posteriorly.

The lower jaw is deepest in the region of the external mandibu-
lar fenestra, tapering anteroventrally along the alveolar pro-
cess of the dentary and posteroventrally toward a robust, yet
relatively short, retroarticular process formed by the articular,
angular, and surangular. The dentary, like the premaxilla and
maxilla, supports foliform, multicusped teeth. The large exter-
nal mandibular fenestra is bordered anterodorsally by the den-
tary, dorsally and posterodorsally by the surangular, and ven-
trally and posteroventrally by the angular. The angular, which
flares strongly laterally, is prominently sculptured along its ex-
ternal surface.

Anterior View—The anterior view of the skull (Fig. 5) is dom-
inated by tall, dentigerous premaxillae that meet in the midline
to form a dorsally peaked internarial bar, anterolaterally facing
external nares, rounded lateral margins of the maxillae, laterally
flaring jugals, and nearly flat, highly sculptured dorsal surfaces of
the bones of the anterior portion of the dermal skull roof. The
overall shape of the skull in this view is subrectangular except for
the large orbits that scallop the lateral margins.

The ventrolateral flaring of the angulars is most obvious in this
view; they render the lower jaw considerably wider than the skull
itself. The dentaries each send a dorsoventrally shallow ramus
medially from the anterolateral corners of the lower jaw to meet
at the midline at the fused (but still very visible) mandibular sym-
physis.

Posterior View—The posterior region of the skull deviates less
in relative size and shape from the typical crocodyliform pat-
tern than does the anterior portion. The posterior view (Fig. 6)
exhibits a nearly flat dorsal margin, laterally projecting poste-
rior processes of the squamosals at the dorsolateral corners, and
nearly vertically oriented quadrates laterally that articulate ven-
trally with the lower jaw. At the posterior midline is a prominent
nuchal crest, a nearly circular foramen magnum (directed pos-
teroventrally, but inferred to have been most typically held in
a posteriorly facing orientation in life; see ‘Habitual Head Pos-
ture’ [below]), and a short, posteroventrally directed occipital
condyle.

In posterior view, the lower jaw exhibits a prominent tubercle
extending ventrally from the fused mandibular symphysis, rami
that deepen slightly as they extend laterally, prominent flanges
of the angular that extend ventrolaterally, and prominent ven-
tromedial processes of the angular, surangular, and articular that
join to form a retroarticular process lying ventral to the jaw joint.

Major Cranial Fenestrae, Foramina, and Fossae

External Narial Fenestrae—The external narial fenestrae
(Figs. 2, 4, 5) are oriented anterolaterally, as in many basal
mesoeucrocodylians, and are subtriangular in shape, their an-
teroventral corners being somewhat rounded. Each is bounded
anteromedially by the dorsolateral margin of the dorsomedial
process of the premaxilla, posterolaterally by a prominent an-
terodorsally facing crest on the dorsolateral process of the pre-
maxilla, and dorsally by the anterolateral edge of the nasal. They
measure ∼17 mm in maximum width and ∼8.7 mm in maximum
height. In the floor of each external narial fenestra, where the
dorsomedial and dorsolateral processes of the premaxilla con-
verge toward one another, there is a shallow groove extending
anterolaterally for a short distance onto the anterior lamina of the
alveolar process of the premaxilla. The external narial fenestrae
are well separated from one another by the broad, triangular in-
ternarial bar (‘septum’) formed by the dorsomedial processes of
the premaxillae; as noted originally by Buckley et al. (2000), this
condition is unique to Simosuchus clarki among crocodyliforms.

Perinarial Fossae—The perinarial fossae (Figs. 2, 4, 5) are ap-
proximately ovoid in shape and are positioned immediately lat-
eral to the external narial fenestrae. Each is oriented such that
its floor faces predominantly anteriorly, but also slightly dorsally
and laterally as well. The medial half of each fossa is formed by
a concavity along the anterolateral surface of the dorsolateral
process of the premaxilla. The lateral half is formed by the an-
teromedially concave anterior margin of the ascending process
of the maxilla. Extending along the long axes of these fossae are
the dorsal portions of the premaxillomaxillary sutures. Straddling
each of these sutures, just dorsal to the ventral margin of each
fossa, is a prominent perinarial foramen, which lies directly dor-
sal to the ipsilateral anterior palatal foramen. The perinarial fos-
sae are quite prominent, with each reaching a depth of several
millimeters and measuring ∼17 mm along its major axis and ∼12
mm along its minor axis.

Although these fossae are almost certainly homologous with
the perinarial fossae described previously in various other noto-
suchian taxa (e.g., Mariliasuchus amarali [see Zaher et al., 2006]),
they might be more aptly thought of as ‘paranarial fossae’ in
Simosuchus clarki, as radical structural reorganization—in partic-
ular, extreme widening—of the snout has effectively resulted in
them being more laterally placed. Thus, the fossae are no longer
restricted to the premaxillae, but rather each is formed jointly by
the ipsilateral premaxilla and maxilla. This condition represents
an autapomorphy of Simosuchus.

Internal Narial Fenestrae—The internal narial fenestrae
(Fig. 3), or choanae (secondary choanae sensu Witmer, 1995), are
relatively large in size, subtriangular in shape (bluntly rounded
at their corners), and positioned directly adjacent to the more

← FIGURE 1. Bones of the skull and lower jaw of Simosuchus clarki, based on the holotype (UA 8679), in A, dorsal; B, ventral (lower jaw
removed); C, reversed right lateral; D, anterior; and E, posterior views. The anterior and posterior palpebrals are shown in their articulated positions on
the left side of the specimen only. See color key inset (right center) for identification of individual elements of the head skeleton and associated dermal
ossifications. Foramina, fenestrae, canals, and cavities still filled with matrix, retained to ensure structural integrity, are shown with diagonal hatching.
Areas of bones still partially obscured by residual matrix along their surfaces are shown with horizontal hatching. Note: neither the epipterygoids nor
the stapedes are preserved in this specimen (nor would they have been visible in these views), and the prootics, although well preserved, are almost
exclusively internal structures and therefore not visible in these external views.
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FIGURE 2. Skull and lower jaw of the holotype (UA 8679) of Simosuchus clarki in dorsal view. A, photograph; B, interpretive drawing. The anterior
and posterior palpebrals are shown in their articulated positions on the left side of the specimen only. See Appendix 1 for anatomical abbreviations.
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FIGURE 2. Continued.

laterally placed suborbital fenestrae, as is typical of nearly
all crocodyliforms except derived neosuchians. They measure
∼21 mm in maximum length (an estimate because portions of
both palatines are broken away in UA 8679) and ∼12 mm in

maximum width. The anterior, medial, and posterior borders of
each fenestra are approximately coplanar, being formed by the
posteromedial edge of the palatal process of the palatine, the
lateral edge of the ventral lamina of the anterior process of the
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FIGURE 3. Skull of the holotype (UA 8679) of Simosuchus clarki in ventral (palatal) view. A, photograph; B, interpretive drawing. The anterior
and posterior palpebrals are shown in their articulated positions on both sides of the specimen. See Appendix 1 for anatomical abbreviations.
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FIGURE 3. Continued.

pterygoid, and the anterior edge of the transverse process of the
pterygoid, respectively. The lateral borders of the internal nar-
ial fenestrae are situated somewhat more dorsally, being formed
by the ventrolateral edges of the dorsolateral laminae of the an-

terior process of the pterygoid, similar to the condition exhib-
ited by Uruguaysuchus aznarezi. The internal nares are divided
completely by a septum formed by the ventral and vertical lami-
nae of the anterior process of the pterygoid. Similar internarial
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FIGURE 5. Skull and lower jaw of the holotype (UA 8679) of Simosuchus clarki in anterior view. A, photograph; B, interpretive drawing. The lower
jaw is shown in a partially depressed position and the anterior and posterior palpebrals are shown in their articulated positions on the left side of the
specimen only. See Appendix 1 for anatomical abbreviations.

(choanal) septa are present in Araripesuchus, Uruguaysuchus,
peirosaurids, and various neosuchian taxa.

Incisive Fossa—The incisive fossa (Fig. 3) is a dome-shaped
recess that projects dorsally from the center of the palatal por-
tion of the interpremaxillary suture. It is relatively deep, ex-
tending more than 5 mm above the already-vaulted roof of the
anterior-most portion of the bony palate (i.e., anterior palatal
trough), and it is pierced at its dorsal apex by a prominent in-
cisive foramen. The incisive fossa is formed entirely by the pre-
maxillae; on each side, it is bounded anteriorly by the medial-
most portion of the posterior lamina of the alveolar process,
and laterally and posteriorly by the ventral lamina of the palatal
process.

Antorbital Fenestrae—The antorbital fenestrae (Figs. 2, 4, 5)
are moderate in size and approximately amygdaloid in shape,

their major axes slanting (from anterodorsal to posteroven-
tral) at an angle of ∼60◦ relative to the flat (antero)dorsal
surface of the snout. Each lies directly anterior to the ven-
tral half of the ipsilateral orbit and is bounded predomi-
nantly by the posterior margin of the ascending process of
the maxilla anteroventrally and by the ventral margin of the
facial lamina of the lacrimal posterodorsally. However, the
anterior-most tip of the anterior process of the jugal also
contributes slightly to the margin of the fenestra at its pos-
teroventral corner. The left lacrimal of UA 8679 is partially
broken, thereby slightly distorting the morphology of the left
antorbital fenestra. However, the right antorbital fenestra in
this specimen is undistorted and measures 17.3 mm along its
major axis (i.e., about one-half the diameter of the orbital
fenestra) and 8.7 mm across its minor axis (i.e., about one-quarter
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FIGURE 5. Continued.

the diameter of the orbital fenestra). The antorbital fenestrae are
directed primarily laterally, although they do face very slightly
dorsally and anteriorly as well.

The distinct amygdaloid shape of the antorbital fenestrae
of Simosuchus clarki, with their acutely angled anterodorsal
and posteroventral vertices, is unique among crocodyliforms. In
addition, the anterodorsal-to-posteroventral orientation of the
long axes of these fenestrae is unusual, having been described
previously in relatively few other basal mesoeucrocodylians
(e.g., Montealtosuchus arrudacamposi [see Carvalho et al.,
2007]; Sphagesaurus montealtensis [see Andrade and Bertini,
2008a]).

Orbital Fenestrae—As in many basal mesoeucrocodylians, the
orbital fenestrae (Figs. 2, 4) are oriented primarily laterally, but
somewhat dorsally as well. They are nearly circular in shape and
are by far the largest of the cranial openings in Simosuchus, hav-
ing maximum diameters of ∼35 mm. However, with the dorsally
positioned anterior and posterior palpebrals in place, the effec-
tive orientation of the orbits is nearly entirely lateral, and their
effective height is reduced by approximately one-third. Each or-

bital fenestra is bordered dorsally by the lateral margin of the
dorsal lamina of the frontal, posterodorsally by the anterolateral
margin of the anteromedial process of the postorbital, posteriorly
by the anterolateral margin of the descending process of the pos-
torbital, posteroventrally by the anterior margin of the ascending
process of the jugal, ventrally by the dorsal crest of the anterior
process of the jugal, anteroventrally by the posterior margin of
the descending process of the facial lamina of the lacrimal, and
anterodorsally by the posterior margin of the dorsal lamina of
the prefrontal.

Suborbital Fenestrae—The suborbital fenestrae (Fig. 3)
(palatal fenestrae sensu Iordansky, 1973) lie immediately lateral
to the internal narial fenestrae and directly ventral to the ante-
rior halves of the orbits. They are roughly kite-shaped in palatal
view, with their major axes oriented at an angle of ∼25◦ relative
to the longitudinal axis of the skull. They measure ∼17 mm along
their major axes and ∼14 mm across their minor axes. Each sub-
orbital fenestra is bounded anteromedially by the posterior edge
of the palatal process of the palatine, medially by the ventrolat-
eral edge of the dorsolateral lamina of the anterior process of



28 SOCIETY OF VERTEBRATE PALEONTOLOGY, MEMOIR 10

FIGURE 6. Skull and lower jaw of the holotype (UA 8679) of Simosuchus clarki in posterior view. A, photograph; B, interpretive drawing. The
lower jaw is shown in a partially depressed position. See Appendix 1 for anatomical abbreviations.

the pterygoid, posterolaterally by the anteromedial edge of the
transverse process of the pterygoid, laterally by the medial edge
of the descending process of the ectopterygoid, and anterolater-
ally by the central portion of the posterior edge of the palatal
process of the maxilla.

Otic Apertures—The otic apertures (Fig. 4) are subelliptical
in shape, measuring ∼14 mm along their long axes in UA 8679.
Each aperture is formed in large part by the semilunar otic in-
cisure of the quadrate; this forms the anterodorsal, anterior, an-
teroventral, ventral, and posteroventral margins of the aperture.
The remainder of the aperture is formed by the anteroventrally
concave anterior margin of the posterior descending lamina of
the squamosal.

Supratemporal Fenestrae—The supratemporal fenestrae
(Fig. 2) are relatively large, measuring ∼28 mm in maximum
length and ∼20 mm in maximum width. They are subtrapezoidal
in shape (their corners slightly rounded), with both their lateral

and medial margins oriented approximately parallel to the
longitudinal axis of the skull. The longer lateral margin of each
fenestra, which is formed anteriorly by the dorsomedial edge
of the posterior process of the postorbital and posteriorly by
the dorsomedial edge of the anterior process of the squamosal,
lies slightly ventral to the shorter medial margin, which is
formed entirely by the central portion of the lateral edge of
the dorsal lamina of the parietal. Thus, the anterior margin of
each supratemporal fenestra angles not only anterolaterally, but
also slightly ventrally. Similarly, the posterior margin angles not
only posterolaterally, but slightly ventrally as well. The anterior
margin of each fenestra is formed medially by the anterior-most
part of the dorsolateral edge of the parietal, centrally by the
lateral portion of the posterior edge of the dorsal lamina of the
frontal, and laterally by the posterodorsal edge of the anterome-
dial process of the postorbital. The posterior margin is formed
medially by the posterior portion of the dorsolateral edge of the
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FIGURE 6. Continued.

parietal and laterally by the anterodorsal edge of the medial
process of the squamosal.

Supratemporal Fossae—The supratemporal fossae (Fig. 2) ex-
tend ventrally from the margins of the supratemporal fenestrae.
The medial wall of each fossa is formed entirely by the parietal,
dorsally by the lateral surface of its dorsal lamina, and ventrally
by the lateral surface of the ipsilateral descending process. The
anterior wall is formed medially by the dorsolateral surface of
the anterior portion of the descending process of the parietal and
laterally by the posteromedial surface of the anteromedial pro-
cess of the postorbital. Immediately dorsomedial to the postor-
bitoparietal suture, the posterior surface of the dorsal lamina of
the frontal also contributes slightly to the anterior wall of the
fossa. The lateral wall of each fossa is formed anteriorly by the
medial surface of the posterior process of the postorbital and
posteriorly by the medial surface of the anterior process of the
squamosal. Finally, the posterior wall is formed laterally by the
anterodorsal surface of the medial process of the squamosal and
medially by the dorsolateral surface of the posterior portion of
the descending process of the parietal. In the lower portion of this
posterior part of the supratemporal fossa, immediately ventral
to the parietosquamosal suture, there is a prominent diamond-
shaped gap, formed anteromedially by a triangular emargination
along the posterolateral margin of the descending process of the

parietal, and posterolaterally by the nearly right-angled intersec-
tion between the medial and anterior processes of the squamosal.
Projecting into the medial three-quarters of this gap is the dorso-
medial tip of the quadrate. Immediately lateral to this is a promi-
nent temporo-orbital foramen.

Positioned within each supratemporal fossa are two supratem-
poral ossifications, one anterior and one posterior. The morphol-
ogy of these ossifications, which are interpreted as osteoderms
that were positioned horizontally directly above the supratempo-
ral fossae in life, is described below.

Infratemporal Fenestrae—The infratemporal fenestrae (Figs.
2–4) are subtriangular in shape in lateral view, their three cor-
ners being somewhat rounded. Each is bounded predominantly
by the posterior margin of the ascending process of the jugal an-
teriorly, the anteroventral margin of the ascending process of the
quadratojugal posterodorsally, and the dorsal margin of the pos-
terior process of the jugal ventrally. However, the dorsal edge
of the proximal part of the anterior process of the quadrato-
jugal contributes slightly to the posterior-most part of the ven-
tral margin of the fenestra. In contrast to the condition exhib-
ited by most mesoeucrocodylians, the postorbital does not con-
tribute to the margins of the infratemporal fenestra in Simo-
suchus clarki. The infratemporal fenestrae are very small in size,
measuring ∼7 mm in width across their bases, and are oriented



30 SOCIETY OF VERTEBRATE PALEONTOLOGY, MEMOIR 10

such that they face primarily laterally, but somewhat dorsally as
well.

The extraordinarily small relative size of the infratemporal
fenestra in S. clarki—approximately one-fifth the diameter of
the orbital fenestra—is unique among basal mesoeucrocodylians.
Within Notosuchia, this condition is most closely approximated
by Anatosuchus minor; however, even in this taxon, the antero-
posterior length of the infratemporal fenestra is more than one-
third the diameter of the orbital fenestra (Sereno and Larsson,
2009:table 3).

Posttemporal Fenestrae—The posttemporal fenestrae (Fig. 6)
exist as narrow, slit-like grooves between the temporal and oc-
cipital portions of the skull. Specifically, each is centered where
the supraoccipital-otoccipital suture intersects with the posterior
surface of the medial process of the squamosal. The posttemporal
fenestrae are angled strongly from dorsomedial to ventrolateral
and measure ∼8.5 mm along their long axes, but only 1–2 mm
across their minor axes.

Foramen Magnum—The foramen magnum (Figs. 3, 6) is ori-
ented posteroventrally (but see ‘Conventions Adopted Regard-
ing Directional Anatomical Nomenclature’ [above] and ‘Habit-
ual Head Posture’ [below]) and is nearly circular in shape, having
a maximum width of 10.8 mm and a maximum height of 9.3 mm.
It is bordered ventrally by the posterodorsal margin of the ba-
sioccipital, whereas the remainder of its circumference is formed
entirely by the central margins of the otoccipital; as in other
mesoeucrocodylians, the supraoccipital is excluded from the fora-
men magnum by a narrow bridge of bone connecting the left
and right halves of the otoccipital. From this narrow portion of
the otoccipital, a well-developed crest projects posteroventrally
to overhang the dorsal margin of the foramen magnum.

External Mandibular Fenestrae—The external mandibular
fenestrae (Figs. 4, 5) are relatively large and roughly amygdaloid
in shape. They are bordered ventrally by the dorsolateral margin
of the angular, anterodorsally by the posteroventral margin of
the posterodorsal process of the dentary, and posterodorsally by
the ventrolateral margin of the surangular ramus. Each is angled
slightly (from anteroventral to posterodorsal) such that its long
axis is tilted ∼10◦ relative to the horizontally oriented ventral
margin of the angular. The external mandibular fenestrae mea-
sure ∼23 mm along their major axes and ∼11 mm across their
minor axes.

Mandibular Adductor Fossae—The mandibular adductor fos-
sae are relatively large, having accommodated a considerable
volumetric proportion of the M. adductor mandibulae complex.
Each is bounded dorsally by the dorsomedial margin of the suran-
gular ramus, anteriorly by the posterior margin of the medial
lamina of the splenial, and ventrally by the elevated dorsomedial
margin of the angular ramus. The posterior boundary of the fossa
is less well defined, but corresponds approximately to a trans-
verse plane passing vertically through the posterior apex of the
external mandibular fenestra and the anterior terminus of the
anterior process of the articular. From the slightly curved sur-
face described by these boundaries, the fossa extends laterally to
a similarly curved surface described by the boundaries of the ex-
ternal mandibular fenestra.

Bones of the Dermatocranium

Premaxillae—The paired premaxillae (Figs. 1A–E, 2–5) are
extraordinarily well preserved and complete in the holotype (UA
8679) of Simosuchus clarki, but badly damaged in both FMNH
PR 2596 and FMNH PR 2597. They are very broad and form
nearly the entire anterior surface of the snout, as well as the
anterior-most part of the central portion of the bony palate.
They also form the anteromedial, anteroventral, and posterolat-
eral margins of the anterolaterally directed external narial fen-
estrae. Each premaxilla bears four distinct processes: an alveolar

process, a palatal process, a dorsomedial process, and a dorsolat-
eral process.

Uniquely among crocodylomorphs, the ventrally directed alve-
olar process of the premaxilla is oriented transversely and re-
stricted entirely to the anterior surface of the rostrum in Simo-
suchus clarki. It consists of two nearly parallel laminae of bone,
one anterior (labial) and one posterior (lingual) (Fig. 7A–E). Po-
sitioned between these two laminae are five alveoli to accommo-
date the premaxillary teeth (Fig. 8E, F). These alveoli are com-
plete only dorsally, however; ventrally, the mesial (medial) and
distal (lateral) walls of the alveoli are lost, and thus the lower por-
tions of the roots of the premaxillary teeth are contained within
a common alveolar groove, which is only partially subdivided
by moderately developed interdental ridges that project into the
groove from both the posterior surface of the anterior lamina and
the anterior surface of the posterior lamina. This arrangement is
unique to Simosuchus among crocodyliforms. Due to the great
height of the roots of the premaxillary teeth, the alveolar process
is extraordinarily tall, extending dorsally to a level approaching
that of the ventral margin of the external narial fenestra (Fig. 7C);
this prodigious dorsoventral expansion of the alveolar process
of the premaxilla represents an autapomorphy of Simosuchus
clarki.

The external surface of the anterior lamina of the alveolar pro-
cess consists entirely of smooth, unsculptured bone. It is anteri-
orly convex in both lateral and dorsal views, but only very slightly
so; thus, these subtle convexities do not contribute significantly
to the overall shape of the snout, which appears subrectangular
(with slightly rounded corners) in dorsal and ventral views and
essentially flat in lateral view (Figs. 2–4). In anterior view, the
ventral margin of the anterior lamina of the alveolar process is
heavily scalloped, with a prominent semilunar emargination as-
sociated with each individual tooth (Fig. 5). The ventral margin
of the posterior lamina of the alveolar process is also scalloped
in appearance, but in a rather different way. No prominent, dor-
sally directed emarginations are seen in posterior view as they
are in anterior view, but heavy, anteriorly directed scalloping is
clearly evident in ventral view (Fig. 3). This is due to the fact
that, in contrast to the condition seen along the anterior lamina,
where the bone adjacent to each interdental ridge is thickened,
the opposite occurs along the posterior lamina, with the bone ad-
jacent to each interdental ridge becoming thinner than the bone
directly posterior to the teeth themselves. Thus, the posterior
lamina of the alveolar process more closely follows the tubular
shapes of the roots of the premaxillary teeth than does the ante-
rior lamina. The distinct scalloping present along the free margins
of both the anterior and posterior laminae of the alveolar process
of the premaxilla is unique to Simosuchus among basal mesoeu-
crocodylians.

The alveolar process extends the entire width of the premaxilla
(Figs. 3, 5). At the anterior midline, the medial edge of the alve-
olar process contacts that of the contralateral premaxilla in a rel-
atively straight and vertically oriented interpremaxillary suture.
At its lateral end, the alveolar process of the premaxilla meets
the anteromedial edge of the alveolar process of the maxilla in a
similarly straight and nearly vertical premaxillomaxillary suture.

Extending posteriorly from the alveolar process is the palatal
process of the premaxilla (Fig. 3). It consists of distinct dorsal and
ventral laminae, with the latter being significantly thicker than
the former. Intervening between these two laminae is a pneuma-
tized space containing numerous bony trabeculae (Figs. 7B, C,
8F, 9A). The palatal process is relatively small in size, forming
well less than one-quarter of the total area of the ipsilateral half
of the bony palate, but is somewhat complex in its overall shape
(Fig. 3). Its medial edge is relatively straight, contacting that of its
contralateral partner at the palatal midline, thereby forming the
ventral-most portion of the interpremaxillary suture. However,
its lateral edge is angled from anterolateral to posteromedial.
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FIGURE 7. Serial sagittal slices through the skull and lower jaw of the holotype (UA 8679) of Simosuchus clarki obtained via HRXCT scanning.
The position of each sagittal slice (A–E) along the horizontal axis of the skull is indicated on the three-dimensional HRXCT reconstruction in the
upper left panel. A, Sag 431; B, Sag 456; C, Sag 505; D, Sag 568; E, Sag 633. (Individual slices numbered according to their respective positions along a
left-to-right transverse axis passing through the sagittally resliced HRXCT data set, which consisted of 886 total slices.) Note: Due to slight distortion
of the lower jaw in this specimen, the mandibular symphysis is displaced slightly to the right of the median sagittal plane of the skull. See Appendix 1
for anatomical abbreviations.

Thus, as the process extends posteriorly, it narrows significantly.
Posteromedially, the palatal process of the premaxilla contacts
the anterolateral edge of the palatal process of the vomer, form-
ing a somewhat jagged and irregular suture that is angled strongly
from anteromedial to posterolateral. In contrast, the posterolat-
eral part of the palatal process of the premaxilla does not reach
the vomer; rather, it simply terminates by underlapping the an-
teromedial edge of the palatal process of the maxilla.

As the ventral lamina of the palatal process of the premaxilla
extends posteriorly from its junction with the posterior lamina
of the alveolar process, it mirrors the latter by curving strongly
ventrally (Fig. 7B, C). As a result, a prominent, transversely ori-
ented, ventrally concave trough is formed at the anterior edge of
the bony palate (Fig. 3). This premaxillary portion of the ante-
rior palatal trough serves to receive the three most medial teeth
on the transversely oriented anterior portion of the dentary. In
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FIGURE 8. Serial frontal (horizontal) slices through the skull and lower jaw of the holotype (UA 8679) of Simosuchus clarki obtained via HRXCT
scanning. The position of each frontal slice (A–I) along the vertical axis of the skull is indicated on the three-dimensional HRXCT reconstruction in
the upper left panel. A, Fro 56; B, Fro 85; C, Fro 125; D, Fro 170; E, Fro 200; F, Fro 252; G, Fro 330; H, Fro 389; I, Fro 444. (Individual slices numbered
according to their respective positions along a dorsoventral axis passing through the horizontally resliced HRXCT data set, which consisted of 623
total slices.) See Appendix 1 for anatomical abbreviations.
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FIGURE 8. Continued.

addition, in the center of the roof of this trough is an even deeper
fossa straddling the interpremaxillary suture; this is the incisive
fossa, which contains at its apex a prominent incisive foramen
(Figs. 3, 7A, 8F). The well-developed anterior palatal trough of
Simosuchus clarki represents an autapomorphy of this taxon. In
contrast, however, the position of the incisive foramen—directly
abutting the alveolar process of the premaxilla—resembles
that seen in numerous other notosuchians (e.g., Marilia-
suchus, Chimaerasuchus, Sphagesaurus huenei, Hamadasuchus,
Montealtosuchus).

The dorsomedial process (internarial process sensu Iordansky,
1973; ascending process sensu Buckley et al., 2000) of the pre-
maxilla consists of distinct anterior, posterolateral, and medial
laminae (Figs. 7B, 8C, D). The anterior lamina of the dorsome-
dial process essentially represents a continuation of that of the
alveolar process, extending dorsally and slightly anteriorly from
the medial half of the latter. It tapers gradually toward the mid-
line as it extends dorsally, thus giving it the approximate shape

of a right triangle in anterior view, with the hypotenuse of the
triangle forming the anteromedial margin of the external narial
fenestra (Fig. 5). However, the dorsal angle of this triangle is
squared off slightly because the dorsomedial process terminates
rather abruptly once it rises slightly above the dorsal surface of
the posterolaterally adjacent nasal. The posterolateral lamina of
the dorsomedial process represents a continuation of the ante-
rior portion of the dorsal lamina of the palatal process. It curves
anteriorly and dorsally to meet the anterior lamina of the dorso-
medial process. Where the two laminae intersect laterally, they
form a sharp crest along the anteromedial margin of the exter-
nal narial fenestra (Figs. 2, 4). Finally, the medial lamina of the
dorsomedial process runs between the medial ends of the ante-
rior and posterolateral laminae, thereby connecting the two. It is
vertically oriented and perfectly flat. The medial laminae of the
left and right premaxillae directly abut one another at the mid-
line. Intervening between the anterior, posterolateral, and me-
dial laminae is a pneumatized space containing numerous bony
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FIGURE 9. Serial transverse slices through the skull and lower jaw of the holotype (UA 8679) of Simosuchus clarki obtained via HRXCT scanning.
The position of each transverse slice (A–O) along the longitudinal axis of the skull is indicated on the three-dimensional HRXCT reconstruction in
the upper left panel. A, Tra 137; B, Tra 177; C, Tra 268; D, Tra 352; E, Tra 396; F, Tra 428; G, Tra 499; H, Tra 616; I, Tra 643; J, Tra 669; K, Tra 698; L,
Tra 748; M, Tra 774; N, Tra 800; O, Tra 830. (Individual slices numbered according to their respective positions along an anteroposterior axis passing
through the original transversely sliced HRXCT data set, which consisted of 999 total slices.) The asterisk in F represents the inferred position of the
cartilago transiliens. See Appendix 1 for anatomical abbreviations.
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FIGURE 9. Continued.
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trabeculae (Figs. 7B, 8C, D). This space is continuous with that
which lies between the dorsal and ventral laminae of the palatal
process.

Viewed from above, the slightly flattened dorsal terminus of
the dorsomedial process is fully exposed and has the shape of
a right triangle, with its hypotenuse angled posteromedially to-
ward the midline (Fig. 2). This fits into a complementarily shaped
emargination of the anteromedial corner of the nasal. Thus, the
dorsomedial processes of the premaxillae separate the anterior-
most tips of the nasals from one another (Figs. 2, 5, 8C, 10). These
conditions represent autapomorphies of Simosuchus clarki.

Extending posteriorly, dorsally, and very slightly laterally from
the lateral half of the alveolar process is the dorsolateral process
(posterior process sensu Mook, 1921b; ascending process sensu
Iordansky, 1973; posterolateral process sensu Turner, 2006; pos-
terodorsal process sensu Pol and Apesteguı́a, 2005, and Zaher
et al., 2006) of the premaxilla (Figs. 2, 4, 5, 11). At its dorsal-
most extent, it articulates posterolaterally with the anterodorsal
edge of the ascending process of the maxilla, posteromedially
with the lateral edge of the nasal, and directly posteriorly with
the anterior-most tip of the anterior process of the facial lam-
ina of the lacrimal (Figs. 2, 4, 5). Further ventrally, it establishes
a relatively broad lateral contact with the anteromedial edge of
the ascending process of the maxilla. In dorsal view, the dorso-
lateral process can be seen to be strongly triangular in frontal
section, with its anterodorsally directed apex forming a promi-
nent crest along the posterolateral margin of the external nar-
ial fenestra, thereby mirroring the well-developed anteromedial
narial crest formed at the junction of the anterior and posterolat-
eral laminae of the dorsomedial process (Fig. 2). Lateral to this
crest, the dorsolateral process is distinctly concave anterolater-
ally. This concavity extends laterally to the level of the premaxil-
lomaxillary suture and forms the medial half of a relatively large
perinarial fossa, which contains a prominent foramen just dor-
sal to its ventral margin (i.e., where the dorsolateral and alveolar
processes of the premaxilla meet) (Figs. 2, 4, 5, 11). Given that
this foramen is centered on the premaxillomaxillary suture, it is
likely homologous to those foramina straddling this same suture
in most other notosuchian taxa; thus, it is likely not homologous
to those foramina present within the smaller perinarial fossae of
Mariliasuchus, Notosuchus, Baurusuchus, Mahajangasuchus, and
Hamadasuchus. Like the palatal and dorsomedial processes, the
dorsolateral process of the premaxilla is heavily pneumatized and
contains numerous bony trabeculae (Figs. 7D, 8C, D, 9A, B).

The contact between the dorsolateral process of the premax-
illa and the anterior process of the facial lamina of the lacrimal is
unique to Simosuchus clarki among crocodylomorphs. This char-
acter state is clearly correlated with the great reduction in the
length of the rostrum in Simosuchus.

Maxillae—The maxillae (Figs. 1A–E, 2–5) form nearly the en-
tire lateral surface of the snout, as well as a large portion of the
bony palate. Each bears three distinct processes: an alveolar pro-
cess, a palatal process, and an ascending process.

The ventrally directed alveolar process of the maxilla consists
of two nearly parallel laminae of bone, one lateral (labial) and
one medial (lingual) (Figs. 8E, F, 9A–C). Contained between
these two laminae are 11 alveoli to accommodate the maxillary
teeth. Like those in the premaxilla, the alveoli within the maxilla
are complete only dorsally; ventrally, their mesial and distal
walls are lost. Consequently, the lower portions of the roots
of the maxillary teeth, like those of the premaxillary teeth,
are contained together within a common alveolar groove (Fig.
9A–C). This groove is partially subdivided by interdental ridges,
but these ridges are relatively weakly developed, especially
throughout the posterior portion of the groove, where they are
almost completely absent from the lateral surface of the medial
lamina of the process (Fig. 8F). The alveolar groove is shallowest
posteriorly, reflecting the relative shortness of the roots of the
posterior maxillary teeth; anteriorly, it is significantly deeper

to accommodate the much taller roots of the anterior-most
maxillary teeth (Fig. 12).

As in all other non-baurusuchid ziphosuchians (sensu Turner
and Sertich, this volume), the external surface of the alveolar pro-
cess of the maxilla consists of smooth, unsculptured bone (Figs.
2, 4, 5, 11). However, it is perforated by numerous neurovascular
foramina, which are particularly abundant anteriorly. It is later-
ally convex in both dorsal and anterior views (Figs. 2, 5). These
convexities, although slightly greater in magnitude than those
seen along the alveolar process of the premaxilla, are neverthe-
less relatively subtle, and serve in general only to gently round
the margins of the otherwise blunt and nearly rectangular snout.
In anterolateral view (Fig. 11), the ventral margin of the lateral
lamina of the alveolar process can be seen to be distinctly scal-
loped, in a manner similar to that described above for the anterior
lamina of the alveolar process of the premaxilla. (And as for
that seen along the latter, this scalloping of the alveolar process
of the maxilla represents an autapomorphic character state for
Simosuchus clarki.) However, this scalloping is associated only
with the anterior seven maxillary teeth; posterior to the seventh
alveolus, the ventrolateral margin of the maxilla is nearly straight
(Fig. 4). There are no significant thickenings of the medial lamina
of the alveolar process adjacent to the lingual sides of the max-
illary teeth, and thus no scalloping is seen in ventral view, as it
is along the posterior lamina of the premaxillary alveolar process
(Fig. 3).

Anteromedially, the alveolar process of the maxilla broadly
contacts the alveolar process of the ipsilateral premaxilla, thereby
establishing the anterior-most portion of the premaxillomaxillary
suture (Figs. 2–5, 11). Posteriorly, it tapers abruptly behind the
11th alveolus to terminate in a narrow, posteriorly directed pro-
jection that is embraced between the ventromedial edge of the
anterior terminus of the anterior process of the jugal, the ventro-
lateral edge of the ventral portion of the descending process of
the lacrimal, and the dorsolateral edge of the anterior portion
of the posterior process of the ectopterygoid (Fig. 9E). Along
most of its length, the alveolar process of the maxilla is oriented
nearly parallel to the longitudinal axis of the skull. At its anterior
end, however, it curves medially toward the lateral border of the
alveolar process of the premaxilla (Figs. 2–5). Consequently, the
major axes of the two anterior-most maxillary tooth crowns are
oriented more or less transversely, whereas the more posteriorly
positioned tooth crowns are oriented nearly longitudinally.

Extending medially from the alveolar process is the palatal
process of the maxilla. It is significantly larger than the palatal
process of the premaxilla, forming most of the bony palate
(Fig. 3). It exhibits a prominent anterolaterally oriented ven-
tral convexity—most pronounced posteromedially and somewhat
less distinct anterolaterally—which is not known to be present
in any other crocodylomorph. The palatal process of the max-
illa, like that of the premaxilla, exhibits distinct dorsal and
ventral laminae and, also as in the premaxilla, the intervening
space is pneumatized, although to a somewhat lesser degree; this
pneumatization is most extensive posteromedially (Figs. 7C–E,
8F, G, 9A–C).

The palatal processes of the left and right maxillae do not
meet at the ventral midline; rather, they are separated by other
bones along their entire lengths (Fig. 3). Anteriorly, their me-
dial edges terminate dorsal to the lateral two-thirds of the palatal
processes of the premaxillae (Fig. 9A). Near the anteroposterior
center of the bony palate, they are separated by the palatal pro-
cesses of the vomers, which they dorsally overlap anteriorly (Fig.
9B) and laterally abut posteriorly. Posteriorly, the medial mar-
gins of the palatal processes terminate by abutting the ventro-
lateral edges of the ventral lamina of the anterior process of the
pterygoid (Figs. 8G, 9C). As noted originally by Buckley et al.
(2000), the lack of contact between the palatal processes of the
left and right maxillae in Simosuchus represents a unique condi-
tion among crocodyliforms.
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FIGURE 10. Ventral cutaway views through a three-dimensional digital reconstruction of the skull of the holotype (UA 8679) of Simosuchus clarki
generated from HRXCT scans, as seen from frontal planes passing through the center of the antorbital fenestrae (A) and lacrimal canals (B). In
this reconstruction, remaining matrix has been removed digitally so as to provide unobstructed views of unprepared internal regions of the skull. See
Appendix 1 for anatomical abbreviations.

FIGURE 11. Photograph of the skull of the holotype (UA 8679) of Simosuchus clarki in left anterolateral (and slightly dorsal) view. See Appendix
1 for anatomical abbreviations.
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FIGURE 12. Medial cutaway view through a three-dimensional digital
reconstruction of the skull and lower jaw of the holotype (UA 8679)
of Simosuchus clarki generated from HRXCT scans, as seen from a
parasagittal plane passing through the right lacrimal canal. In this recon-
struction, remaining matrix has been removed digitally so as to provide
an unobstructed view of unprepared internal regions of the head skele-
ton. See Appendix 1 for anatomical abbreviations.

Anteriorly, there is a prominent anterolaterally concave
emargination of the palatal process of the maxilla, immediately
posterior to the anterior part of the palatal portion of the
premaxillomaxillary suture. This notch, closed off anterolaterally
by the medial lamina of the alveolar processes of the maxilla,
contributes to the formation of a relatively large anterior palatal
foramen (Fig. 3), which lies directly dorsal to the fifth dentary
tooth, and directly ventral to the foramen contained within the
perinarial fossa described above. The anterior palatal foramen
is positioned in the anterolateral corner of a subtriangular,
dorsally elaborated region of the lateral-most part of the an-
terior palatal trough, termed here the anterior palatal fossa.
Although projecting further dorsally than medially adjacent (i.e.,
premaxillary) portions of the anterior palatal trough, the paired
(left and right) anterior palatal fossae are not as deep as is the
unpaired, centrally placed incisive fossa. Simosuchus clarki is
unique among crocodyliforms in possessing these prominent
anterior palatal fossae.

Posteriorly, the lateral portion of the palatal process of the
maxilla contacts the anterior margin of the body of the ectoptery-
goid, whereas the medial portion contacts both the anterior and
lateral margins of the palatal process of the palatine. Between
these articulations is a narrow zone of exposure of the free pos-
terior margin of the process, which thus contributes to the lateral
portion of the anterior border of the suborbital fenestra (Fig. 3).

Where the palatal and alveolar processes of the maxilla meet, a
longitudinally oriented, ventrally concave trough is formed along
the lateral margin of the bony palate (Fig. 3). This lateral palatal
trough is continuous with the transversely oriented one along the
anterior border of the palate and serves to accommodate the pos-
terior dentary teeth when the mouth is closed. However, it is sig-
nificantly shallower than the anterior palatal trough, a reflection
of the relative shortness of the posterior dentary teeth relative
to the anterior ones. Like the anterior palatal trough, the lateral
palatal trough is a feature that appears to be unique to S. clarki
among crocodyliforms.

Piercing the medial wall of the lateral palatal trough are sev-
eral palatal foramina (Fig. 3). Although all of these are sig-
nificantly smaller than the anterior palatal foramen described
above, three are particularly prominent: one directed anterome-
dially, positioned ∼13 mm medial to the posterior edge of the
fourth maxillary alveolus; another directed anterolaterally, lo-
cated ∼13 mm medial to the interdental ridge separating the

sixth and seventh maxillary alveoli; and a posteriorly positioned
one, directed anteriorly, located immediately anterior to the su-
ture between the anterior edge of the body of the ectoptery-
goid and the posterior edge of the maxillary palatal process. All
of these palatal foramina ultimately communicate with the dor-
sal alveolar neurovascular canal, and thus they likely transmit-
ted mucosal branches of the dorsal alveolar nerve, artery, and
vein.

Extending dorsally and medially from the alveolar process is
the ascending (facial) process of the maxilla (Figs. 2, 4, 5, 11).
It is perforated externally near its base by several neurovascular
foramina, but it is predominantly smooth along most of its outer
surface. However, some light sculpturing is present at its dorsal
margin where it overlaps the dorsolateral surface of the anterior
process of the facial lamina of the lacrimal. The posterior margin
of the ascending process sweeps ventrally and posteriorly to meet
the posterior-most portion of the alveolar process. This produces
a posterodorsally concave emargination of the maxilla that serves
as the anteroventral border of the antorbital fenestra (Figs. 2, 4,
11). The anterior margin of the ascending process curves strongly
medially, presenting a relatively broad area of contact for articu-
lation with the posterolateral surface of the dorsolateral process
of the premaxilla, thereby forming the dorsal portion of the pre-
maxillomaxillary suture (Figs. 2, 4, 5, 11). The lower part of this
anteromedially curving portion of the process forms the lateral
half of the perinarial fossa (the medial half being formed by the
adjacent anterolateral surface of the dorsolateral process of the
premaxilla).

Uniquely among crocodylomorphs, the ascending process of
the maxilla does not contact the nasal in S. clarki; rather, it is
separated from the latter by the extensive anterior process of the
facial lamina of the lacrimal.

Nasals—The paired nasals (Figs. 1A, C, D, 2, 4, 5, 11) are
relatively broad, extending as far laterally as the posterolateral
corners of the widely spaced, anterolaterally directed external
narial fenestrae. They are relatively flat and exhibit a moderate
degree of sculpturing along their dorsal surfaces. The two nasals
meet at the midline along most of their lengths in a long and rela-
tively straight internasal suture. At their anterior ends, however,
the medial margins of the nasals diverge from one another to ac-
commodate the wedge-shaped dorsal termini of the dorsomedial
processes of the premaxillae (Figs. 2, 5, 8C, 10, 11); this represents
a unique condition among known mesoeucrocodylians. Postero-
medially, the nasals contact the anterior margin of the dorsal
lamina of the anterior process of the frontal, slightly overlapping
the latter for a short distance, thereby forming a relatively short
scarf joint (Fig. 7A, B). Both in frontal HRXCT slices (Fig. 8A)
and in ventral views of the dermal skull roof generated from
3-D HRXCT reconstructions (Fig. 10), this nasofrontal suture
can be seen to be posteriorly concave. However, in dorsal view
(Fig. 2), the suture is so tightly closed that it is somewhat difficult
to visualize macroscopically; this likely accounts for the slight
misinterpretation of the shape and position of the nasofrontal
suture in the original description of Simosuchus clarki (see
Buckley et al., 2000:fig. 1b), which was published before UA
8679 had been HRXCT scanned. Posterolaterally, each nasal
contacts the anteromedial margin of the dorsal lamina of the
prefrontal (Figs. 2, 5). Laterally, extensive contact is made with
the dorsomedial margin of the facial lamina of the lacrimal (Figs.
2, 4, 5, 8B, 10). This contact extends anteriorly almost to the
posterolateral corner of the external narial fenestra, where the
dorsolateral process of the premaxilla contacts the lateral margin
of the nasal (Figs. 2, 4, 5, 9B, 10A). From this point anteriorly,
the lateral margin of the nasal angles strongly toward the mid-
line, where it meets the posterolateral edge of the dorsomedial
process of the premaxilla (Figs. 2, 5, 10, 11). This anterolateral
margin of the nasal forms the dorsal border of the external narial
fenestra.
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FIGURE 13. Photograph of the anterior wall of the right orbit of the holotype (UA 8679) of Simosuchus clarki in oblique posterodorsolateral view.
See Appendix 1 for anatomical abbreviations.

Lacrimals—The lacrimals (Figs. 1A, C, D, 2–5, 11, 13) are rel-
atively large and contribute significantly to the preorbital portion
of the dermatocranium. Each lacrimal consists of a dorsolaterally
oriented facial lamina and a posteriorly oriented orbital lamina.
The left lacrimal of UA 8679 is broken in several places and both
lacrimals are relatively poorly preserved in both FMNH PR 2596
and FMNH PR 2597. Thus, the following description is based pri-
marily on the right lacrimal of UA 8679.

The facial lamina of the lacrimal (Figs. 2, 4, 5, 11, 13) forms
nearly the entire lateral surface and much of the dorsolateral
surface of the face in the region immediately anterior to the or-
bit. It consists of a relatively large anterior process and a much
smaller descending process. The anterior process is shaped much
like a relatively long isosceles triangle with an anteriorly directed
apex. Its base is posteriorly concave and forms the anterior mar-
gin of the orbital fenestra. Its ventrolateral edge curves slightly
dorsomedially as it sweeps anteriorly toward its apex. The pos-
terior half of this ventrolateral edge is exposed in lateral view
and forms the anterior half of the posterodorsal margin of the
antorbital fenestra (Figs. 2, 4, 11, 13), whereas the anterior half
passes medial to the ascending process of the maxilla; it is thus

hidden in lateral view and can only be visualized through the
use of X-ray computed tomography (Figs. 8B, C, 9C, 10A). Like
the ventrolateral edge, the dorsomedial edge of the anterior pro-
cess also curves slightly dorsomedially as it extends anteriorly to-
ward the apex, although it again curves slightly ventrolaterally
near the apex itself. The posterior half of this dorsomedial edge
is in sutural contact with the lateral margin of the dorsal lamina
of the prefrontal, whereas its anterior half is in sutural contact
with the lateral margin of the nasal (Figs. 2, 5). Although con-
tact between the lacrimal and nasal is relatively common among
mesoeucrocodylians—including nearly all ziphosuchians (sensu
Turner and Sertich, this volume)—this contact is particularly ex-
tensive in Simosuchus. The apex of the anterior process of the
facial lamina of the lacrimal terminates several millimeters pos-
terior to the posterolateral corner of the external narial fenes-
tra, where it is embraced medially by the anterolateral corner of
the nasal, laterally by the anterodorsal corner of the ascending
process of the maxilla, and anterolaterally by the posterodorsal
terminus of the dorsolateral process of the premaxilla (Figs. 2,
4, 5, 10A). The anterior process of the facial lamina is slightly
convex dorsolaterally and exhibits light to moderate sculpturing



40 SOCIETY OF VERTEBRATE PALEONTOLOGY, MEMOIR 10

along most of its external surface. One particularly heavy patch
of surface sculpturing is present, however, at the extreme pos-
teromedial corner of the facial lamina; this represents the most
anterolateral portion of the preorbital crest, which continues pos-
teromedially across the dorsal laminae of both the prefrontal and
the frontal.

The descending process of the facial lamina of the lacrimal es-
sentially represents a continuation and elaboration of the pos-
teroventral corner of the anterior process. It extends ventrally,
posteriorly, and slightly laterally to contact the anterodorsal edge
of the anterior process of the jugal, just posterior to where the
latter tapers to a blunt point (Figs. 2, 4, 5, 11, 13). In doing so, it
forms a preorbital bar separating the ipsilateral orbital and antor-
bital fenestrae. More specifically, its posterodorsal edge forms the
anteroventral margin of the orbital fenestra, and its anteroven-
tral edge forms the posterior half of the posterodorsal margin of
the antorbital fenestra. The descending process is relatively nar-
row in lateral view (i.e., anteroposteriorly) and exhibits only light
sculpturing along its external surface.

The orbital lamina of the lacrimal (Figs. 2–4, 10A, 12, 13) forms
the anterior and anteroventral walls of the orbit. It is predomi-
nantly posteriorly concave, thus contributing significantly to the
smoothly rounded contours of the orbit. At its ventral end, how-
ever, where it articulates with the anterior process of the jugal
and the posterior process of the ectopterygoid, it becomes al-
most flat and twists slightly inward to face posteromedially (Fig.
13). The lateral margin of the orbital lamina is continuous with
the posterior margin of the facial lamina, with the two laminae
meeting at an acute angle and thus forming a prominent pos-
terolateral crest along the anterior and anteroventral margins
of the orbital fenestra. Dorsally, this crest is continuous with a
somewhat less prominent one formed at the junction of the or-
bital and dorsal laminae of the prefrontal. Ventrally, it is con-
tinuous with the dorsal crest of the anterior process of the ju-
gal. The free-ending medial margin of the orbital lamina presents
a more complex morphology. Along its dorsal three-fifths, it is
ventromedially concave and approximately sickle-shaped, run-
ning nearly parallel with the lateral margin of the bone. Ven-
tral to this smoothly curving portion, however, the medial mar-
gin of the orbital lamina forms two sharp triangular spines that
project ventrally, medially, and slightly posteriorly (Fig. 13). Be-
tween these two spines a small but sharply delimited dorsolateral
notch is formed. Immediately ventrolateral to this, between the
more ventrolateral of the two spines and the ventromedial cor-
ner of the orbital lamina, a second notch is formed, similar in size
to the first, but oriented more directly laterally. These notches
likely transmitted branches of the maxillary nerve (CN V2), along
with associated vasculature, to supply the upper teeth, gums, and
palate, and appear to represent autapomorphies of Simosuchus
clarki.

The relationships among the orbital lamina of the lacrimal and
its surrounding bones are rather complex. Its dorsomedial edge
broadly contacts the ventrolateral edge of the orbital lamina of
the prefrontal, thereby forming an oblique suture extending from
dorsolateral to ventromedial across the entire width of the an-
terior wall of the orbit (Figs. 4, 13). Its ventral edge meets the
dorsomedial margin of the posterior process of the ectoptery-
goid in a relatively straight suture, but one that angles laterally
and slightly dorsally as it extends posteriorly (Fig. 2). Extending
anterodorsally at an angle of ∼90◦ from the posterior end of this
ventral suture with the ectopterygoid is the ventromedial por-
tion of the jugolacrimal suture (Fig. 2). Here the lateral edge of
the somewhat flattened ventral portion of the orbital lamina con-
tacts the anteroventral edge of the dorsomedial face of the an-
terior process of the jugal. Finally, the anterolateral (i.e., non-
orbital) surface of the ventral portion of the orbital lamina is
strongly buttressed by the posteromedial corner of the maxilla
(Fig. 12).

The lacrimal canal (Figs. 8B, 9D, 10, 12, 13) is contained en-
tirely within the lacrimal bone. The posterior opening of the
canal, located in the extreme dorsolateral corner of the orbital
lamina, is elliptical in shape and measures ∼2 mm across its mi-
nor axis and ∼3 mm along its major axis. The latter is oriented at
an angle of ∼25◦ relative to the median sagittal plane such that it
slants slightly from dorsomedial to ventrolateral. The canal itself
extends anteromedially within the anterior process of the facial
lamina of the lacrimal (thus following the dorsolaterally convex
contours of the latter) for a distance of ∼15 mm before emptying
into the nasal cavity. The anterior opening of the lacrimal canal
lies medially adjacent to the externally visible posterodorsal cor-
ner of the ascending process of the maxilla, with only the outer-
most layer of the anterior process of the facial lamina separating
the two.

The lacrimal is extensively pneumatized (Figs. 7D, E, 8A–F,
9D, E, 10, 12).

Prefrontals—The prefrontals (Figs. 1A–D, 2–5, 10, 11, 13) are
rather extensive, forming a significant portion of the dermal skull
roof directly medial and anteromedial to the orbital fenestrae, as
well as the anterodorsal walls of the orbits themselves. Each pre-
frontal consists of a dorsal lamina and an orbital lamina, with a
prominent descending process (prefrontal pillar) projecting ven-
tromedially from the latter.

The dorsal lamina of the prefrontal is relatively long, extend-
ing from the mid-orbital region anteriorly to a point lying in a
transverse plane coinciding with the anterodorsal apex of the an-
torbital fenestra (Fig. 2). As it extends anteriorly, it also slants
somewhat ventrally, only moderately so along its posterior half,
but more markedly along its anterior half due to the promi-
nent preorbital ventroflexion of the entire rostrum. The dorsal
lamina exhibits moderate to heavy sculpturing across its entire
external surface. This is especially evident adjacent to the an-
terodorsal margin of the orbital fenestra, where the sculptur-
ing is greatly elaborated to form part of a prominent preorbital
crest. This crest continues medially onto the dorsal lamina of
the anterior process of the frontal (at the center of which it be-
comes continuous with its contralateral partner) and anterolat-
erally onto the posterodorsal corner of the facial lamina of the
lacrimal; thus, the left and right halves of this crest together
form a conspicuous, transversely broad, U-shaped ridge that sep-
arates the dorsal surface of the mid-orbital portion of the skull
roof from the flat anterodorsal surface of the rostrum. Although
comparable preorbital crests are not known to be present in any
other basal mesoeucrocodylians, very similar U-shaped crests are
seen in some species of extant caimans (e.g., Caiman crocodilus,
Melanosuchus niger).

The dorsal lamina of the prefrontal is rather complex in both
its shape and its relations to surrounding elements (Fig. 2). Its
posterior border is oriented nearly transversely, extending medi-
ally and very slightly posteriorly from the mid-dorsal part of the
rim of the orbital fenestra toward the lateral edge of the dorsal
lamina of the anterior process of the frontal. Along this course,
it is in sutural contact with the anterior edge of the laterally ex-
panded posterior portion of the dorsal lamina of the frontal. The
medial border of the dorsal lamina of the prefrontal is oriented
approximately longitudinally, although it exhibits a slight medial
concavity where it skirts around the laterally bulging portion of
the dorsal lamina of the frontal in the region of the preorbital
crest. The posterior two-thirds of this medial border is in sutural
contact with the lateral edge of the dorsal lamina of the ante-
rior process of the frontal, with the latter bearing a lateral groove
that receives a corresponding ridge projecting medially from the
former (Fig. 9D–F); the result of this arrangement is a shallow
tongue and groove joint. The anterior one-third of the medial
border, which curves anterolaterally toward the nasolacrimal su-
ture, is in sutural contact with the posterolateral edge of the nasal
(Figs. 2, 5). From its somewhat blunted anterior-most point, the
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dorsal lamina of the prefrontal curves strongly posterolaterally,
where it forms a suture with the posterior half of the dorsomedial
edge of the facial lamina of the lacrimal (Figs. 2, 5). This lateral
border of the dorsal lamina roughly parallels the medial border
along the anterior one-third of the prefrontal. However, slightly
less than 1 cm anterior to the anterodorsal margin of the orbital
fenestra, the prefrontolacrimal suture abruptly changes direction,
extending laterally for a distance of ∼8 mm before once again
changing direction and extending posteriorly for a distance of ∼6
mm, to the rim of the orbital fenestra. This results in the for-
mation of a prominent, subtriangular, laterally projecting shelf,
which is nearly devoid of surface sculpturing, and which is slightly
recessed below the raised, sculptured surface of the anteromedi-
ally adjacent preorbital crest (Figs. 2, 5). This shelf serves as an
articular facet for the anterior palpebral. The remaining posterior
part of the lateral border of the dorsal lamina of the prefrontal is
posterolaterally concave and contributes to the formation of the
anterodorsal margin of the orbital fenestra (Figs. 2, 4, 11, 13).

The orbital lamina of the prefrontal presents a smooth, pos-
teroventrolaterally concave surface that forms the anterodorsal
portion of the orbital wall (Figs. 4, 13). Posterodorsally, it later-
ally overlaps the anterior-most part of the ipsilateral descending
process of the frontal (i.e., the crista cranii frontalis) (Figs. 4, 8B,
9G). This part of the orbital lamina is relatively narrow and ex-
tends posteriorly to the midpoint of the orbit. Here its ventral
half is drawn out posteriorly into a prominent triangular process,
with its apex directed posteriorly. In UA 8679, its dorsal half is
also drawn out posteriorly, producing a V-shaped emargination
along the posterior border of the orbital lamina between these
adjacent dorsal and ventral processes (Figs. 4, 10). However, in
FMNH PR 2597, a distinct dorsal process is absent. Anteroven-
trally, the orbital lamina of the prefrontal widens significantly to
establish a broad suture with the obliquely oriented dorsomedial
edge of the orbital lamina of the lacrimal (Figs. 4, 13).

Extending ventrally and strongly medially from the widened
anteroventral part of the orbital lamina is the descending pro-
cess of the prefrontal (prefrontal pillar) (Figs. 7B, 8D, 9F, 13).
This process is most completely preserved on the right side of the
holotype specimen (UA 8679), where it can be seen to closely ap-
proach the dorsal surface of the anterior process of the pterygoid
near the midline. Although the precise point of contact is not pre-
served in this specimen (or in either FMNH PR 2596 or FMNH
PR 2597), it appears clear that the prefrontal pillar did not con-
tact (or even closely approach) the palatine as it typically does
in most other mesoeucrocodylian taxa. It remains unclear, how-
ever, whether or not the prefrontal pillars actually contacted one
another at the midline, or if they bore medial processes distinct
from those that contact the palate.

The dorsal and orbital laminae of the prefrontal are continu-
ous laterally, where they meet at an acute angle to form the an-
terodorsal margin of the orbital fenestra (Figs. 4, 13). However,
somewhat in contrast to the condition described above for the
lacrimal, a sharp crest is not formed at the junction of the two
laminae; rather, a shallow groove is formed here to accommodate
the thin anteromedial edge of the anterior palpebral.

The dorsal lamina of the prefrontal is extensively pneumatized
along its relatively thick posterior two-thirds (Figs. 7C, 8A, 9F).
Pneumatization is less extensive, however, throughout the thin-
ner orbital lamina and descending process.

Frontal—The frontal (Figs. 1A–D, 2–5, 10, 11, 13, 14) is un-
paired, its left and right halves being fully fused. It is rela-
tively simple in its overall morphology, consisting primarily of
a dorsoventrally thick, horizontally oriented dorsal lamina from
which two thinner, laterally placed descending processes project
ventrally. Anteriorly, the frontal is drawn out into a long, narrow
anterior process (Figs. 2, 5, 8A, 10).

The dorsal lamina of the frontal is relatively broad posteriorly
and heavily sculptured across its entire external surface. In

several areas, this sculpturing is elaborated into low but distinct
bony crests. One longitudinal crest is present along the dorsal
midline, where the left and right halves of the bone have become
fused (Figs. 2, 9H, 13). Two laterally concave supraorbital crests
are present along the posterodorsal margins of the orbits (Figs.
2, 13). Finally, three transverse crests extend across the width of
the frontal: one preorbital (∼7 mm posterior to the anterior edge
of the nasofrontal suture), one mid-orbital (∼5 mm anterior to
the posterior portion of the prefrontofrontal sutures), and one
postorbital (immediately anterior to the frontoparietal suture)
(Figs. 2, 4, 5, 7A–C, 11, 13). As stated above in the description
of the prefrontal, the preorbital crest is a uniquely derived
feature of Simosuchus clarki among basal mesoeucrocodylians;
the similarly prominent mid-orbital crest also represents an
autapomorphy of this taxon. Except at its anterior-most tip,
the dorsal lamina of the frontal is relatively thick, consisting of
well-defined inner (endocranial) and outer (pericranial) layers of
compact bone separated by a dense network of bony trabeculae
(Figs. 7A, B, 9D–I).

The dorsal lamina of the frontal meets that of the parietal in
a posteriorly convex suture (Figs. 2, 8A, 14). Immediately an-
terior to this frontoparietal suture, the posterodorsal margin of
the frontal is raised up into a transversely oriented postorbital
crest that is prominent medially but fades as it extends laterally
(Figs. 2, 7B). Posterolaterally, the frontal abuts the anteromedial
edge of the anteromedial process of the postorbital (Figs. 2, 8A,
B, 14). Between these two articulations, however, a small por-
tion of the posterior edge of the frontal remains free, forming the
central portion of the anterior margin of the supratemporal fen-
estra (Figs. 2, 14). At its anterior end, the dorsal lamina of the
frontal thins dorsoventrally and terminates by underlapping the
posterior edges of the nasals for a short distance, thereby form-
ing a relatively short scarf joint (Fig. 7A, B). In dorsal view, the
nasofrontal suture is anteriorly convex (Figs. 2, 8A). From the
anterior-most part of the dorsal lamina of the frontal, a thin crest
of bone projects dorsally into the posterior-most portion of the
internasal suture. The entire anterior process of the frontal is bor-
dered laterally by the prefrontal (Figs. 2, 10).

The ventrally directed descending processes of the frontal are
well developed throughout the posterior three-fifths of the length
of the bone. The posterior edge of each process contacts the
anteromedial edge of the orbital lamina of the postorbital in a
nearly vertical suture (Fig. 11). Along its posterior half, the ven-
tral margin of the descending process is in broad contact with
the dorsal edge of the anterior two-thirds of the laterosphenoid
(Figs. 4, 11). However, anterior to its articulation with the lat-
erosphenoid, the ventral margin of the descending process termi-
nates freely as a sharp crest, the crista cranii frontalis (Figs. 4, 10,
11). The descending processes taper dorsally rather abruptly an-
terior to the point at which they pass medial to the orbital laminae
of the prefrontals. Thus, the anterior half of the anterior process
of the frontal consists only of a relatively narrow dorsal lamina.

The lateral margin of the posterior half of the frontal is con-
cave anterolaterally (Figs. 2, 10, 11) and the descending pro-
cess is concave ventrolaterally (Figs. 4, 10, 11). These concavities
contribute significantly to the rounded contours of the dorsal por-
tion of the orbit.

Parietal—The parietal (Figs. 1A, C, E, 2, 4, 6, 14) is unpaired
and forms a large proportion of the roof of the braincase. Like the
frontal, it exhibits a relatively simple morphology, consisting of a
horizontally oriented dorsal lamina from which two prominent
descending processes extend ventrolaterally.

The dorsal lamina of the parietal forms the central part
of the cranial table (Figs. 2, 4, 6, 14). Like the dorsal lam-
ina of the frontal, it exhibits distinct inner (endocranial) and
outer (pericranial) layers of compact bone with an intervening
meshwork of bony trabeculae (Figs. 7A, B, 9J–N). However,
it differs from the dorsal lamina of the frontal in that these
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trabeculae are replaced posteroventrally by a large mid-sagittal
sinus (Figs. 7A, 8C, 9M), which communicates with the exten-
sive pneumatized space within the supraoccipital via a pair of
large, laterally placed pneumatic foramina. The dorsal laminae
of the frontal and parietal differ further in their overall robustic-
ity, with the latter being significantly thicker dorsoventrally than
the former, due primarily to a marked thickening of the outer
layer of compact bone (Fig. 7A; compare also Fig. 9H with Fig.
9J). This latter difference notwithstanding, the dorsal lamina of
the parietal exhibits only moderate surface sculpturing, in con-
trast to the more heavily sculptured dorsal lamina of the frontal
(Figs. 2, 14).

Along most of its length, the dorsal lamina of the parietal is
relatively narrow, but it widens abruptly at both its anterior and
posterior ends, giving it an I-shaped appearance in dorsal view
(Figs. 2, 14). Its widened anterior end meets the posterior edge of
the dorsal lamina of the frontal in a relatively broad frontopari-
etal suture that is anteriorly concave both in dorsal view and in
sagittal section (Figs. 2, 7A, B, 8A, 14). Its widened posterior end
exhibits more complex relations, however. Directly posteriorly,
it meets the anterodorsal margin of the supraoccipital in a broad
and largely transversely oriented suture near the posterodorsal
edge of the skull. This suture exhibits a slight posterior concav-
ity in dorsal view (Figs. 2, 14), and is beveled strongly (from an-
teroventral to posterodorsal) in sagittal section, such that the an-
terior part of the supraoccipital slopes beneath the posterior part
of the parietal (Fig. 7A, B). Posterolaterally, the dorsal lamina of
the parietal abuts the medial edge of the medial process of the
squamosal (Figs. 2, 9N, O, 14). Finally, the free concave lateral
edge of the dorsal lamina of the parietal forms the anteromedial,
medial, and posteromedial margins of the supratemporal fenes-
trae, as well as the corresponding surfaces immediately ventral to
these margins along the uppermost portions of the supratemporal
fossae (Figs. 2, 14).

The descending processes of the parietal (cristae cranii pari-
etales), which are laterally concave in dorsal view and laterally
convex in transverse section, form all but the uppermost por-
tions of the medial walls of the supratemporal fossae (Figs. 2, 8C,
9K, 14). They mirror the dorsal lamina in flaring laterally at both
anterior and posterior ends, each ultimately forming an anterior
overlapping contact with the posteromedial corner of the antero-
medial process of the ipsilateral postorbital, and a posterior over-
lapping contact with the dorsomedial corner (i.e., dorsal primary
head) of the ipsilateral quadrate (Fig. 14). In the latter region
of overlap, the posterolateral border of the descending process
of the parietal exhibits a prominent triangular emargination that
exposes a portion of the dorsal primary head of the ipsilateral
quadrate along the posterior portion of the floor of the ipsilat-
eral supratemporal fossa, just medial to the temporo-orbital fora-
men; this represents an autapomorphy of Simosuchus clarki. The
posterior half of the nearly horizontally oriented ventral edge of
the descending process extends anteriorly from the aforemen-
tioned overlapping contact with the dorsomedial portion of the
quadrate up to the anterior border of that bone. Anterior to
this, the ventral edge of the descending process directly abuts
the dorsal edge of the posterolateral lamina of the laterosphenoid
(Figs. 9J, 14).

Squamosals—The squamosals (Figs. 1A–E, 2–6, 11, 14) are tri-
radiate in their general form, with each exhibiting distinct ante-
rior, medial, and posterior processes. In addition, two descending
laminae, one anterior and one posterior, project ventrally from
the three primary processes. The dorsal surfaces of both the an-
terior and medial processes form a continuous dorsal lamina that
makes up the posterolateral portion of the cranial table, bound-
ing much of the posterior and lateral margins of the supratem-
poral fenestrae. The posterior process is markedly deflected both
ventrally and (to a lesser degree) laterally, and projects well be-
yond the posterior-most extent of the occiput and the adjacent

quadrates. Laterally, the anterior and posterior processes over-
hang the otic aperture and all but the lateral half of the distal por-
tion of the body of the quadrate. HRXCT scans of the holotype
specimen (UA 8679) reveal that, like many other dermal roof-
ing bones in Simosuchus, the squamosals are extensively pneu-
matized with an intervening meshwork of bony trabeculae (Figs.
7D, E, 8C–F, 9L–O).

The anterior process of the squamosal is mediolaterally wide,
its smooth medial third contributing to the ventromedially in-
clined lateral floor of the supratemporal fossa (Figs. 2, 14). A
lightly sculptured raised ridge demarcates the boundary between
the smooth surface of the supratemporal fossa and the moder-
ately to heavily sculptured dorsal lamina of the anterior process
(Fig. 2). The dorsal lamina is slightly inclined such that its lateral
margin is elevated dorsally above its medial margin before the
former abruptly angles ventrally, thereby producing a sharp crest
along the dorsolateral edge of the process (Figs. 4–6, 9L, M, 11).
The anterior process extends anteriorly to form a sutural contact
with the posterior process of the postorbital. In dorsal view, this
suture is oriented obliquely along an anterolateral-posteromedial
axis at approximately the anteroposterior midpoint of the
supratemporal fenestra (Figs. 2, 14). Laterally, the posterior pro-
cess of the postorbital broadly overlaps the anterior process of
the squamosal in a strongly beveled contact that extends to the
dorsal plate of the descending process of the postorbital (Figs. 4,
7E). Here the anterior process of the squamosal is underlapped
by the posterior projection of this dorsal plate (Fig. 10A).

Projecting ventrally from the anterior process of the squamosal
is a robust anterior descending lamina, visible medially along the
lateral wall of the supratemporal fossa (Figs. 2, 14), and later-
ally within the external otic recess (Fig. 4). Beginning from the
ventral surface of the anterior process dorsal to the otic aper-
ture, the anterior descending lamina flares anteriorly and ven-
trally to broadly contact the posterior edge of the descending pro-
cess of the postorbital anteriorly and the anterodorsal process of
the quadrate ventrally (Figs. 8D, 9K). Medially, the anterior de-
scending lamina of the squamosal contacts the anterodorsal pro-
cess of the quadrate within the supratemporal fossa, forming a
rather irregular suture (Figs. 2, 14).

The medial process of the squamosal is short, contributing to
the posterior margin of the cranial table, the lateral half of the
posterior margin of the supratemporal fenestra, and the lateral
half of the posterior floor of the supratemporal fossa (Figs. 2, 14).
Anteriorly, within the supratemporal fossa, the medial process is
smooth, descending anteroventrally to the dorsal margin of the
anterior opening of the orbitotemporal passage (temporo-orbital
foramen), located at the junction between the anterior and me-
dial processes. The orbitotemporal passage extends ventral to
the medial process, opening posteriorly through the posttempo-
ral fenestra, located between the medial process of the squamosal
and the postoccipital processes of the otoccipital (Fig. 6). The
posterior portion of the medial process is elevated dorsally and
heavily sculptured, with its anterodorsal margin slightly over-
hanging the posterolateral part of the supratemporal fossa (Figs.
2, 14). This dorsal expansion of the medial process is notably
elevated above the laterally adjacent dorsal laminae of the ante-
rior and posterior processes of the squamosal, but approximately
coplanar with the medially adjacent dorsal laminae of the parietal
and supraoccipital (Fig. 6). The medial process of the squamosal
extends medially to contact the ipsilateral descending process of
the parietal within the supratemporal fossa and the dorsal lam-
inae of the parietal and supraoccipital along the posterior-most
part of the cranial table (Figs. 2, 14).

The posterior process of the squamosal is heavily sculptured
and exceptionally large, projecting far posteriorly beyond the oc-
cipital surface of the skull (Figs. 2–4, 14). Anteriorly, it meets the
anterior process at an elevated, transversely oriented ridge that
is continuous medially with the posterior margin of the cranial
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FIGURE 14. Photograph of the orbitotemporal region of the skull of the holotype (UA 8679) of Simosuchus clarki in dorsal view, showing relation-
ships between bones within and around the supratemporal fossae and along the dorsal aspect of the orbital fenestrae. Sutures between elements of
the skull roof are indicated by solid lines. The relatively short segment of the left postorbitoparietal suture that is obstructed by the overlying anterior
supratemporal ossification is indicated by a dashed line. Margins of the supratemporal fenestrae are indicated by dotted lines. See Appendix 1 for
anatomical abbreviations.

table in UA 8679 (Figs. 2, 4, 6). Conversely, in FMNH PR 2597,
this boundary is present as a shallow transverse sulcus. In both
specimens, the dorsal lamina of the posterior process is inclined
dorsolaterally (Fig. 6) and extends posteroventrally from the cor-
ner of the cranial table (Fig. 4). The medial third of the dorsal
lamina in UA 8679 is smooth, with moderate to heavy sculptur-
ing extending laterally (Figs. 2, 14). However, FMNH PR 2597
lacks this smooth medial portion, exhibiting heavy sculpturing
across the entire dorsal lamina of the squamosal. Laterally, the
dorsal and ventrolateral surfaces of the posterior process meet
at an acute angle to form a sharp lateral crest (Figs. 2, 3, 6).
This crest terminates posteriorly at a distinct lateral notch, with
the posterior process terminating distally in a rugose, subconical,
posterolaterally directed tubercle in UA 8679 (Figs. 2–4, 6, 14),
and in a somewhat less distinct rounded projection in FMNH PR
2597. Such terminal projections of the posterior processes of the
squamosals represent autapomorphies of Simosuchus clarki.

As in other crocodyliforms, the posterior descending lamina
of the squamosal projects ventrally from the posterior surface of
the medial process and the medial margin of the posterior pro-
cess to contact the quadrate and otoccipital. Beginning lateral to

the posterior opening of the orbitotemporal canal (posttempo-
ral fenestra), it expands both ventrally and laterally, contacting
the otoccipital posteriorly in a suture that extends ventrolater-
ally to the paroccipital process (Figs. 6, 8G, 9O). Further later-
ally, the posterior descending lamina curves strongly posteriorly
at the intersection between the medial and posterior processes,
becoming oriented nearly perpendicular to the occipital surface
and thus forming a free ventral edge of the squamosal (Figs.
3, 4). The posterior descending lamina of the squamosal forms
the medial wall of the external otic recess posterior to the otic
aperture. Ventrally, it is in broad sutural contact with the dor-
sal process of the quadrate, beginning at the dorsoventral mid-
point of the posterior rim of the otic aperture and extending pos-
teroventrally to the posterior margin of the body of the quadrate
(Fig. 4).

Laterally, the anterior and posterior processes of the
squamosal strongly overhang the otic aperture, thereby forming
the roof of the external otic recess (Figs. 4, 7E, 8E, F, 9L–O). Dor-
sal to this recess, the lateral surface of the squamosal is slanted
strongly ventromedially, especially along the posterior process
(Figs. 3, 5, 11), and is divided nearly equally along its length into a
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dorsal portion exhibiting heavy sculpturing and a ventral portion
bearing no sculpturing (Fig. 4). The sculptured dorsal portion of
this lateral surface meets the dorsal laminae of the anterior and
posterior processes at an acute angle to form a distinct lateral
crest of the squamosal (Figs. 3–6, 11). In contrast, the smooth ven-
tral portion of this lateral surface is recessed medially and thus
moderately overhung by the dorsal sculpturing itself (Fig. 9M,
N). The smooth ventral portion of this surface forms a sharp lip
overhanging the external otic recess (Fig. 9L–O), with the ven-
tral edge arching dorsally beginning at a point just posterior to
the otic aperture to form a distinct semicircular notch (Fig. 4),
similar to the condition exhibited by Mariliasuchus amarali (see
Zaher et al., 2006:fig. 5). Medial to this notch and lateral to the
otic aperture itself, the ventral surfaces of the anterior and pos-
terior processes of the squamosal are strongly vaulted to form a
dome-like ventral concavity (Fig. 9O). A similar but shallower
concavity is present in Mahajangasuchus insignis lateral to the
otic aperture. A small rugosity is present on the anterior margin
of this ventral concavity in UA 8679. Extending posteriorly from
this dome-like ventral concavity is a longitudinally oriented, ven-
trally concave trough that runs the length of the ventral surface
of the posterior process (Fig. 3). This hemitubular trough is simi-
lar to, but more prominent than, the condition observed in other
mesoeucrocodylians, including Hamadasuchus rebouli (see Lars-
son and Sues, 2007:fig. 2) and Mariliasuchus amarali (see Zaher
et al., 2006:fig. 5).

Postorbitals—The postorbitals (Figs. 1A–D, 2–5, 11, 14) are
triradiate in their general form, with each exhibiting relatively
short but distinct anteromedial, posterior, and descending pro-
cesses, the three trifurcating from a central point near the pos-
terodorsal corner of the orbit.

The dorsal portions of the anteromedial and posterior pro-
cesses of the postorbital together form a continuous dorsal lam-
ina that makes up the anterolateral part of the cranial table (Figs.
2, 14). It is moderately thick dorsoventrally, but somewhat less
so than the more robust dorsal laminae of the frontal and pari-
etal (Fig. 9I–K). The portion of the dorsal lamina formed by the
anteromedial process of the postorbital is relatively narrow, ap-
proximately equal in width to the elevated central portion of the
dorsal lamina of the parietal, and exhibits a moderate degree of
sculpturing across its dorsal surface. At its anteromedial end, it
is in sutural contact with the posterolateral corner of the dorsal
lamina of the frontal. HRXCT scans of UA 8679 (and, to a lesser
degree, CT scans of FMNH PR 2597) reveal that this postor-
bitofrontal suture is somewhat complex in its internal structure,
with a moderate degree of interdigitation occurring between the
two bones (Figs. 8B, 9H, I). The dorsal lamina of the anterome-
dial process of the postorbital serves to separate the orbital and
supratemporal fenestrae, thereby contributing to the posterodor-
sal margin of the former and the anterolateral margin of the latter
(Figs. 2, 14).

The portion of the dorsal lamina formed by the posterior
process of the postorbital is relatively wide, measuring approx-
imately twice the width of the anteromedial portion, and exhibits
moderate to heavy sculpturing across its dorsal surface (Figs. 2,
14). In UA 8679, this sculpturing is markedly elaborated near the
posterior end of the process, where two short crests are formed,
one extending directly posteriorly along the anterolateral mar-
gin of the supratemporal fenestra, the other diverging posterolat-
erally toward the anterolateral corner of the anterior process of
the squamosal. Similar but less distinct crests can be seen on the
right postorbital of FMNH PR 2596, but in FMNH PR 2597 they
appear to be almost completely absent. At its posterior end, the
dorsal lamina of the postorbital is in sutural contact with the ante-
rior edge of the anterior process of the squamosal. In dorsal view,
this postorbitosquamosal suture is seen to be oriented somewhat
obliquely, extending along an anterolateral-posteromedial axis
(Figs. 2, 14). In addition, serial sagittal HRXCT and CT slices

through the skulls of UA 8679 and FMNH PR 2597, respectively,
demonstrate an obliquely overlapping arrangement in the inter-
nal structure of this joint, with the posterior process of the postor-
bital tapering dorsally as it extends posteriorly, and the anterior
process of the squamosal tapering ventrally as it extends anteri-
orly. This arrangement results in a relatively broad and strongly
beveled contact between the two processes, with the posterior
process of the postorbital dorsally overlapping the anterior pro-
cess of the squamosal (Fig. 7E). However, it does not represent
a simple scarf joint, because the expanded dorsal plate of the de-
scending process of the postorbital (see below) extends posteri-
orly by ventrally underlapping the anterior-most tip of the an-
terior process of the squamosal, thereby creating a single, but
very robust, interdigitation between the two bones, one that can
be seen externally in lateral views of both UA 8679 (Fig. 4) and
FMNH PR 2597.

The descending process of the postorbital forms the dorsal half
of the postorbital bar (Fig. 4). It consists, in part, of an expanded,
horizontally oriented dorsal plate and a relatively flat postero-
lateral lamina. It also contributes, along with the anteromedial
process, to a relatively extensive orbital lamina (Fig. 11).

The dorsal plate of the descending process is essentially semi-
elliptical in shape, with its free curved edge directed posterolat-
erally and its major axis running from anterolateral to postero-
medial (Fig. 10A). As described above, the posterior part of the
dorsal plate underlaps the anterior terminus of the anterior pro-
cess of the squamosal (Fig. 4). In contrast, however, the antero-
lateral third of the plate is not overlain by other bones of the
skull; rather, it projects strongly anteriorly as a triangular shelf
of bone from beneath the anterolateral corner of the cranial ta-
ble, recessed ventrally relative to the latter by ∼3.5 mm (Fig. 4).
The nearly flat dorsal surface of this triangular projection of the
dorsal plate serves as an articular facet for the posterior palpe-
bral (Figs. 2, 4, 5, 9I, J, 11). Near the base of this projection, the
ventrolateral surface of the dorsal plate is perforated by a small
foramen. Preserved in association with this foramen in UA 8679
is a Y-shaped network of shallow canals, consisting of one very
short canal extending anterolaterally from the foramen itself, and
two much longer canals that branch off from the shorter one and
then gradually diverge from one another as they extend toward
the lateral margin of the dorsal plate (Fig. 10A).

The posterolateral lamina of the descending process of the pos-
torbital is preserved completely without displacement, distortion,
or breakage only on the right side of UA 8679, which therefore
serves as the primary basis for this description. It exists as a rela-
tively simple, flat sheet of bone that extends ventrolaterally from
the dorsal plate, with its medial surface applied directly against
the anterior-most part of the lateral surface of the quadrate, along
the dorsal two-fifths of the latter (i.e., along the anterodorsal pro-
cess) (Figs. 4, 9J, 11). It tapers slightly as it descends, ultimately
terminating ∼3 mm above the dorsal corner of the infratemporal
fenestra. (It encroaches directly upon the dorsal corner of the in-
fratemporal fenestra on the left side of UA 8679, but this appears
to be the result of slight dorsoventral compression of the entire
left side of the skull in this specimen.) At its ventral terminus,
the posterolateral lamina of the postorbital contacts the ascend-
ing process of the quadratojugal (Fig. 4). More specifically, the
W-shaped ventral edge of the former is embraced by the dorsal
edge of the latter, which is shaped much like a trident; this forms a
strongly interdigitating articulation between the two bones, both
of which are relatively thin in this area of contact. The external
surface of the posterolateral lamina of the postorbital is entirely
smooth.

The remaining component of the postorbital is its orbital lam-
ina, which is formed by portions of both the anteromedial and de-
scending processes. It consists of a thin, smooth, and anteroven-
trally concave sheet of bone that forms the relatively narrow pos-
terodorsal portion of the orbital wall (Figs. 7D, E, 8C, D, 11,
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FIGURE 15. Photograph of the right orbitotemporal region of the skull of the holotype (UA 8679) of Simosuchus clarki in oblique right anteroven-
trolateral view, showing details of the structure of the infratemporal fenestra and the morphology and relationships of the capitate process of the
laterosphenoid. See Appendix 1 for anatomical abbreviations.

15). Dorsally, the anteromedial edge of the portion of the orbital
lamina formed by the anteromedial process is in sutural contact
with the posterolateral edge of the ipsilateral descending pro-
cess of the frontal (Figs. 4, 11). HRXCT scans of UA 8679 show
numerous small interdigitations between the opposing articular
surfaces throughout this ventral portion of the postorbitofrontal
suture (Figs. 8B, 9H, 10B). The ventral edge of the part of the
orbital lamina formed by the anteromedial process very closely
approaches the dorsal edge of the anterolateral lamina of the
laterosphenoid along the posterolateral two-fifths of the latter
(Fig. 11); however, no suture is formed here, and the ventral
edge of the orbital lamina of the postorbital actually slightly over-
hangs the dorsal edge of this portion of the laterosphenoid (Figs.
9H, 10A, 15). The latter bone ultimately terminates laterally in
a mediolaterally elongate and anteroposteriorly slender capitate
process (Fig. 15), the distal tip of which is received by a notch
on the posterior surface of the orbital lamina of the postorbital,
at a point near the junction of the anteromedial and descending
processes (Figs. 7D, 8C, 9I, 10A). Ventrally, the portion of the
orbital lamina formed by the descending process of the postor-
bital tapers to a blunt point along the anterolateral aspect of the
dorsal terminus of the ascending process of the jugal (Figs. 4, 9I,
11, 12, 15).

On both the left and right sides of UA 8679, there is a promi-
nent foramen lying within a sulcus between the lateral margin of
the orbital lamina of the postorbital and the wedge-shaped an-

terior extension of the dorsal plate of the descending process of
this bone. The foramen on the left side of this specimen is slightly
larger and more dorsally placed than the one on the right. In
FMNH PR 2597, a similarly placed foramen is clearly visible on
the left postorbital; however, due to a large crack running across
the corresponding portion of the right postorbital in this speci-
men, the presence or absence of a foramen here cannot be deter-
mined with certainty.

HRXCT scans of UA 8679 (and, to a lesser degree, CT scans of
FMNH PR 2597) reveal that the postorbitals are largely hollow,
with the central core of each bone being nearly devoid of internal
trabeculae, but with the posterior processes exhibiting numerous
trabeculae (Figs. 7E, 8C, 9J, K, 10B, 12).

Quadratojugals—The quadratojugals (Figs. 1A–E, 2–4, 6, 11,
15) form the posterodorsal margins of the infratemporal fenes-
trae and contribute (along with the jugals) to the formation of the
infratemporal bars. Each quadratojugal consists of an expanded
central plate, an ascending process, and an anterior process.

The expanded central portion of the quadratojugal is approxi-
mately semi-elliptical in shape (Figs. 2, 4, 6). Its medial surface is
nearly flat and is applied directly against the similarly flat lateral
surface of the ventral half of the body of the quadrate (Fig. 9K).
Its lateral surface is lightly sculptured and bears a prominent an-
teroventrolaterally directed tubercle near its ventral end (Figs. 4,
6); the presence of this distinct quadratojugal tubercle represents
an autapomorphy of Simosuchus clarki. Immediately medial to
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this tubercle, the central plate becomes extremely thin, forming
a semicircular flange around the posteroventral half of the base
of the tubercle (Fig. 4). This flange lies directly against the lateral
surface of the lateral hemicondyle of the quadrate.

The ascending process of the quadratojugal extends dorsally,
anteriorly, and slightly medially along the anterior third of the
lateral margin of the anterodorsal process of the quadrate (Figs.
4, 6, 9K, 11, 15). It terminates anterodorsally by contacting the
ventral edge of the posterolateral lamina of the descending pro-
cess of the postorbital in a complex, interdigitating suture (Figs.
4, 11). The ascending process of the quadratojugal is strongly lat-
erally compressed (Figs. 9K, 15), with its narrow anteroventral
edge forming the posterodorsal margin of infratemporal fenestra
(Figs. 4, 11, 15). In contrast to the central plate of the quadrato-
jugal, the ascending process is almost entirely devoid of surface
sculpturing (Fig. 4).

The anterior (infratemporal) process of the quadratojugal
forms the posteromedial part of the infratemporal bar (Figs. 3, 9I,
J, 15). It can be seen in ventral view to have a distinctly beveled
lateral face that gradually tapers medially as the process extends
anteriorly (Figs. 3, 8G, 15). This mirrors the condition seen along
the laterally adjacent posterior process of the jugal, which ex-
hibits a beveled medial face that gradually tapers laterally as it
extends posteriorly. One consequence of this arrangement is that
these two processes meet in a relatively long, tall, and obliquely
oriented suture that extends nearly the entire length of the in-
fratemporal bar. Another is that anterior process of the quadra-
tojugal is obscured almost completely in lateral view by the pos-
terior process of the jugal (Fig. 4).

Jugals—The jugals (Figs. 1A–E, 2–6, 11–13, 15) form the ven-
tral and posteroventral margins of the orbital fenestrae as well
as the ventral and anterior margins of the infratemporal fenes-
trae. They are triradiate in their general form, with each having
distinct ascending, anterior, and posterior processes.

The ascending process of the jugal forms the ventral half of the
postorbital bar, which separates the orbital fenestra from the in-
fratemporal fenestra (Figs. 2–4, 11, 12, 15). It extends dorsally,
medially, and slightly posteriorly from the point at which the
three processes of the jugal trifurcate. At its dorsal end, it passes
medial to the anteroventral corner of the descending process of
the postorbital before tapering and ultimately terminating in the
narrow, anteriorly facing fissure between the lateral surface of the
anterodorsal process of the quadrate and the medial surface of
the ascending process of the quadratojugal (Figs. 8F, 9I, 12, 15);
these relations of the dorsal terminus of the ascending process
of the jugal are unique to Simosuchus clarki among crocodylo-
morphs. The ascending process is distinctly laterally compressed,
having an anteroposterior length approximately twice its medio-
lateral width (Figs. 8F, 9H). It is devoid of sculpturing and thus
completely smooth along all of its surfaces.

As in several other notosuchian taxa, such as Adamantina-
suchus navae, Mariliasuchus amarali, and Araripesuchus tsangat-
sangana, the anterior (suborbital) process of the jugal in Simo-
suchus is subtriangular in cross-section (Fig. 9G), bearing distinct
dorsal, ventromedial, and ventrolateral crests (Figs. 2, 3, 5, 6, 9G,
13). The dorsal crest originates posteriorly along the anterolat-
eral surface of the base of the ascending process and then ex-
tends anteriorly along the dorsal aspect of the anterior process
up to the jugolacrimal suture; there it is continuous with the pos-
terolateral crest formed at the junction of the orbital and facial
laminae of the lacrimal (Fig. 2). Together, the dorsal crest of the
anterior process of the jugal and the posterolateral crest of the
lacrimal form a prominent circumorbital crest that serves to de-
fine the ventral and anterior margins of the orbital fenestra. The
ventromedial crest of the anterior process of the jugal represents
a continuation of the sharp anterior edge of the ascending pro-
cess. It passes close to the root of the dorsal crest as it begins to
curve anteriorly, but then sweeps ventrally and medially toward

the suture between the ventral margin of the orbital lamina of
the lacrimal and the dorsomedial margin of the posterior process
of the ectopterygoid (Fig. 2). Finally, the ventrolateral crest of
the anterior process (jugal ridge sensu Turner, 2006) represents a
continuation and elaboration of a less distinct ventrolateral crest
present along the anterior half of the posterior process (Fig. 2).
It exhibits sculpturing along its entire length, but this is especially
pronounced anteriorly, where the process approaches the pos-
teroventral corner of the antorbital fenestra (Figs. 2–5, 8E, F, 9E,
F, 11, 15). This great elaboration of the sculpturing along the lat-
eral edge of the anterior process of the jugal bears a strong re-
semblance to the ‘jugal prong’ recently described by Novas et al.
(2009) for Yacarerani boliviensis, both in its general appearance
and in its superjacent position relative to the contact between
the ramus of the surangular and the posterodorsal process of the
dentary in the articulated lower jaw; however, the ‘jugal prong’
of Yacarerani lies close to the point of trifurcation of the three
processes of the jugal, whereas the comparable region of heavy
sculpturing in Simosuchus is restricted to the anterior two-thirds
of the anterior process. Elaboration of the sculpturing along the
anterior process of the jugal has also been reported in M. amarali
(Zaher et al., 2006), but the degree of elaboration in this taxon
in considerably less than that exhibited by either S. clarki or Y.
boliviensis.

The anterior process of the jugal curves gently medially toward
its anterior end. This, combined with the heavy sculpturing along
the anterior portion of the ventrolateral crest, produces a gentle,
yet distinct, lateral convexity along this portion of the bone, mak-
ing the jugal appear to be markedly ‘bowed out’ laterally (Figs. 2,
3, 5, 6, 15).

At its anterior end, the anterior process of the jugal articulates
with the maxilla, lacrimal, and ectopterygoid (Figs. 2–5, 8E, F,
9D–F, 11–13, 15). Laterally, immediately anterior to the dorso-
lateral portion of the jugolacrimal suture, the process abruptly
tapers dorsoventrally to terminate as a slightly blunted, anteriorly
directed spike of bone just below the antorbital fenestra (Figs. 2,
4, 5, 11, 13). This anterolateral projection of the anterior process
extends along the lateral surface of the posterior-most part of the
alveolar process of the maxilla. Dorsally, immediately anterior to
the termination of the dorsal crest, a relatively short and nearly
horizontally oriented sutural contact is established with the ven-
tral edge of the descending process of the facial lamina of the
lacrimal (Figs. 2, 4, 12, 13). Medial to this dorsolateral contact,
the anteromedial edge of the anterior process, between the dor-
sal and ventromedial crests, contacts the ventrolateral edge of the
orbital lamina of the lacrimal, thereby forming the relatively tall
and obliquely oriented ventromedial portion of the jugolacrimal
suture. Finally, along the ventral surface of the anterior process,
immediately lateral to the ventromedial crest, there is a deep V-
shaped notch to accommodate the dorsal edge of the posterior
process of the ectopterygoid (Figs. 3, 9F, 15). This notch extends
posteriorly to the mid-orbital level.

The anterior process of the jugal is pierced by numerous foram-
ina. The most conspicuous of these are three relatively large
foramina along the smooth, flat, dorsomedially facing surface of
the process (i.e., that extending between the dorsal and ventro-
medial crests). These are positioned nearly identically on both
left and right jugals of UA 8679: the largest of these three foram-
ina is positioned immediately posterolateral to the dorsoventral
midpoint of the vertically oriented portion of the jugolacrimal su-
ture, whereas the two smaller ones are located along the poste-
rior part of the anterior process, separated anteroposteriorly by
a distance of ∼4 mm. Similarly, the ventral surface of the process
bears at least one prominent foramen just posterior to its antero-
posterior midpoint; one of these is present on both jugals in UA
8679, but multiple foramina are present in both (damaged) jugals
of FMNH PR 2597. Finally, numerous small foramina pierce the
heavily sculptured anterior portion of the ventrolateral crest of
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the anterior process. These lateral foramina, which number ap-
proximately nine on each side of UA 8679, are best visualized in
HRXCT scans of this specimen, as they are very small and well
concealed amidst the surrounding sculpturing.

Like the ascending process, the posterior process of the jugal
is laterally compressed, giving it a somewhat flattened appear-
ance in lateral view (Fig. 4). However, due to the presence of
moderately developed ventromedial and ventrolateral crests, it
is actually slightly subtriangular in cross-section, especially ante-
riorly, in the region subjacent to the anterior portion of the in-
fratemporal fenestra (Fig. 9I). Its dorsal edge is rather sharp and
is continuous with the equally sharp posterior edge of the ascend-
ing process, the two meeting at an angle of slightly less than 90◦

(Figs. 4, 12). Due to the somewhat tilted orientation of the pos-
terior half of the jugal, which mirrors that of the lateral surface
of the quadratojugal (and thus the quadrate), this dorsal edge of
the posterior process slants slightly medially (Figs. 2, 9I, J, 11).
The ventrolateral crest of the posterior process is continuous with
that of the anterior process. It is only faintly developed posteri-
orly, but becomes more pronounced anteriorly, where it bears
light sculpturing along its surface. In contrast, the ventromedial
crest is well developed along the entire length of the posterior
process (Fig. 3). In fact, it extends anteriorly onto the ventral sur-
face of the proximal part of the anterior process before terminat-
ing completely near the posterior apex of the V-shaped notch ac-
commodating the posterior process of the ectopterygoid. It bears
emphasis that the ventromedial crest of the posterior process is
not continuous with that of the anterior process; the latter repre-
sents an anterior extension of the anterior edge of the ascending
process. The posterior process of the jugal laterally overlaps the
anterior process of the quadratojugal, the two processes together
forming the infratemporal bar (Figs. 3, 9I, J, 12, 15).

Due to the large size of the orbital fenestra, the point at which
the three processes of the jugal trifurcate is located relatively
far posteriorly. Consequently, the anterior process is more than
twice the length of the posterior process (Figs. 2–4, 15). More-
over, although both the anterior and posterior processes are
slightly concave ventrally, this is somewhat more pronounced
along the longer anterior process, especially near its posterior ori-
gin. Together, these concavities produce a subtle curvature that
extends along nearly the entire length of the jugal (Figs. 4, 12).

Ectopterygoids—The ectopterygoids (Figs. 1A–C, E, 2–4, 11,
12, 15) are short and robust, each consisting of a relatively large,
wedge-shaped anterodorsal portion, the body, from which two
processes project: a well-developed and somewhat twisted de-
scending (pterygoid) process and a strongly tapered posterior
process.

The body of the ectopterygoid, together with its relatively long,
tapering posterior process, is subtriangular in ventral view (Fig.
3), its somewhat rounded anterolateral corner situated ventrally
and medially adjacent to the convergence between the posterior
end of the alveolar process of the maxilla, the anterior terminus
of the anterior process of the jugal, and ventral edge of the de-
scending process of the lacrimal (Figs. 2–4, 9D, 12). Anteriorly,
the body of the ectopterygoid meets the palatal process of the
maxilla in a broad transverse suture approximately even with the
posterior margin of the posterior-most maxillary alveolus (Fig. 3);
in contrast to the condition exhibited by other crocodyliforms,
a distinct anterior process is lacking in Simosuchus (a trait that
likely evolved in correlation with the anterior rotation of the
transverse processes of the pterygoid [see below]). Dorsolater-
ally, the body of the ectopterygoid contacts the tapered posterior
end of the alveolar process of the maxilla (Fig. 9D). Dorsome-
dially, it contacts the ventral margin of the orbital lamina of the
lacrimal (Figs. 2, 12).

The posterior process of the ectopterygoid is subtriangular in
cross-section (its corners being somewhat rounded) (Fig. 9F) and

is received posteriorly by a V-shaped notch that extends along the
ventromedial edge of the anterior process of the jugal (Figs. 3, 9F,
12, 15). The posterior process projects posteriorly to a point co-
inciding with a transverse plane passing through the center of the
orbit (Figs. 3, 4); thus, unlike the condition exhibited by most de-
rived neosuchians, it does not contact (or even closely approach)
the postorbital bar.

The descending process of the ectopterygoid projects ventrally
from the body to meet the anterodorsal part of the expanded
lateral terminus of the transverse process of the pterygoid (Figs.
2–4, 8H, 9E, 11, 12, 15). Here the laterally exposed portion of
the descending process of the ectopterygoid, like that of the
posteriorly adjacent transverse process of the pterygoid, is
heavily pitted (Figs. 4, 11). A distinct ridge extending along the
lateral surface of the descending process, gently curving from
posterodorsal to anteroventral, is formed by an anteroventral
continuation of the medial edge of the posterior process; this
prominent ridge gives the descending process of the ectoptery-
goid a conspicuously twisted appearance in lateral view (Figs. 4,
11). This condition represents an autapomorphy of Simosuchus
clarki. Finally, in at least some individuals, the anterior surface
of the descending process of the ectopterygoid is pierced by
several small foramina; these are visible on both ectopterygoids
in UA 8679 and on the preserved right ectopterygoid in FMNH
PR 2597, but appear to be absent from the right ectopterygoid
found in association with UA 9754.

Pterygoid—The pterygoid (Figs. 1A–E, 2–6, 11–13, 15–17) is
unpaired, its left and right halves being fully fused together. It is
very large, forming a significant portion of the ventral part of the
skull, and serves to bridge together the braincase, palate, and lat-
eral portions of the dermatocranium. Near the midline, the inter-
nal nares (choanae) are contained almost completely within the
pterygoid (Figs. 3, 7B, C, 8G, 9D–F, 15). The pterygoid consists of
four primary processes: a relatively short dorsal (ascending) pro-
cess, a pair of prominent and robust transverse processes, and a
relatively long and complex anterior (palatal) process. Centrally,
in the vicinity of the common origin of these four primary pro-
cesses, a distinctly broad and dorsoventrally flattened region is
formed, constituting the pterygoid plate.

The dorsal process of the pterygoid emanates anteriorly from
the posterior part of the pterygoid plate, its origin from the latter
being marked by a somewhat subtle V-shaped ridge, the apex of
which is directed posteriorly (Figs. 3, 6). From this anterior origin,
the process extends posterodorsally for a relatively short distance
before establishing a broad contact centrally with the paraba-
sisphenoid. HRXCT scans of the head skeleton of UA 8679 re-
veal that this contact is relatively extensive along the median
sagittal plane, with the prominent rostrum (cultriform process)
of the parabasisphenoid arching anterodorsally over the center
of the dorsal process of the pterygoid for a distance of ∼14 mm
(Fig. 7A). However, the extent of this contact diminishes signifi-
cantly to either side of the midline (Fig. 7B). Lateral to its central
contact with the parabasisphenoid, the dorsal process is some-
what elaborated on each side to form a distinct posterolaterally
projecting quadrate process, which articulates with the anterome-
dially projecting pterygoid process of the quadrate (Figs. 3, 8G,
15, 16, 17D).

Beginning from the anterior-most portion of the pterygoid
plate and extending posteriorly, the line of fusion between the
left and right halves of the pterygoid is demarcated by a mid-
ventral longitudinal crest (Fig. 3). This crest is somewhat in-
distinct near its anterior end, but posteriorly, after it intersects
the apex of the V-shaped ridge marking the anterior origin of
the dorsal process, it becomes significantly more prominent, re-
maining strongly developed until it contacts the parabasisphe-
noid. This longitudinal crest, which bears strong similarity to one
present in Uruguaysuchus, effectively divides the relatively broad
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posteroventral surface of the dorsal process into two ventral con-
cavities, each partially invaded by underlapping projections of the
parabasisphenoid.

The dorsally exposed surfaces of the dorsal process of the
pterygoid, including those of its posterolaterally projecting
quadrate processes, are oriented predominantly dorsolaterally
and are continuous anteriorly with the similarly oriented dor-
sal surfaces of the transverse processes and the anterior process
(Figs. 4, 16, 17D). These combined dorsolateral surfaces formed
along each side of the pterygoid converge at the midline, where
they form a shallow mid-sagittal groove to receive the ventral
margin of the anteriorly projecting parabasisphenoid rostrum
(Fig. 9G).

Posterolaterally, the area of contact between the quadrate pro-
cess of the pterygoid and the pterygoid process of the quadrate is
relatively large, extending from the ventral surface of the skull
dorsally to the trigeminal (CN V) foramen (Figs. 3, 8G, 15,
16, 17D). In the vicinity of the latter, the dorsal surface of the
quadrate process of the pterygoid forms the floor of the trigemi-
nal fossa, which is bounded posterolaterally by the quadrate and
anteromedially by the laterosphenoid; further anterolaterally, the
trigeminal fossa is continuous with a well-developed maxillo-
mandibular groove, through which passed the combined maxil-
lary and mandibular divisions of the trigeminal nerve (CN V2
+ V3) (Fig. 16). The anterolateral orientation of the trigeminal
foramen (and that of the associated trigeminal fossa and maxil-
lomandibular groove) represents a uniquely derived condition in
Simosuchus clarki among crocodyliforms.

Immediately lateral to its contact with the laterosphenoid, the
dorsal process of the pterygoid forms a distinct dorsally directed
pedicel for articulation with the ventral end of the slender, colum-
nar epipterygoid (Fig. 16). Just medially adjacent to this articular
pedicel, the pterygoid-laterosphenoid suture extends anteroven-
trally for a short distance before curving medially toward the
parabasisphenoid rostrum (Fig. 4).

The transverse processes of the pterygoid are extraordinarily
robust and approximately subtriangular in shape in sagittal sec-
tion (Figs. 7E, 12); in these respects, they are somewhat similar to
those exhibited by Mariliasuchus, Notosuchus, and Baurusuchus.
Each originates centrally from the middle of the pterygoid plate
and projects strongly laterally as well as anteroventrally (Figs. 3,
4, 6, 9G, 11, 15, 17D)—again bearing similarity to the condition
seen in Mariliasuchus—before ultimately terminating distally in
an expanded facet that is highly rugose, gently concave laterally,
and, in lateral view, approximately amygdaloid in shape (Figs. 4,
11, 16). The anterodorsal margin of this expanded distal facet ar-
ticulates with the posterior surface of the descending process of
the ectopterygoid (Figs. 3, 4, 8H, 11, 12, 15, 16). From the center
of this articulation, a well-defined but low crest extends posteri-
orly, medially, and slightly dorsally along the anterior margin of
the transverse process (Figs. 7D, E, 9F, 15). This anterior crest
ultimately forms the posterior margin of the internal narial fen-
estra and the anterolateral margin of the pterygoid plate before
turning anteromedially to join the lateral margin of the ventral
lamina of the anterior process. At this latter junction, on both
sides of the pterygoid, a ventrally projecting tubercle is formed
(Figs. 3, 6).

In addition to the well-developed crest that runs along the an-
terior margin of each transverse process, an even more sharply
defined crest extends along the ventral margin of each of these
processes (Figs. 3, 6, 7D, E, 8H, 9G, 12, 15). On each side, this
ventral crest originates from—and in large part defines—the pos-
terior border of the pterygoid plate (Figs. 3, 6). From this central
origin, it extends laterally, anteriorly, and ventrally along a gently
curvilinear path, ultimately terminating laterally near the ventral
apex of the expanded distal facet of the transverse process (Figs.
3, 15). We interpret this ventral crest in Simosuchus as being ho-
mologous with the posterior edge of the transverse process of the

pterygoid in other crocodyliforms. Between the anterior and ven-
tral crests of each transverse process is a relatively long but shal-
low anteroventromedially directed trough that merges medially
with the flattened posteroventral surface of the pterygoid plate
(Figs. 3, 15).

The dorsal surfaces of the transverse processes of the pterygoid
are posterodorsally convex, and are continuous medially with the
dorsal surfaces of the dorsal process and the anterior process
(Figs. 2, 17D). Running along this convex dorsal surface of each
transverse process is a distinct elongate tuberosity, extending lat-
erally approximately one-half the length of the process (Figs. 2,
6, 7E). In posteroventral view, the central portion of this dorsal
tuberosity is seen to be raised into a relatively prominent triangu-
lar projection, the apex of which is directed posterodorsally. Fur-
ther medially, the thin dorsolateral lamina of the anterior process,
which forms a continuous roof over the internal nares, is seen to
arise from the anterodorsal surfaces of the proximal portions of
the transverse processes (i.e., where they converge toward the
midline) (Figs. 9G, 17D). On each side, a sulcus formed between
the proximal-most part of this dorsolateral lamina of the anterior
process and the anterior crest of the transverse process expands
posteromedially, with this expansion ultimately creating a rela-
tively deep, cup-like, posterior fossa within each internal naris
(Figs. 7A, 9G, 15).

The anterior process of the pterygoid contributes to the forma-
tion of the central portion of the posterior part of the bony palate,
as well as to the nasopharyngeal canals and their posterior open-
ings, the internal nares (secondary choanae sensu Witmer, 1995)
(Figs. 3, 17). The process therefore presents a relatively complex
morphology, and one that is not fully preserved in any known
specimen of S. clarki. The anterior process is most completely
preserved in UA 8679, and most of the following description is
based predominantly on the morphology exhibited by this spec-
imen, as interpreted through both direct visual observations and
careful scrutiny of serial HRXCT slices and three-dimensional
digital reconstructions generated from those slices. However, we
supplement our description with observations made on the skull
of FMNH PR 2597, in which the anterior process of the pterygoid
is broken but partially preserved.

The anterior process of the pterygoid consists of three dis-
tinct laminae: a thin dorsolateral lamina, which forms the roof
and lateral walls of the internal nares and nasopharyngeal canals;
a much thicker ventral lamina, which contributes to the forma-
tion of the internarial (choanal) septum posteriorly and to the
central portion of the posterior part of the bony palate anteri-
orly; and a very thin vertical lamina, which forms a median sep-
tum between the left and right internal nares and nasopharyngeal
canals.

As described above, the dorsolateral lamina of the anterior
process of the pterygoid originates from the dorsal margins of
the proximal-most portions of the paired transverse processes
(Figs. 9G, 17D). From this posterior origin, it extends anteriorly,
forming a thin, dorsolaterally convex roof over the internal nares
(Figs. 3, 9D–F, 15). Along the dorsal surface of this roof, the left
and right halves of the lamina converge at the midline to form a
distinctly angulated longitudinal ridge that is contacted dorsally
by the ventral ends of the descending processes of the prefrontals
(i.e., prefrontal pillars) (Figs. 9F, 13). Through the creation of
this roof overlying the internal nares, the dorsolateral lamina also
comes to define the free lateral margin of each internal narial fen-
estra (Figs. 3, 15).

Near the anterior ends of the internal nares, the lateral mar-
gin of each half of the dorsolateral lamina of the anterior process
of the pterygoid contacts the ascending process of the ipsilateral
palatine in a ventrally concave suture (Figs. 3, 9C, 17B, D). Im-
mediately anterior to this, the lateral margin of the dorsolateral
lamina descends further ventrally to contact the dorsal surface of
the palatal process of the ipsilateral maxilla (Fig. 17A, D). This
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FIGURE 16. The epipterygoid and associated structures in Simosuchus clarki. A, photograph in oblique anterodorsolateral view of the right
orbitotemporal region of the holotype, UA 8679 (upper right), with high-magnification inset (lower left), showing the distinct pedicels on the
laterosphenoid and pterygoid for articulation with the epipterygoid (missing in this specimen). B, stereophotographic oblique anterodorsolateral views
of the right orbitotemporal region of FMNH PR 2597, showing the largely intact, columnar epipterygoid preserved in this specimen. See Appendix 1
for anatomical abbreviations.
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FIGURE 17. Morphology of the bony palate, nasal cavities, and nasopharyngeal canals of Simosuchus clarki, as seen in cutaway views through a
three-dimensional digital reconstruction of the skull and lower jaw of the holotype (UA 8679) generated from HRXCT scans. In this reconstruction,
remaining matrix has been removed digitally so as to provide unobstructed views of unprepared internal regions of the head skeleton. A, anterior
view from a transverse plane passing through the anterior ends of the nasopharyngeal canals (i.e., primary choanae sensu Witmer, 1995). B, posterior
view from a transverse plane passing through the posterior ends of the nasopharyngeal canals (i.e., internal nares, or secondary choanae sensu Witmer,
1995). C, medial view from the median sagittal plane. D, dorsal view from a frontal plane passing through the internal nares. (Note: ‘virtual preparation’
of this specimen has resulted in the digital deletion of portions of the thinnest laminae of bone throughout the head skeleton, such as those that
surround the nasopharyngeal canals and internal nares; these thin laminae of bone are in actuality better preserved in this specimen than is depicted
in this computer-generated reconstruction.) See Appendix 1 for anatomical abbreviations.

creates a relatively flat, ventrolaterally sloping surface that forms
the dorsolateral wall of the nasopharyngeal canal (Figs. 9C, 17A,
B). Finally, from the anterior-most point along this ventrolateral
contact with the palatal process of the maxilla, the lateral margin
of the dorsolateral lamina sweeps abruptly anteriorly, medially,
and dorsally to contact the dorsolateral terminus of the ascend-
ing process of the ipsilateral vomer. This creates a subtriangular
anterior opening to each nasopharyngeal canal (primary choana
sensu Witmer, 1995), bounded medially and dorsomedially by the
ascending process of the vomer and dorsolaterally by the anterior
process of the pterygoid (Figs. 9C, 17A).

Also extending to the transverse level of the anterior openings
of the nasopharyngeal canals, but not participating in their for-
mation, is a median projection of the dorsolateral lamina (Fig.
7A) that terminates anteriorly by insinuating itself between the
two divergent ascending processes of the vomers (Figs. 8E, 17A,
C). This sharply tapered midline projection represents an ante-
rior continuation of the prominent ridge that extends along the
mid-dorsal surface of the lamina where it arches over the inter-

nal nares. This ridge becomes independent of the remainder of
the dorsolateral lamina just posterior to the anterior origin of
the nasopharyngeal canals, where the lateral portions of each half
of the lamina diverge laterally toward the palatal process of the
maxilla.

The ventral lamina of the anterior process of the pterygoid
originates from the anterior part of the pterygoid plate, its lateral
margins being continuous with the anterior crests of the trans-
verse processes (Figs. 3, 15). It is relatively narrow at its posterior
end, measuring ∼5 mm mediolaterally. However, near the an-
teroposterior midpoint of the internal narial fenestrae, the lam-
ina begins to gradually widen, ultimately reaching a maximum
mediolateral width of ∼10 mm adjacent to the anterior margins
of the fenestrae. Throughout this posterior portion of its course,
the ventral lamina of the anterior process contributes (along with
the vertical lamina) to the formation of an extensive internarial
(choanal) septum (Figs. 3, 9D–F, 15, 17D). Throughout all but
the anterior-most part of this posterior portion of the lamina, it
presents a smooth and nearly flat ventral surface.
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Anterior to the internal narial fenestrae, the ventral lamina of
the anterior process of the pterygoid remains moderately wide
(relative to its much narrower posterior root) and extends ante-
riorly along the midline of the posterior part of the bony palate
(Fig. 3). In doing so, it insinuates itself between the palatal pro-
cesses of the left and right palatines (Figs. 9C, 17B, D), and be-
tween the posterior halves of the palatal processes of the left
and right maxillae (Figs. 8G, 17A, D), before ultimately contact-
ing the palatal processes of the vomers anteriorly (Figs. 7A, B,
17A, C, D). In contrast to the several overlapping articulations
established between the palatal processes of neighboring bones
throughout the anterior part of the palate, the ventral lamina of
the anterior process of the pterygoid meets all of its neighboring
palatal elements in simple end-to-end contacts. Along its ante-
rior (palatal) portion, the ventral lamina is prominently concave
ventrally, thereby contributing to, along with the vomer, a longi-
tudinally oriented mid-ventral trough along the posterior part of
the bony palate (Figs. 3, 9C, 17A). At least four foramina pierce
the ventral lamina of the anterior process along its length; two of
these are located adjacent to the anterior margins of the internal
narial fenestrae, whereas two others are located near the anterior
terminus of the lamina. One of these four foramina, located in the
ventral midline immediately posterior to the posterior terminus
of the intervomerine suture, is significantly larger than the other
three.

Finally, extending between the dorsolateral and ventral lami-
nae of the anterior process of the pterygoid, and intersecting both
perpendicularly, is an extremely thin vertical lamina (Fig. 4). It
originates posteriorly from the anterodorsal surface of the ptery-
goid plate and extends anteriorly within the median sagittal plane
to contact the ascending processes of the vomers. In so doing, the
vertical lamina of the anterior process of the pterygoid creates a
midline septum that divides the left and right internal nares pos-
teriorly, and the left and right nasopharyngeal canals anteriorly
(Figs. 9E, F, 17B).

HRXCT scans of the head skeleton of UA 8679 demonstrate
that nearly the entire pterygoid is heavily pneumatized, with par-
ticularly large vacuities in the transverse processes, and exten-
sively reinforced internally by numerous bony trabeculae (Figs.
7A–E, 8G–I, 9D–G, 12, 17B–D). However, one noteworthy ex-
ception to this generalization is the extremely thin dorsolateral
lamina of the anterior process that arches over the internal nares
and nasopharyngeal canals; this region of the bone remains non-
pneumatized.

Palatines—The palatines (Figs. 1B, C, E, 3, 4) are preserved on
both sides of the skull of the holotype (UA 8679) of Simosuchus
clarki. In this specimen, the right element is better preserved than
the left; however, both exhibit damage in certain places. In addi-
tion, both palatines are partially preserved with the head skeleton
of FMNH PR 2597, but significant portions of each are missing.

The palatines are relatively small, but nevertheless contribute
to the formation of the bony palate, the internal narial fenestrae,
and the suborbital fenestrae. Each consists of a horizontally ori-
ented palatal process and a vertically oriented ascending process.

The overall shape of the palatal process of the palatine is best
preserved on the right side of the skull of UA 8679, despite the
posteromedial corner of the element being broken off (Fig. 3). In
general, the shape of the process approximates that of a square,
but one with a short rectangular extension that projects medially
from its anterior half. This rectangular anteromedial extension
contacts the lateral margin of the ventral lamina of the anterior
process of the pterygoid (Figs. 3, 9C). However, the palatal pro-
cess of the palatine shares its most extensive contact along its lat-
eral and anterior borders with the palatal process of the maxilla
(Figs. 3, 4, 7C, D, 8G, 9C, 17B, D). The posterior border of the
square (main) portion of the palatal process of the palatine forms
the medial half of the anterior border of the suborbital fenestra,
whereas the posterior border of the rectangular medial projection

off of the palatal process forms the anterior margin of the inter-
nal narial fenestra (Fig. 3). The palatal process exhibits a smooth,
gently convex ventral surface. In addition, a small, rounded, ven-
trally directed tubercle is located on its ventral surface just an-
teriorly adjacent to the center of its main posterior border (i.e.,
near the anteromedial corner of the suborbital fenestra).

The ascending process of the palatine arises from the dorsal
surface of the palatal process and projects dorsomedially toward
the anterior process of the pterygoid. It ultimately contacts the
lateral margin of the ipsilateral half of the dorsolateral lamina of
the latter, thereby forming an anterodorsally directed suture that
extends along the lateral walls of the internal naris (posteriorly)
and nasopharyngeal canal (anteriorly) (Figs. 3, 9C, 17B, D).

Like other neighboring elements of the palate, the palatines
are pneumatized (Figs. 7C, D, 8G, 9C). This pneumatization is
most extensive throughout the posterior portions of the palatal
processes. However, the relatively broad bases of the ascending
processes are also pneumatized.

It bears emphasis that the most peculiar feature of the palatines
in S. clarki relates not to the morphology of these bones them-
selves, but rather to the separation between them. The palatal
processes of the left and right palatines are separated at the pos-
terior end of the bony palate by the strongly developed ventral
lamina of the anterior process of the pterygoid (Fig. 3). This con-
dition is unique among crocodyliforms.

Vomers—The paired vomers (Figs. 1B, 3) are rather small in
size and relatively simple in their overall morphology. Each con-
sists of a nearly horizontally oriented palatal process and a verti-
cally oriented ascending process.

The palatal process of each vomer is fully exposed in ventral
view and is approximately semi-elliptical in shape, with its ma-
jor axis positioned immediately adjacent to the median sagittal
plane of the skull (Fig. 3). This portion of the bone contacts the
posteromedial edge of the palatal process of the premaxilla ante-
riorly, the central portion of the medial edge of the palatal pro-
cess of the maxilla laterally, and the anterior edge of the anterior
process of the pterygoid posteriorly. Medially, the left and right
palatal processes meet at the midline in a relatively straight in-
tervomerine suture (Figs. 3, 9B, 17A). The palatal processes are
slightly concave ventrally, thus forming a shallow vomerine fossa
anterior to the center of the bony palate (Figs. 3, 7A, 9B). Like
the palatal processes of the premaxillae and maxillae, those of the
vomers are pneumatized (Figs. 7B, 9B, 17A, C, D). In addition,
each palatal process is pierced by a relatively large foramen; that
on the right vomer is positioned posteriorly, whereas that on the
left vomer is positioned anteriorly.

Although a palatal exposure of the vomers appears to have
been relatively widespread among basal crocodylomorphs (e.g.,
Sphenosuchus acutus, Dibothrosuchus elaphros, Litargosuchus
leptorhynchus), this condition is unique to Simosuchus clarki
among known basal mesoeucrocodylians. As pointed out by
Buckley et al. (2000), the exposure of the palatal processes of
the vomers in this taxon, as well as their general shape and
position between the palatal processes of the premaxillae and
maxillae, most closely approximates (among crocodyliforms) that
exhibited by the extant crocodylian Melanosuchus niger. Much
narrower and far more posterior palatal exposures of the vomers
are also seen in the goniopholidid Calsoyasuchus valliceps and in
the extant crocodylian Tomistoma schlegelii among neosuchians.

From the medial edge of the palatal process of each vomer
arises a vertically oriented ascending process. Along the anterior
half of the vomer, the ascending process exists as little more than
a relatively short, dorsally projecting crest (Fig. 9B). Throughout
this anterior region, the left and right ascending processes are
in direct sutural contact with one another. Approximately mid-
way along the length of the vomer, however, the ascending pro-
cess abruptly increases in height (Figs. 9C, 17C). It first rises di-
rectly vertically, but as it approaches the anterior-most tip of the
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FIGURE 18. Disarticulated anterior and posterior palpebrals from the
holotype (UA 8679) of Simosuchus clarki. Photographs in A, dorsal; and
B, ventral views. Anterior to top and lateral to sides in both views. See
Appendix 1 for anatomical abbreviations.

anterior process of the pterygoid, it curves gently laterally (Fig.
8E), ultimately contacting the dorsomedial edge of the dorsolat-
eral lamina of the anterior process of the pterygoid (Fig. 17A).
Thus, the ascending process of the vomer forms the medial and
dorsomedial margins of the anterior opening of the nasopharyn-
geal canal (primary choana sensu Witmer, 1995), as well as the
medial and dorsomedial walls of the anterior half of the canal it-
self.

Other Dermal Ossifications Associated with the Skull

Palpebrals—The palpebrals (Figs. 1A, B, D, 2, 3, 5, 18) are
dermal ossifications, extrinsic to the skull proper, that develop
within the fixed upper eyelids (Romer, 1956). In Simosuchus
clarki, there are two on each side, one anterior and one pos-
terior, with the anterior one being the much larger of the two.
Together, the anterior and posterior palpebrals form a relatively
expansive bony roof overhanging the orbit that extends laterally
1–2 cm from the true dorsal margin of the orbital fenestra (Fig.
2). Owing to the relatively large size and dorsal position of the
palpebrals, the effective orientation of the orbits in S. clarki is
almost purely lateral.

The anterior palpebral has the shape of a slightly non-planar
(ventrally concave) irregular pentagon, but one with slightly
rounded corners (Fig. 18). At its anteromedial corner, it bears
a relatively large triangular facet on its ventral surface (Fig. 18B).
This corresponds with a similarly shaped dorsally facing facet lo-
cated on the lateral-most part of the dorsal lamina of the pre-

frontal, immediately anterior to the anterodorsal corner of the
orbital fenestra (Figs. 2, 4, 5, 7D, 9E, 11–13). With these two
facets in articulation with one another, the relatively narrow ante-
rior edge of the anterior palpebral is oriented almost transversely
(although it does angle slightly from anteromedial to posterolat-
eral) and is positioned directly against the posterior edge of the
lateral-most portion of the preorbital crest (Fig. 2). The antero-
medial and posteromedial edges of the anterior palpebral very
closely parallel the dorsal margins of the orbital fenestra (Fig.
2). The former extends posteromedially along the posterolateral
edge of the prefrontal; it is relatively long and straight. The lat-
ter extends posterolaterally along the anterolateral edge of the
main portion of the frontal; it is relatively short and slightly con-
vex posteromedially. The obtuse angle between these two edges
lies immediately adjacent to the posterior, transverse portion of
the prefrontofrontal suture. Similarly, the angle between the pos-
teromedial and posterior edges lies closely adjacent to the postor-
bitofrontal suture. From this point of intersection, the posterior
edge extends almost directly laterally (though very slightly anteri-
orly as well); it is relatively wide and straight, and closely parallels
the anterior edge of the posterior palpebral. The posterior edge
of the anterior palpebral is distinctly beveled (from anterodor-
sal to posteroventral) along its entire width (Fig. 18A). Finally,
the free lateral edge of the anterior palpebral extends posterolat-
erally over the anterior three-quarters of the orbit (Fig. 2); it is
the longest of the five sides of the bone and is slightly concave
anterolaterally.

The anterior palpebral exhibits a moderate amount of sculp-
turing across its gently convex dorsal surface (Figs. 2, 18A), but
is smooth across its concave ventral (orbital) surface (Fig. 18B).
However, the latter surface is pierced by numerous small foram-
ina. In addition, despite being relatively thin (dorsoventrally), it
exhibits a distinctly trilaminar structure; CT scans of FMNH PR
2597 taken when its left anterior palpebral was still in place reveal
a central layer of cancellous bone sandwiched between dorsal and
ventral layers of compact bone.

The posterior palpebral is approximately trapezoidal in shape,
having two nearly parallel edges (anterior and posterior) and two
distinctly non-parallel edges (medial and lateral) (Figs. 2, 18).
The anterior edge is the longest of the four and is oriented nearly
transversely, closely paralleling the posterior edge of the anterior
palpebral. The medial edge is gently convex, curving posterolat-
erally along the anterolateral edge of the anteromedial process
of the postorbital. The posterior and lateral edges are both rela-
tively short and straight, with neither contacting other bones.

The posterior palpebral is supported by a prominent triangular
shelf that projects anterolaterally from the central part of the pos-
torbital (Figs. 2, 4, 5, 7E, 9I, J, 11). Correspondingly, the posterior
palpebral bears a dorsal recess along the posterior half of its ven-
tral surface (Fig. 18B), into which the anterior half of the pos-
torbital shelf projects. However, the roof of this recess is rather
rugose, in contrast to the smooth ventral articular facet at the an-
teromedial corner of the anterior palpebral. Similarly, the dorsal
(articular) surface of the postorbital shelf is somewhat rugose as
well.

Like the anterior palpebral, the posterior palpebral exhibits
sculpturing across its dorsal surface (Figs. 2, 18A), but is com-
paratively smooth along the anterior half of its ventral (orbital)
surface (i.e., anterior to its dorsal recess) (Fig. 18B), with the lat-
ter surface bearing only a small number of foramina.

Supratemporal Ossifications—In the holotype specimen (UA
8679) of Simosuchus clarki, two relatively small and very flat
bones are preserved within each supratemporal fossa. These
supratemporal ossifications (Figs. 1A, 2, 14) are interpreted as os-
teoderms that were, in life, embedded within the skin overlying
each supratemporal fenestra. As preserved, the larger anterior
ossification is positioned with its deep surface facing anteroven-
trally against the posteromedial surface of the anteromedial
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process of the postorbital. The smaller posterior ossification is
positioned with its deep surface facing posteroventrally against
the anterior surface of the dorsal part of the quadrate (i.e., where
the dorsal primary head and anterodorsal process of the latter
curve to meet one another along the posterior wall of the ad-
ductor chamber). Neither of these ossifications is known to be
present in any other crocodyliform taxa.

Each anterior supratemporal ossification in UA 8679 exhibits
a nearly straight lateral edge but a distinctly convex medial edge,
the latter curving toward the former at its anterior end, thus pro-
ducing a bluntly rounded anterolateral apex (slightly notched
or broken on the left side) (Figs. 2, 14). The proximity of this
rounded apex to the similarly rounded anterolateral corner of
the supratemporal fenestra, taken together with the correspon-
dence in shape between the lateral margins of both the ossifica-
tion and fenestra, suggests that the anterior supratemporal ossi-
fication was positioned in life at the anterolateral corner of the
fenestra, presumably in an approximately horizontal orientation.
However, as preserved, the ossification is inclined strongly ver-
tically, with its anterolateral apex projecting both dorsally and
anteriorly from the supratemporal fossa.

The posterior part of the anterior supratemporal ossification is
preserved only on the left side of UA 8679. Here the posterior
half of the bone rather closely mirrors the anterior half in its gen-
eral morphology. This gives the ossification a nearly semilunar
overall shape.

The anterior supratemporal ossifications are marked by nu-
merous rugosities across their superficial surfaces and along their
edges. They are significantly larger than the posterior ossifica-
tions (Figs. 2, 14), with the most complete one (left side of UA
8679) measuring ∼12 mm in maximum length and ∼8 mm in max-
imum width.

The most completely preserved of the two posterior supratem-
poral ossifications in UA 8679 is the right one. It approximates
the shape of an equilateral triangle, but one with slightly rounded
corners (Figs. 2, 14). Each of its three sides measures ∼7.5 mm in
length. It is faintly rugose both across its superficial surface and
along its sides. Its anterior edge, which faces anteroventrally and
slightly medially as preserved, bears a prominent central tubercle
and two smaller lateral tubercles. The left posterior supratempo-
ral ossification in UA 8679 is similar in shape to the right one, but
is slightly smaller. Its sides and corners are more rounded, and it
is significantly smoother across its superficial surface and along
its sides.

Supratemporal ossifications were not preserved in either
FMNH PR 2596 or FMNH PR 2597.

Bones of the Chondrocranium

Laterosphenoids—The laterosphenoids (Figs. 1C, 4, 11, 14–16)
form the anterolateral walls of the braincase. In the holotype
specimen (UA 8679) of Simosuchus clarki, the right laterosphe-
noid is better preserved than the left one. In FMNH PR 2597,
the left and right laterosphenoids exhibit similar levels of preser-
vation relative to one another. Each laterosphenoid is sharply
angled to form a broad, anterolaterally facing lamina and a nar-
rower, posterolaterally facing lamina (Figs. 8C–E, 10A, 16). Thus,
S. clarki possesses a well-developed cotylar crest (sensu Clark et
al., 1993) separating the anterolateral and posterolateral laminae
of the laterosphenoid at an approximately right angle.

The anterolateral laminae of the left and right laterosphenoids
contact the descending processes of the frontal dorsally and ap-
proach one another as they near the median sagittal plane, briefly
making contact just dorsal to the parabasisphenoid rostrum (Figs.
4, 8D, E, 9H, 10A, 11, 16). The dorsal margin of the posterolat-
eral lamina shares a short contact with the descending process
of the parietal before curving anterolaterally toward the capi-
tate process (Fig. 9J). The latter process is anteroposteriorly thin

in S. clarki and, in contrast to the condition exhibited by most
other mesoeucrocodylians, it is not a rounded articular process,
nor does it fill a corresponding depression on the ventral surface
of the laterosphenoid. Rather, it projects into a shallow slot on
the posterior surface of the orbital lamina of the postorbital, near
the intersection of its anteromedial and descending processes
(Figs. 8C, 9I, 10A, 15). The posterior margin of the posterolat-
eral lamina of the laterosphenoid meets the quadrate broadly
in a vertically oriented suture dorsal to the trigeminal foramen
(Fig. 16).

A very distinct tensor crest is located on the ventral half of the
cotylar crest just dorsal to the laterosphenoid contact with the
epipterygoid (Fig. 16). The tensor crest serves as the attachment
site for the M. tensor periorbitae, a component of the constrictor
internus dorsalis (CID) muscle group (Holliday, 2006). Dorsal to
this, the laterosphenoid of Simosuchus lacks a distinct impression
or crest (‘longitudinal oblique crest’ of Iordansky [1964] or ‘coty-
lar crest’ of Busbey [1989]), corresponding to the attachment site
for a muscle identified by Iordansky (1964) and Busbey (1989)
as the M. adductor mandibulae externus profundus, but more
recently by Holliday (2006, 2009) as the M. pseudotemporalis
superficialis.

In UA 8679, the epipterygoid is missing, thereby exposing the
cavum epiptericum and the ventral contact of the laterosphenoid
with the parabasisphenoid and pterygoid (Figs. 4, 7B, C, 9H–J,
16). The contact between the laterosphenoid and parabasisphe-
noid is narrow, with the laterosphenoid forming a mediolater-
ally narrow pedicle (‘body’ of the laterosphenoid sensu Holli-
day, 2006), an ossified derivative of the embryonic pila antot-
ica. It is on this pedicle that the remainder of the laterosphenoid
rests (Fig. 16). Medial to the pedicle, a ventrolaterally facing fora-
men, which transmitted the oculomotor nerve (CN III), is present
(Figs. 9H, 16). Dorsolateral to the oculomotor foramen, a very
small foramen pierces the anterior surface of the laterosphenoid
roughly at the midpoint of the tensor crest; this foramen repre-
sents the exit for the trochlear nerve (CN IV) (Figs. 8D, 9H).
Ventral to the oculomotor foramen there is yet another even
smaller foramen that itself sits within a shallow depression on
the parabasisphenoid and transmitted the abducens nerve (CN
VI) (Fig. 9H). A shallow groove extends anterodorsally from the
trochlear foramen along the lateral part of the anterolateral lam-
ina of the laterosphenoid.

The trigeminal foramen exits into a deep fossa that the trigem-
inal (Gasserian) ganglion would have occupied (Fig. 16). This
fossa is bordered posterolaterally by the dorsal primary head of
the quadrate, dorsomedially by the laterosphenoid and prootic,
and anteriorly by the epipterygoid and a small portion of the dor-
sal process of the pterygoid. In UA 8679, the epipterygoid is miss-
ing, thus exposing the small, dorsally directed pedicel on the dor-
sal process of the pterygoid for articulation with the epipterygoid,
and the corresponding ventrally directed articular pedicel on the
laterosphenoid (Fig. 16). With the epipterygoid in articulation
with these small pedicels, as it is on both sides of FMNH PR 2597
(Fig. 16), it forms the lateral wall of the cavum epiptericum and
serves to subdivide the deep fossa around the trigeminal foramen
into a large, anterolaterally directed maxillomandibular foramen
and a smaller ophthalmic foramen directed anteriorly and hidden
from view laterally by the epipterygoid itself. There is a small
notch in the dorsal surface of the rim of the maxillomandibular
foramen in UA 8679 and FMNH PR 2597 (Fig. 16) that likely cor-
responds to the path of the supraorbital nerve (Holliday, 2006).
A very small flange of bone from the laterosphenoid is associ-
ated with this notch. This small flange may be homologous with
the ‘caudal bridge,’ a novel structure of the laterosphenoid re-
cently described by Holliday (2006). Conversely, this flange in S.
clarki may simply be the result of a prominent rim to the maxil-
lomandibular foramen and the notch formed by the path of the
supraorbital nerve.
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Prootics—The prootics are not exposed externally. However,
their internal structure, which is relatively well preserved in the
holotype (UA 8679) of Simosuchus clarki, is readily visualized in
HRXCT scans (Fig. 19).

The prootic of S. clarki is typically crocodyliform in its overall
shape. It shares a posteriorly inclined contact with the opisthotic
portion of the otoccipital and forms the anterior half of the tym-
panic bulla. The anterior semicircular canal can be seen arch-
ing anterolaterally, through the prootic, and then terminating in
the region that would have been occupied by the anterior am-
pulla. The metotic fissure incises the posteroventral margin of
the prootic below the tympanic bulla. At the anterior end of the
metotic fissure, a small foramen corresponding to that for the
glossopharyngeal nerve (CN IX) pierces the prootic. Dorsal to
this foramen, a larger one, for the vestibulocochlear nerve (CN
VIII), is present at the base of the tympanic bulla. Anterior to
these two foramina, the facial nerve (CN VII) exits through the
prootic. Finally, the prootic forms the posterolateral boundary
of the foramen for the trigeminal nerve (CN V). Dorsal to the
trigeminal foramen, the prootic shares a long, posteriorly slanted
contact with the laterosphenoid, with the dorsal-most surface of
the prootic contacting the parietal.

Parabasisphenoid—As in other crocodyliforms, the endochon-
dral basisphenoid is fused together with the dermal parasphenoid
in Simosuchus clarki. Thus, here and throughout our description,
we recognize the compound nature of this element by referring
to it as the parabasisphenoid.

The parabasisphenoid (Figs. 1B, C, 3, 4, 15, 20) has almost no
exposure along the floor of the braincase. In both lateral and pos-
terior views of the latter, it is not visible (Figs. 4, 6). Only in
ventral view is the contribution of the parabasisphenoid to the
floor of the braincase evident, in which it is visible as a small strip
of bone measuring ∼20 mm transversely and ∼6 mm anteropos-
teriorly between the basioccipital and the dorsal process of the
pterygoid (Fig. 3). This contrasts with the broad ventral exposure
of the parabasisphenoid exhibited by many other basal mesoeu-
crocodylians (e.g., Araripesuchus tsangatsangana, Hamadasuchus
rebouli, Mariliasuchus amarali, Sphagesaurus huenei). However,
it is common among notosuchians for the parabasisphenoid to be
visible only in ventral view due to the strong anteroventral incli-
nation of the occipital surface. This is particularly evident in taxa
such as Malawisuchus mwakasyungutiensis, Mariliasuchus amar-
ali, and Notosuchus terrestris.

The anterior contact between the parabasisphenoid and the
dorsal process of the pterygoid is M-shaped in ventral view due
to a thin, posteriorly directed crest running along the ventral mid-
line of the dorsal process of the pterygoid; this crest serves to
subdivide the parabasisphenoid into two discrete lobes as it ex-
tends toward its anterior border (Fig. 3). The exoccipital por-
tions of the otoccipital do not contact the parabasisphenoid and
the pterygoid process of the quadrate shares only a much ab-
breviated contact with it anteromedial to the lateral Eustachian
foramen (Figs. 3, 8G, 9H, I, 15). The entire ventral exposure of
the parabasisphenoid is anteroposteriorly narrower than that of
the basioccipital (Fig. 3), and it rests in a raised area anterior
to the median Eustachian opening (foramen intertympanicum)
(Figs. 3, 7A, B, 17C, 19). The median and lateral Eustachian

foramina are situated completely between the parabasisphenoid
and basioccipital (Figs. 3, 7A, B, 9I, 15, 19, 20), as in all mesoeu-
crocodylians except Mariliasuchus amarali and Sphagesaurus
huenei.

The parabasisphenoid rostrum (cultriform process) is medio-
laterally compressed and dorsoventrally short (Figs. 4, 8F). On
either side of the rostrum, the contact between the parabasisphe-
noid and laterosphenoid is relatively short. Ventral to the oculo-
motor foramen in the superjacent laterosphenoid, a foramen for
the abducens nerve (CN VI) pierces the parabasisphenoid (Fig.
9H); it is very small and is surrounded by a shallow depression.
As in extant crocodylians, the path of CN VI begins ventral to
the trigeminal foramen on the internal surface of the cranial cav-
ity. Specifically, it enters posteriorly into the parabasisphenoid
near the lateral margin of the dorsum sellae and proceeds ante-
riorly lateral to, and paralleling, the path of the internal carotid
artery (Fig. 19B, C). The abducens canal shifts laterally prior to
exiting the parabasisphenoid in the shallow depression described
above.

On the dorsal surface of the dorsal process of the pterygoid,
lateral to the parabasisphenoid rostrum, a flange of bone from
the pterygoid extends posteriorly up onto the braincase, contact-
ing the dorsal surface of the pterygoid process of the quadrate
laterally and overlying the parabasisphenoid dorsally. Near the
intersection between the parabasisphenoid, the body of the lat-
erosphenoid, and the dorsal process of the pterygoid, a small
pedicel is formed on the dorsal surface of the latter for articu-
lation with the epipterygoid (Fig. 16).

Basioccipital—The basioccipital (Figs. 1B, E, 3, 6, 15, 20A, B)
is subtriangular in shape and forms nearly all of the posteroven-
trally directed occipital condyle. The neck of the occipital condyle
is not constricted, thus rendering it indistinct, and the posterior
surface of the condyle exhibits a shallow, mid-sagittal apical de-
pression (Figs. 3, 6, 20A, B).

The median Eustachian (intertympanic) foramen is relatively
large, as is common among basal mesoeucrocodylians, and is sit-
uated between the basioccipital and parabasisphenoid, centered
at the base of the basioccipital (Figs. 3, 7A, B, 15, 19A, 20A, B).
In ventral view, the lateral Eustachian foramina are partially ob-
scured by the basal tubera and anterolateral extensions of the ba-
sioccipital plate (Fig. 3). The actual openings are oval in shape,
with their long axes oriented from anteromedial to posterolateral
(Fig. 20B). Because the foramina are deeply recessed, a canal
incises the parabasisphenoid as the Eustachian tubes are trans-
mitted to the pharynx. Due to asymmetry in the parabasisphe-
noid, it appears on the right side of UA 8679 that the pterygoid
process of the quadrate forms the lateral margin of the lateral
Eustachian foramen. However, HRXCT scans clarify this pecu-
liar morphology, demonstrating that indeed a small projection
of bone from the parabasisphenoid projects dorsally, separating
the pterygoid process of the quadrate from the margin of the
foramen.

The ventrolateral corners of the basioccipital form the medial
one-quarter of the small but moderately developed basal tubera
(Figs. 3, 6, 9J, 15, 20A, B). These are marked by extensive sur-
face rugosity, which is continuous with that present along the
ridge formed by the ventral edge of the basioccipital plate. This

← FIGURE 19. Internal structures within the braincase of Simosuchus clarki, as seen in medial cutaway views through a three-dimensional digital
reconstruction of the skull and lower jaw of the holotype (UA 8679) generated from HRXCT scans, as seen from the median sagittal plane (A)
and from two parasagittal planes passing through the posterior (B) and anterior (C) portions of the abducens canal. In this reconstruction, remaining
matrix has been removed digitally so as to provide unobstructed views of unprepared internal regions of the skull. Note the bony partition between the
anterior and posterior branches of the median Eustachian tube (asterisk in A, B, and C) and the foramen through which the parietal and supraoccipital
sinuses communicate (dotted oval in C). The relatively large subrhomboidal aperture in the wall of the braincase dorsal to the metotic fissure does not
represent a natural fenestra. See Appendix 1 for anatomical abbreviations.
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FIGURE 20. Basicranium of the holotype (UA 8679) of Simosuchus clarki, showing the occiput and its foramina, as well as the median and lateral
Eustachian foramina. Photographs in A, posteroventral; and B, anteroventral views. See Appendix 1 for anatomical abbreviations.
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ridge is most highly rugose just posteroventral to the median Eu-
stachian foramen, where it is elaborated into two small ventrally
projecting processes divided by a shallow divot (Figs. 3, 6, 20A,
B). Running posterodorsally from each of these processes is a
low, rounded ridge extending to the base of the occipital condyle
(Fig. 3). Between these two (left and right) parallel ridges, the
surface of the basioccipital is weakly excavated to form a shallow,
longitudinally oriented sulcus. Near the anteroposterior midpoint
of this sulcus, but slightly nearer to the occipital condyle than to
the median Eustachian foramen, there is a small but distinct fora-
men (Figs. 3, 20) that may correspond to the remnant of the cran-
iopharyngeal duct. However, HRXCT scans of the skull of UA
8679 show this foramen leading to a channel in the basioccipi-
tal that opens on the internal surface of the braincase well poste-
rior to the hypophyseal fossa (Fig. 19A), the structure from which
the duct should be traveling if it were indeed the craniopharyn-
geal duct. This raises the possibility that this foramen and its as-
sociated canal served to transmit an emissary vein, perhaps one
associated with the ventral longitudinal dural venous sinus (see
‘Cranial Endocast’ [below]). Laterally adjacent to the anterior
end of each of the two longitudinal ridges mentioned above, and
bordered laterally by the ipsilateral basal tuber, is a shallow trian-
gular depression (Fig. 3). Extending posterodorsomedially from
each basal tuber for a distance of ∼5 mm along the basioccipital-
otoccipital suture is a low ridge, itself bordered medially by a
small amygdaloid depression.

Owen (1850) was the first to describe the complex Eustachian
system present in living crocodylians. Complementing this de-
scription was Colbert’s (1946) brief discussion of the system
and illustration of a cast of the system in Crocodylus acutus.
These two descriptions will serve as the basis for interpreting
the spaces within the parabasisphenoid and basioccipital of Simo-
suchus clarki (as visualized in HRXCT scans of the skull of UA
8679), which are so highly pneumatized as to be nearly hollow.

At the ventral midline, the median Eustachian foramen is ex-
traordinarily large, and served to transmit what is assumed to
have been an equally large median Eustachian tube. The median
Eustachian tube would have immediately divided into anterior
and posterior divisions, as evidenced by a thin sheet of bone sep-
arating an anterior recess housed in the parabasisphenoid from a
posterior recess housed in the basioccipital (Fig. 19A). The bony
division between the anterior and posterior chambers becomes
progressively better developed laterally (Fig. 19B, C). The su-
ture between the parabasisphenoid and basioccipital is evident
laterally in this bony wall between the chambers. The anterior
chamber would have accommodated the lateral branches of the
anterior division of the median Eustachian tube and the posterior
chamber would have accommodated the posterior division. The
two chambers remain divided until the level of the lateral Eu-
stachian foramen, at which point they connect to form the rhom-
boidal sinus. The canal for the lateral tube passes down from the
rhomboidal sinus, between the parabasisphenoid and basioccipi-
tal, connecting the sinus to the pharynx.

One of the primary structures passing through the rhomboidal
sinus would have been the internal carotid artery, as it extended
anteriorly toward the hypophyseal fossa. The internal carotid
artery would have entered the skull through the posterior carotid
foramen, passed through the bony cranial carotid canal, and then
entered the rhomboidal sinus and/or the ventral-most region of
the tympanic cavity. As it moved toward the midline, it would
have entered the anterior chamber within the parabasisphenoid
prior to exiting the cranial cavity. Here no osteological correlates
of the path of the artery are observed because it passed through
the pneumatic space of the skull. At the approximate level of exit
of the abducens nerve (CN VI) from the cranial cavity, the in-
ternal carotid artery re-entered the portion of the parabasisphe-
noid that forms the base of the dorsum sellae. The bony canal for
this portion of the internal carotid artery can be seen in HRXCT

scans passing ventromedial to the path of CN VI through the
parabasisphenoid before entering into the hypophyseal fossa.

Otoccipital—The otoccipital (Figs. 1B, C, E, 3, 4, 6, 15, 20A, B)
is a large, unpaired element that is derived through the complete
fusion of the left and right exoccipitals and opisthotics. It forms
a large portion of the occiput, which in Simosuchus clarki is sub-
divided into two distinct surfaces with differing orientations: a
posteriorly facing surface, formed dorsally by the supraoccipital
and the dorsal-most portions of the otoccipital, comprising ap-
proximately one-third of the occipital surface; and a posteroven-
trally facing surface, formed ventrally by the remainder of the
otoccipital and also the basioccipital, comprising approximately
two-thirds of the occipital surface (Figs. 3, 6, 7A–D, 19A–C, 20A,
B). The orientation and composition of this latter surface resem-
bles those seen in many notosuchians (e.g., Malawisuchus, Noto-
suchus).

Dorsally, the left and right halves of the otoccipital meet
above the foramen magnum, thus excluding the supraoccipital
from the margins of the latter (Figs. 6, 7A, B, 17D, 19A, 20A).
The portion of the otoccipital above the foramen magnum is
very constricted dorsoventrally, unlike the broader contact in
taxa such as Araripesuchus tsangatsangana, Baurusuchus salga-
doensis, and Notosuchus terrestris. In addition, it is slightly ru-
gose and projects posteriorly beyond the posterior margin of
the occipital condyle (Figs. 6, 7A, 19A). The otoccipital con-
tacts the supraoccipital in a wide V-shaped suture (Figs. 6, 20A).
The descending pillars of the otoccipital form the ventrolateral
margins of the foramen magnum and terminate at the dorsolat-
eral margins of the occipital condyle (Figs. 6, 19A, 20A). Lat-
erally, the otoccipital contacts the squamosal and the quadrate
(Figs. 3, 6, 8G, 9L–O, 15, 17D, 19A, 20A, B). The anteroven-
trolateral portions of the otoccipital are extraordinarily thin
and, on each side, wedge between the quadrate and basioccip-
ital (Figs. 3, 8G, 15, 20A, B). There is not an externally ex-
posed contact between the otoccipital and the parabasisphe-
noid. Consequently, the pterygoid process of the quadrate
contacts the anterolateral margin of the basioccipital along the
ventral margin of the braincase (Figs. 3, 20B). This morphology
is present to a varying extent in Mariliasuchus amarali, Maha-
jangasuchus insignis, and Zosuchus davidsoni. The ventral end
of the otoccipital lacks the enlarged ventrolateral process that is
present in most basal crocodyliforms and thalattosuchians (Clark,
1986).

On each side of the otoccipital, where the lateral edge of the
paroccipital process contacts the dorsal process of the ipsilateral
quadrate and the posterior descending lamina of the ipsilateral
squamosal, the otoccipital plays a major role in the formation of
the cranioquadrate canal (Figs. 3, 6, 7E, 8G, 9N, 20A, B), through
which the hyomandibular branch of the facial nerve (CN VII)
and lateral cephalic vein exited and the orbitotemporal artery
entered. As in many basal mesoeucrocodylians, the opening for
the cranioquadrate canal is located close to the lateral margin
of the skull, with only a small portion of the dorsal process of
the quadrate and posterior descending lamina of the squamosal
forming its lateral wall.

On each side of the occiput, the dorsal extremity of the otoc-
cipital forms a short, dorsally projecting postoccipital process that
makes up the ventral edge of the ipsilateral posttemporal fenes-
tra (Figs. 6, 20A). From this process, the dorsolateral margin of
the otoccipital curves ventrolaterally along its broad contact with
the squamosal. The lateral margin of the otoccipital forms a rel-
atively short paroccipital process, which does not extend later-
ally beyond the posterior opening of the cranioquadrate passage
(Figs. 3, 6, 8G, 9M–O, 14, 15, 20A, B). Similarly reduced paroc-
cipital processes are present in derived neosuchians (e.g., Go-
niopholis stovalli, Shamosuchus djadochtaensis, Isisfordia dun-
cani, Hylaeochampsa vectiana, Iharkutosuchus makadii). As in
most mesoeucrocodylians, the paroccipital process in Simosuchus
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clarki is semi-ellipsoidal in shape and relatively blunt. Its exposed
posteroventromedial surface is slightly rugose, bearing numerous
subtle striations that radiate distally toward its curved posterolat-
eral margin (Figs. 3, 6, 20A).

The ventromedial margin of each half of the otoccipital con-
tacts the ipsilateral dorsolateral margin of the basioccipital along
an anterolaterally slanting suture (Figs. 3, 6, 8G, 20A). At its
anterolateral terminus, the former makes up the lateral three-
quarters of a moderately well-developed and rugose basal tuber
(Figs. 3, 6, 7D, 9J, 15, 20A, B). The portion of the otoccipital
along this suture is weakly concave posteroventrally (due to its
conformation to the contours of the portion of the quadrate that
lies deep to it) and is pierced by four foramina (Figs. 3, 6, 20A, B).
The most medial and posterior of these foramina is large, located
just anterolateral to where the descending pillar contacts the base
of the occipital condyle; it served as the primary exit for the hy-
poglossal nerve (CN XII) (Figs. 7C, 9M). Lateral and slightly an-
terior to this posterior hypoglossal foramen, the otoccipital bears
two additional foramina. The more medial of these, the anterior
hypoglossal foramen, is smaller; it served as the exit for two of
the roots of CN XII (see description of internal path below). The
larger and more laterally placed of these two foramina served as
the exit for the vagal and glossopharyngeal nerves (CNs X and
IX) (Figs. 7D, 8G, 9L), as well as the sympathetic contributions
to CNs VII and IX (Iordansky, 1973). Both the vagal and anterior
hypoglossal foramina are surrounded by small, shallow, laterally
directed fossae (Figs. 3, 6, 20A, B). Lastly, the anteroventrolat-
eral corner of the otoccipital, immediately posterodorsolateral to
the basal tuber, is pierced by the foramen for the entrance of the
internal carotid artery (posterior carotid foramen) (Figs. 7D, 9K).

Internally, the otoccipital forms the posterior half of the lateral
wall of the braincase and tympanic bulla (Fig. 19A). Three small
foramina pierce the otoccipital along the ventral-most portion of
the braincase wall. These correspond to the intracranial exits for
the roots of CN XII. The posterior-most is the largest of these
three foramina and it re-emerges through the external surface of
the skull via the posterior hypoglossal foramen discussed above.
The anterior two foramina (of which only the more posterior is
visible in Fig. 19A) form separate canals through the otoccipital,
entering into the rhomboidal sinus before re-entering the otoc-
cipital bone through separate foramina. Within the otoccipital
these canals can be seen in HRXCT scans of the skull of UA 8679
to extend anterolaterally, nearly in parallel with one another, to-
ward the anterior hypoglossal foramen, into which they open.

Both left and right tympanic bullae are damaged in UA 8679.
Nevertheless, many important aspects of the morphology of this
region are preserved in this specimen. Ventral to each tympanic
bulla, the metotic fissure incises the anterolateral part of the otoc-
cipital (Fig. 19A). Dorsal to this, and visible just posterodorsal to
the damaged area of the tympanic bulla on each side of the skull,
a strikingly angular common crus of the anterior and posterior
semicircular canals is visible in HRXCT scans, in which it appears
to extend into the opisthotic portion of the otoccipital. Within the
otoccipital, the posterolateral arch of the posterior semicircular
canal is apparent on its path toward the posterior ampulla (Figs.
7C, 8F, 9M). Although nearly obliterated, the sutural contact be-
tween the prootic and the opisthotic portion of the otoccipital is
seen in HRXCT scans of UA 8679 to divide the tympanic bulla
into nearly equal anterior and posterior portions (Fig. 19A).

Supraoccipital—The supraoccipital (Figs. 1A, B, E, 2, 6, 14,
20A) is a wedge-shaped element that projects anteriorly to un-
derlie the posterior part of the parietal and laterally to contact the
otoccipital. It has only a very limited exposure along the dorsal
surface of the skull roof, appearing as a small but relatively wide
wedge of bone (∼5 mm in mid-sagittal anteroposterior length
and ∼22 mm in transverse width) along the posterior margin of
the dorsal lamina of the parietal (Fig. 2). However, its occipital
surface is more broadly exposed and resembles a wide, inverted

triangle (albeit one with a somewhat rounded base) in poste-
rior view (Figs. 6, 20A). This occipital surface is weakly concave
posteriorly but possesses a distinct nuchal crest, similar to those
seen in Anatosuchus minor, Comahuesuchus brachybuccalis, and
Notosuchus terrestris. Laterally, the supraoccipital forms a small
portion of the medial wall of the rudiments of the posttempo-
ral fenestra (Figs. 6, 20A). It does not, however, form any por-
tion of the small, dorsally directed postoccipital process (Figs.
6, 20A), unlike the condition in most other mesoeucrocodylians
(e.g., Araripesuchus gomesii, Lomasuchus palpebrosus, Mahajan-
gasuchus insignis).

Internally, the supraoccipital forms the posterior portion of the
cerebral cavity (Figs. 7A, B, 8D–F, 9M, N, 17C) but does not con-
tribute to the formation of the tympanic bullae (Fig. 19A–C); this
is similar to the condition in Araripesuchus, but unlike that in Al-
ligator and other crocodylians. Sagittal HRXCT slices through
the skull of the holotype specimen (UA 8679) reveal that the
supraoccipital projects strongly anteroventrally beneath the pos-
terior half of the parietal (Figs. 7A, B, 17C, 19A–C), and that this
wedge-shaped portion of the bone is relatively taller dorsoven-
trally, and less acutely tapered, than in derived crocodylians (e.g.,
Iordansky, 1973; Brochu, 1999). Nevertheless, the supraoccipital
of Simosuchus clarki exhibits the typically high level of pneuma-
tization seen in most mesoeucrocodylians (Fig. 19A–C). Notably,
S. clarki possesses a large transverse canal through the supraoc-
cipital, which connects the mastoid antra (peritympanic cavities)
on either side of the skull. This canal communicates posterolat-
erally through a second set of bilateral openings that lead back
into the otoccipital and the peritympanic space/Eustachian sys-
tem. Anteriorly, the pneumatic space of the supraoccipital com-
municates with a very large sinus within the parietal by way of a
pair of widely spaced openings (Fig. 19C). Similar openings are
present in the supraoccipital of crocodylians, but these appear to
be closer to the midline than in Simosuchus.

Semicircular Canals

Anterior Semicircular Canal—The anterior semicircular canal
(Figs. 7C, 8E, 9L, M, 19A), which lies at an angle of 49◦ relative
to the sagittal plane, is more triangular in shape than the typical
ovoid shape exhibited by extant crocodylians. This difference re-
sults primarily from two factors: (1) the boundary between the
dorsal wall of the vestibular cavity and the base of the common
crus (i.e., the junction between the anterior and posterior semi-
circular canals) is sharply angular in Simosuchus clarki, in con-
trast to the more gradual interface in extant crocodylians; and
(2) the course of the anterior canal as it arises from the com-
mon crus continues higher in S. clarki than in extant crocodylians,
and therefore must also turn ventrally more sharply and run a
straighter, more direct course toward the anterior ampulla. These
differences not only result in a more triangular anterior semicir-
cular canal path in Simosuchus, but also render the canal taller
relative to its width than in extant crocodylians. Although diver-
gent from extant crocodylians, this morphology is consistent with
that found in some other fossil crocodylomorphs, such as Jung-
garsuchus sloani and Araripesuchus gomesii.

Posterior Semicircular Canal—The posterior semicircular
canal (Figs. 7C, 8F, 9M, 19A), which lies at an angle of 44◦ rel-
ative to the sagittal plane, 91◦ relative to the ipsilateral ante-
rior semicircular canal, and 19◦ relative to the contralateral an-
terior semicircular canal, also shows a different shape than that
of the typical extant crocodylian posterior canal. Whereas the
crocodylian posterior semicircular canal is ellipsoidal in shape,
that of Simosuchus clarki is, again, taller relative to the width of
the canal and, because this difference in height is most promi-
nent at the end of the canal near the common crus, the overall
shape is ovoid. This difference in shape is further emphasized, as
in the anterior canal, by a more angular distinction between the
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common crus and the dorsal wall of the vestibular cavity. As for
the anterior semicircular canal, this morphology, although not
found in extant crocodylians, is seen in both Junggarsuchus sloani
and Araripesuchus gomesii.

Lateral Semicircular Canal—In contrast to the vertical semi-
circular canals, the lateral (horizontal) semicircular canal, which
lies at an angle of 95◦ relative to the sagittal plane (angled ven-
trolaterally), 99◦ relative to the anterior semicircular canal, and
104◦ relative to the posterior semicircular canal, is unusual among
crocodylomorphs due to its particularly circular appearance. Lat-
erally, this circular shape results from increased curvature of the
canal (relative to that seen in extant crocodylians) as it runs from
the lateral ampulla toward the posterior utricle. More medially,
however, this circular shape is due primarily to the reduced influ-
ence of the wall of the vestibular cavity on the course of the bony
canal. In extant crocodylians, the dorsal portion of the vestibular
cavity (i.e., the portion that passes through the plane of the lateral
semicircular canal) is more bulbous and therefore partially oblit-
erates the medial aspect of the lateral canal circuit; this is not
the case in Simosuchus clarki. This points to a likely difference
in the vertical position of the bulbous saccule within the vestibu-
lar cavity. However, the inner and middle ear regions ventral to
the plane of the lateral canal are poorly preserved in all avail-
able specimens of S. clarki, and thus the exact difference cannot
be determined with certainty. It is interesting to note that, in this
morphology, S. clarki does not resemble other crocodylomorphs,
and that, for example, Junggarsuchus sloani and Araripesuchus
gomesii more closely resemble the extant crocodylian condition.

Bones of the Splanchnocranium

Ceratobranchialia—One partial element of the hyobranchial
apparatus was preserved with the holotype specimen (UA 8679)
of Simosuchus clarki (Fig. 21). Such preservation, although in-
complete, is significant because the morphology of the hy-
obranchial apparatus remains unknown for the vast majority
of non-crocodylian crocodylomorphs. Although ossified hy-
obranchial cornua have been reported for a small number of
basal crocodylomorphs (e.g., Dromicosuchus grallator, Hespero-
suchus agilis, Litargosuchus leptorhynchus), basal crocodyliforms
(e.g., Protosuchus richardsoni), and basal mesoeucrocodylians
(e.g., Araripesuchus gomesii, A. tsangatsangana), these elements
have been described in detail only very rarely.

In extant crocodylians, the hyobranchial apparatus is relatively
simple in its overall morphology, consisting of a broad, unpaired
cartilaginous plate, generally identified as the basihyoid or cor-
pus hyoideum, and a pair of ossified cornua, generally identified
as ceratobranchialia I (e.g., Fürbringer, 1922; Edgeworth, 1935;
Gnanamuthu, 1937; Romer, 1956; Sondhi, 1958; Schumacher,
1973; Tanner and Avery, 1982; Cleuren and De Vree, 2000). Pre-
served hyobranchial cornua in fossil crocodylomorphs have been
identified alternatively as representing either ceratobranchialia I
(e.g., Clark and Sues, 2002; Sues et al., 2003) or ceratohyalia (e.g.,
Clark et al., 2000; Turner, 2006). With respect to the preserved
element in question in Simosuchus, we accept the consensus hy-
pothesis of homology that has arisen through broadly compara-
tive neontological investigations (e.g., Fürbringer, 1922; Tanner
and Avery, 1982), because these have involved extensive stud-
ies of not only the hyobranchial skeleton itself, but also the mus-
culature that attaches to the constituent elements of this skele-
ton. Thus, we identify this element in Simosuchus as a first cera-
tobranchial. More specifically, based on comparisons made with
other crocodylomorphs, both extant and extinct, we interpret this
preserved portion of bone as representing a nearly complete right
ceratobranchial I.

The portion of the first ceratobranchial preserved with UA
8679 is distinctively sickle-shaped; it is strongly curved in the
dorsoventral (i.e., sagittal) plane (Fig. 21A, B), and whereas its

FIGURE 21. Partial right first ceratobranchial of the holotype (UA
8679) of Simosuchus clarki. Photographs in (approximately) A, lateral;
B, medial; C, dorsal; and D, ventral views.

ventral margin is relatively blunt (Fig. 21D), measuring 2.3 mm in
mediolateral width at its thickest point, its dorsal margin is very
strongly tapered, thereby forming a relatively sharp edge along
the inner curvature of the element (Fig. 21C). The preserved por-
tion of bone exhibits a straight-line (i.e., chord) length of 28.7
mm, but measures ∼34.2 mm along its outer curvature and ∼27.7
mm along its inner curvature. It reaches its maximum dorsoven-
tral height near its center, where it is more than twice as tall as it
is wide, measuring 5.1 mm between its inner and outer margins.
However, it tapers significantly as it extends posterodorsally (Fig.
21A, B). Although the cornu is most strongly curved dorsoven-
trally, it also exhibits a more gentle mediolateral curvature as well
(Fig. 21C, D). Together, these two curvatures render the element
with an overall shape that mirrors very closely the curved ven-
tromedial margin of the posterior part of the right mandibular
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ramus (i.e., the portion of the lower jaw formed anteroventrally
by the medial edge of the central portion of the angular, and pos-
terodorsally by the anterior process and body of the articular)
(see below).

In addition to its general shape and size, several surface fea-
tures of the first ceratobranchial merit special emphasis. First,
near the center of the outer curvature of the cornu (i.e., where the
anteroventral half of the bone curves to meet its posterodorsal
half), there is a prominent tubercle that bears conspicuous mus-
cle scarring (Fig. 21A, B, D). Second, two even more prominent
areas of scarring are evident toward the anterior end of the cornu.
The first of these occurs in a narrow recess along the ventrome-
dial margin of the anterior two-fifths of the preserved portion of
the bone (Fig. 21B). The second, more or less continuous with
the first, extends broadly across the medial surface of the ele-
ment, nearly reaching its dorsal margin; however, although this
second area of scarring is more expansive than the first, it ap-
pears not to extend as far posteriorly. Finally, near the center of
the medial surface of this element, between the thickened por-
tion of its outer curvature (i.e., in the vicinity of the enlarged tu-
bercle described above) and its sharply tapered inner curvature,
there is a prominent fossa (Fig. 21C). Although the bony sur-
face within this depressed area appears relatively smooth when
examined macroscopically, microscopic examination reveals sub-
tle yet extensive muscle scarring throughout the floor of this
fossa.

Stapedes—Stapedes are not preserved in any known speci-
mens of Simosuchus clarki.

Epipterygoids—Recent work by Holliday (2006) and
Holliday and Witmer (2009) examining the orbitotemporal
region in crocodyliforms has revealed the apparent persistence
of an epipterygoid ossification long into the evolutionary history
of Crocodyliformes. These authors, based on their examination
of the skull of the holotype (UA 8679) of Simosuchus clarki,
posited the presence of an (unpreserved) epipterygoid bridging
the narrow gap present in this specimen between the laterosphe-
noid and the dorsal process of the pterygoid along the anterior
margin of the maxillomandibular foramen (CN V2+V3) (Figs.
4, 7C, 16). Complete preparation of the orbitotemporal region
of the head skeleton in a more recently discovered referred
specimen confirms this prediction.

The epipterygoids in this newly prepared specimen (FMNH
PR 2597) are relatively narrow and columnar in their general
shape (Fig. 16); in these respects, the epipterygoids of S. clarki
appear to be unique among the basal mesoeucrocodylians that re-
tain these elements (Holliday and Witmer, 2009). Each epiptery-
goid spans the gap between two distinct articular pedicels—one
near the ventral terminus of the cotylar crest of the laterosphe-
noid and one on the dorsal process of the pterygoid—and in so
doing, forms the lateral wall of the cavum epiptericum. Each
is widest dorsally and tapers slightly toward its ventral contact
with the pterygoid. In addition, each epipterygoid exhibits slight
mediolateral compression. On both the right and left sides of
FMNH PR 2597, the lateral surface of the epipterygoid is rela-
tively smooth; there is no apparent impression of the maxillary
division of the trigeminal nerve (CN V2) that would have passed
nearby.

The shape of the contact between the epipterygoid and lat-
erosphenoid is variable between the right and left sides of FMNH
PR 2597. On the right side it is weakly sinusoidal, with a zone
of poor ossification at the area of contact (Fig. 16). On the left
side the contact is ventrally convex, and no such zone of dimin-
ished ossification is evident. On both sides, however, a thin pro-
jection of bone extends posteriorly along the ventral edge of the
laterosphenoid-formed anteromedial rim of the trigeminal fora-
men. The articular pedicel for the epipterygoid on the dorsal pro-
cess of the pterygoid is wider on the right side than it is on the
left. The epipterygoid-pterygoid contact is slightly damaged on

the left side. The contact on the right side is an anteroventrally
sloping suture with no signs of interdigitation.

Quadrates—The quadrates (Figs. 1A–C, E, 2–4, 6, 11, 14–16,
20A, B) are relatively well preserved in the holotype (UA 8679)
of Simosuchus clarki, and HRXCT scans of the skull of this spec-
imen reveal these elements to be nearly completely hollow (Figs.
7D, E, 8E–I, 9H–N, 10A, 12, 17D). As in other crocodyliforms,
the anterodorsal region of the quadrate is divided into a medi-
ally inclined dorsal primary head and an anterodorsal process.
The dorsal primary head contacts the posterolateral lamina of the
laterosphenoid and the lateral surface of the prootic dorsomedi-
ally, before ultimately becoming continuous posteriorly with the
anterodorsal process by smoothly curving into the latter within
the temporal adductor chamber (Figs. 8E, 9K). The anterodor-
sal process is sutured along the anterior portion of its lateral face
to the medial surfaces of the anterior descending process of the
squamosal and the descending process of the postorbital (Figs.
4, 8E, 9J, K, 15). However, much of the anterodorsal process re-
mains exposed laterally, revealing a smooth external surface and
a free posterior margin that contributes greatly to the formation
of the otic aperture (Figs. 4, 11). This aperture is subelliptical in
shape in S. clarki, with its anteroventral margin more smoothly
rounded than its posterodorsal margin. The former is delineated
entirely by a semilunar emargination of the posterior margin of
the anterodorsal process of the quadrate (i.e., the otic incisure).
In contrast, the latter is formed dorsally by the anteroventral
margin of the posterior descending process of the squamosal,
and ventrally by the anterodorsal margin of the dorsal process
of the quadrate, the latter of which is oriented posterodorsally
in S. clarki (Figs. 4, 11). The dorsal process of the quadrate is ro-
bust and similar to corresponding processes present in other basal
mesoeucrocodylians such as Comahuesuchus, Notosuchus, and
Araripesuchus (A. tsangatsangana, A. gomesii). It is anteroposte-
riorly short (Figs. 3, 4, 7E, 8G, 15), resulting in the otic aperture
being positioned near the posterior margin of the skull. In this re-
spect, Simosuchus is more similar to Comahuesuchus, which also
has a very robust but anteroposteriorly short dorsal process. In
Araripesuchus gomesii, Malawisuchus, and Notosuchus, the dor-
sal process is anteroposteriorly longer and broadly separates the
otic aperture from the posterior margin of the skull.

The contact between the dorsal process of the quadrate and the
posterior descending lamina of the squamosal is oblique, sloping
steeply from anterodorsal to posteroventral along the length of
the suture (Fig. 4). This contact delimits the dorsal and lateral
borders of the anteroventral end of the cranioquadrate passage
(Figs. 3, 6, 7E, 8G, 9N, 15, 20A). A small preotic siphoneal fora-
men is located anterior to the otic aperture (Fig. 4). The lateral
surface of the quadrate bears a slightly depressed semilunar area,
demarcated by a subtle ridge immediately anteroventral to the
otic incisure, that surrounds the ventral margins of the otic aper-
ture and the siphoneal foramen (Figs. 4, 8F). This depressed area,
and the ridge that delineates it, terminates posteriorly, anterior
to the contact between the posterior descending lamina of the
squamosal and the dorsal process of the quadrate, near where
the latter diverges from the root of the anterodorsal process.

The distal portion of the body of the quadrate is short, ro-
bust, and directed anteroventrally (Figs. 3, 4, 6, 9K, 11, 12,
20A, B). In most respects, it is similar to those of other basal
mesoeucrocodylians (e.g., Araripesuchus gomesii, Anatosuchus,
Comahuesuchus). It is more strongly developed than in basal
crocodyliforms (e.g., Protosuchus), but less so than in some de-
rived notosuchians (e.g., Notosuchus, Baurusuchus salgadoensis),
or in derived neosuchians (e.g., Alligator mississippiensis, Gonio-
pholis stovalli, Rhabdognathus). The distal portion of the body of
the quadrate is subrectangular in frontal section (Fig. 8I), resem-
bling that of most other notosuchians and some more basal taxa
as well, such as Zosuchus. The medial hemicondyle extends fur-
ther ventrally than does the lateral hemicondyle and is separated
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from the latter by a relatively deep groove (Figs. 3, 4, 6, 9K, 20A,
B). The lateral hemicondyle is the larger of the two quadratic
hemicondyles in its mediolateral width. In posterior view, with
the skull held such that the cranial table is oriented horizontally,
the articular surface of the lateral hemicondyle is also oriented
horizontally (Fig. 6). The articular surface of this hemicondyle is
weakly convex (Fig. 20A, B). The medial hemicondyle is medi-
olaterally compressed and terminates ventrally in an acute angle
(Figs. 3, 6, 9K, 20A, B). The articular surface of the medial hemi-
condyle is even less convex than that of the lateral hemicondyle,
and is indeed nearly flat (Fig. 20A, B). Dorsal to the medial hemi-
condyle, a subtle rounded ridge emerges along the posterior sur-
face of the body of the quadrate and becomes more prominent
as it ascends toward the zone of contact between the paroccipital
process of the otoccipital and the posterior descending lamina of
the squamosal (Figs. 3, 6, 20A). Ultimately, this ridge becomes
continuous dorsally with the posterior margin of the dorsal pro-
cess, and thus effectively subdivides the posterior aspect of the
distal portion of the body of the quadrate. Lateral to this ridge,
the quadrate is weakly concave posteriorly, relatively wide, and
posteriorly facing. Medial to the ridge, however, the quadrate is
narrow and curves anteromedially to establish a dorsal contact
with the ventrolateral edge of the otoccipital; immediately ven-
trolateral to this contact, a foramen aereum pierces the quadrate
(Fig. 20A). Thus, the distal portion of the body of the quadrate
has two distinct faces in posterior view: a posterior one and a
medial one bearing the foramen aereum (Figs. 6, 20A). A pos-
terior quadrate ridge similar in size and position to the one de-
scribed above for Simosuchus is present in several other basal
mesoeucrocodylians, such as Malawisuchus, Mariliasuchus, and
Araripesuchus tsangatsangana.

The dorsomedial portion of the body of the quadrate contacts
the very thin ventrolateral portion of the otoccipital in a rela-
tively long suture (Figs. 3, 6, 8G, 15, 20A, B). The contact be-
gins anteroventral to the cranioquadrate passage and extends an-
teroventromedially toward the small basal tuber. Dorsal, lateral,
and posterior to the posterior origin of this suture, the dorsal pro-
cess of the quadrate is bordered by a short paroccipital process,
which forms the posterior and medial walls of the cranioquadrate
passage (Figs. 3, 6, 7E, 8G, 9N, 15, 20A, B). Due to the close
proximity between the external otic recess and the occipital sur-
face, the cranioquadrate passage is very short and the course it
traverses is almost entirely vertical.

Projecting anteromedially from the body of the quadrate is a
robust pterygoid process (Figs. 3, 6, 11, 15, 17D, 20A, B). At its
distal (anteromedial) end, it forms a mediolaterally wide interdig-
itating suture with the posterolateral end of the quadrate process
of the pterygoid (Figs. 3, 8G, 9H, 20B). It also establishes a far
less extensive contact with the small, ventrally exposed portion
of the parabasisphenoid (Figs. 3, 8G, 20B).

The anterior surface of the quadrate is concavo-convex, in that
it is anteriorly convex along its major axis (i.e., its dorsoventral
height) and anteriorly concave across its minor axis (i.e., its medi-
olateral width). Its long-axis convexity effectively divides this sur-
face into a dorsal half, consisting of the region of continuity be-
tween the dorsal primary head and anterodorsal process, and a
ventral half, comprised of the body of the quadrate and, to a
much lesser degree, the pterygoid process; the dorsal half faces
almost directly anteriorly, whereas the ventral half faces slightly
ventrally as well. Both the dorsal and ventral halves of this an-
terior surface are predominantly smooth. However, the lateral
half of the latter is marked distinctly by a well-developed curvi-
linear rugosity. This rugosity begins ∼5 mm medial to the dorsal
apex of the infratemporal fenestra and curves ventrally and gen-
tly laterally for a distance of ∼10 mm before ending at a point
∼3 mm medial to the posteroventral corner of the infratempo-
ral fenestra. Immediately distal to the ventral terminus of this
raised rugosity is a roughened, elongate depression that extends

∼3 mm further along this same trajectory (i.e., parallel to the syn-
desmosis between the lateral surface of the quadrate and the me-
dial surface of the ascending process of the quadratojugal). Col-
lectively, this curvilinear array of roughened bone corresponds
to ‘crest A’ of Iordansky (1964), which is present in most, but
not all, broad-snouted species of extant crocodylians (Iordansky,
1964:table 2); it represents the area of attachment for the lat-
eral lamina of the cranial adductor tendon (i.e., ‘A-tendon’ of
Iordansky, 1964; CATll of Busbey, 1989), which serves as a ma-
jor site of origin for both the M. adductor mandibulae externus
medius (MAMEM) and the M. adductor mandibulae posterior
(MAMP) (Iordansky, 1964; Schumacher, 1973; Busbey, 1989).
Furthermore, as noted by Iordansky (1964, 1973), this crest (and
other ones associated with the origins of various other portions
of the M. adductor mandibulae complex) is generally well devel-
oped only in relatively large adult crocodylians, and often absent
or very poorly developed in juvenile specimens. Thus, the pres-
ence of these crests in both UA 8679 and FMNH PR 2597 sug-
gests that both of these specimens represent adult individuals (see
also ‘Variation in Overall Size, Relative Proportions, and Onto-
genetic Maturity’ [below]).

Articulars—The articulars (Figs. 1C–E, 4, 6, 12, 17A, C, 22–28)
are well preserved on both sides of the lower jaw of the holo-
type (UA 8679) of Simosuchus clarki. Both articulars are also
preserved nearly completely and intact in the otherwise badly
crushed head skeleton of FMNH PR 2596 (although they are fully
visible only in CT scans, because both left and right elements re-
main partially surrounded by matrix in this specimen). However,
only fragments of the left articular are preserved with FMNH PR
2597.

Each articular, which represents the ossified and expanded
posterior-most portion of the embryonic Meckelian cartilage,
consists of a bulbous central portion, the body, from which two
prominent processes project: a strongly tapered anterior process,
and a broad, flat ventromedial process (Figs. 22–28). By far the
most conspicuous and functionally significant external feature of
the body of the articular is its broad, dorsally and dorsomedi-
ally oriented articular surface, the glenoid fossa (Figs. 22, 25,
27, 28), which receives the condyle of the quadrate to form the
craniomandibular joint. When viewed from a dorsal perspective,
the glenoid exhibits a nearly oval outline, with its major axis ori-
ented approximately perpendicular to the long axis of the skull
and lower jaw (Fig. 22). However, its three-dimensional shape is
far more complex.

Each glenoid fossa is effectively divided into two distinct facets
by a ∼45◦ angulation of its articular surface (Figs. 22, 25, 27, 28).
This strong angulation creates a prominent yet bluntly rounded
ridge that runs anteroposteriorly through the mediolateral cen-
ter of the fossa, thereby partitioning the glenoid approximately
equally into a dorsally facing lateral articular facet and a dor-
somedially facing medial articular facet. The articular surface of
the former is very slightly convex dorsally, whereas that of the
latter exhibits a subtle dorsomedial concavity (Fig. 9J, K); how-
ever, both are similar in being extremely smooth (except for sev-
eral small, isolated areas of erosion). The medioventrally slanting
medial articular facet, which receives the medial hemicondyle of
the quadrate, extends medially well beyond the remainder of the
body of the articular, thereby creating a conspicuous overhang
above the ventromedially projecting retroarticular process (Figs.
6, 9I–K, 22, 23, 25–28). A similar but more slender expansion of
the glenoid beyond the main portion of the body of the artic-
ular is also associated with the lateral articular facet, which re-
ceives the lateral hemicondyle of the quadrate; however, this ex-
pansion projects posteriorly rather than medially and emanates
only from the lateral half of the lateral facet (Figs. 22, 25, 28). As
in many other basal mesoeucrocodylian taxa (e.g., Anatosuchus,
Araripesuchus, Malawisuchus, Mariliasuchus, Notosuchus), the
glenoid fossa of Simosuchus lacks a transversely oriented pos-
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FIGURE 22. Lower jaw of the holotype (UA 8679) of Simosuchus clarki in dorsal view. A, photograph; B, interpretive drawing. See Appendix 1 for
anatomical abbreviations.

terior buttress, which in extant crocodylians is well developed
(Iordansky, 1973) and contributes significantly to the overall sta-
bilization of the craniomandibular joint by preventing anterior
translation of the lower jaw relative to the overlying skull and
thus effectively limiting motion at the jaw joint to simple rotation
within a sagittal plane (e.g., Cleuren and De Vree, 2000).

HRXCT scans of the holotype specimen (UA 8679) reveal that
the body of the articular is remarkably robust in its construction,
exhibiting an exceptionally dense packing of trabeculae, espe-
cially in the region immediately beneath the cortical bone form-
ing the articular surface of the glenoid fossa (Fig. 9J, K). In fact,
the only other region of the head skeleton exhibiting a similar
level of trabecular bone density is the occipital condyle (Figs. 7A,
B, 9M). (Such extensive internal reinforcement may explain the
surprisingly good level of preservation of both articulars in the
otherwise severely crushed head skeleton of FMNH PR 2596.)

Nevertheless, isolated regions within the body of the articular are
less densely trabeculated; these regions, concentrated primarily
medioventrally (Fig. 9K), are pneumatized, ultimately commu-
nicating with a small foramen aereum (Fig. 28). The foramen
aereum is located on the posterior aspect of the articular body,
∼3 mm ventral to the articular surface of the glenoid fossa, in
association with a sharp, posterodorsally projecting postglenoid
spine (Figs. 27, 28).

The anterior process of the articular projects anterolaterally
from the body (Figs. 12, 17C, 22, 23, 25, 28) and is far less
densely trabeculated than the latter (Fig. 9H). It exhibits a rel-
atively evenly rounded ventrolateral surface, which is received
by a complementarily shaped groove—the posterior extension
of Meckel’s groove—that runs along the ventromedial aspect of
the angular (Figs. 9H, 25, 28). In contrast, the exposed dorsolat-
eral portion of the anterior process is strongly angulated, bear-
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FIGURE 22. Continued.

ing a prominent medial longitudinal ridge running along the long
axis of the process, with the latter dividing this visible portion
of the process into distinct ventromedial and dorsomedial sur-
faces that diverge from one another at an angle of ∼100◦ (Figs.
9H, 25, 28). The anterior process tapers strongly as it passes
anterolaterally, but it terminates abruptly without tapering to a
sharp point; rather, the anterior-most tip of the process is squared
off (Fig. 25), leaving a small, roughened, subtriangular facet
that, in life, would have contacted the posterior end of Meckel’s
cartilage.

Although well visualized only microscopically under oblique
lighting, both the ventromedial and dorsomedial surfaces of the
anterior process of the articular exhibit subtle but relatively ex-
tensive areas of muscle scarring. Based on comparisons with ex-
tant crocodylians, we interpret the scarring along these two sur-
faces as representing areas of attachment for portions of the M.
pterygoideus posterior and M. adductor mandibulae posterior,

respectively (Iordansky, 1964; Schumacher, 1973; Busbey, 1989).
In addition, the longitudinal ridge that divides these ventrome-
dial and dorsomedial surfaces is itself conspicuously rugose, espe-
cially along its posterior half. Again by comparison with the con-
dition exhibited by extant crocodylians, we interpret the rugosity
along this longitudinal ridge as representing the area of attach-
ment for a portion of the mandibular adductor tendon (i.e., ‘X-
tendon’ of Iordansky, 1964; lamina posterior [MATlp] of Schu-
macher, 1973, and Busbey, 1989) that serves as the main site of
insertion for the deepest fibers of the M. adductor mandibulae
posterior.

Finally, extending ventromedially and somewhat posteriorly
from the body of the articular is the robust ventromedial process
(Figs. 6, 9J, K, 17A, 23–28). It is approximately semidiscoidal in
shape and forms the innermost, and by far the thickest, lamina
of a highly flattened, trilaminar retroarticular process (the middle
and outer laminae being formed by the ventromedial processes of
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FIGURE 23. Lower jaw of the holotype (UA 8679) of Simosuchus clarki in ventral view. A, photograph; B, interpretive drawing. See Appendix 1
for anatomical abbreviations.

the surangular and angular, respectively) (Figs. 6, 24, 27, 28). The
semicircular free posteroventral margin of the ventromedial pro-
cess of the articular is bluntly rounded, with the ventral portion
in particular being somewhat thickened and roughened (visible
on both sides of UA 8679 and on the exposed portion of the left
articular in FMNH PR 2596) (Figs. 6, 23, 26–28). However, no
such thickened or roughened areas are present along the anterior
edge of the process, which is nearly vertical in its orientation, but
with a slight anteromedially concave emargination (Figs. 23, 25,
26, 28).

The exposed face of the ventromedial process of the articu-
lar is oriented primarily medially, but also somewhat posterodor-
sally (Figs. 6, 25, 27, 28). It exhibits two distinct areas of muscle
scarring. The first, which is clearly visible macroscopically, is lo-
cated along its anteromedial margin (Figs. 25, 28). This area of
scarring extends dorsally to the junction between the ventrome-

dial process and the body of the articular, where it becomes most
strongly developed; here it even extends slightly anterodorsally
onto the ventral surface of the articular body. This pronounced
anteromedial scarring almost certainly represents the area of at-
tachment for one of the major tendons of the M. pterygoideus
posterior (i.e., semi-ring tendon of Iordansky, 1964; aponeurosis
six of posterior pterygoideus tendon of Schumacher, 1973; lam-
ina superior of posterior pterygoideus tendon [PPTls] of Bus-
bey, 1989). In addition to this heavily scarred area anteriorly,
a second, less conspicuous but more expansive, area of scarring
is evident posteriorly, with microscopically visible striae fanning
out along the posterior one-third of the process toward its semi-
circular free posteroventral margin. These more subtle muscle
scars likely correspond to the area of insertion of the M. depres-
sor mandibulae (Iordansky, 1964; Schumacher, 1973; Busbey,
1989).
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FIGURE 23. Continued.

Dermal Bones of the Lower Jaw

Surangulars—The surangulars (Figs. 1A, C–E, 2, 4, 6, 12, 17,
22–29) exhibit a relatively simple gross morphology, with each
consisting of a relatively long, arched ramus anteriorly and a
much shorter, flattened ventromedial process posteriorly. How-
ever, detailed examination of this bone reveals a remarkable level
of fine-scale anatomical complexity.

The posterior origin of the ramus of the surangular lies at a
level approximately coincident with a transverse plane passing
through the posterior margin of the glenoid fossa of the artic-
ular (Figs. 6, 22, 25, 27, 28). From this point, it extends anteri-
orly, gently arching dorsally above the angular, to ultimately in-
sinuate itself between the posterodorsal process of the dentary
(laterally) and the medial lamina of the splenial (medially) (Figs.
9E, 17, 22–28). Throughout most of this course, the overall cross-
sectional shape of the ramus is roughly ovoid (Fig. 9G). How-
ever, as it ascends anterodorsally toward its highest point (i.e.,
‘coronoid process’), located above the approximate anteropos-
terior midpoint of the external mandibular fenestra, it becomes

deeply grooved along its ventral surface (Figs. 9E, F, 17B, 29A).
This groove, which almost certainly accommodated the mandibu-
lar nerve (CN V3) posteriorly as it descended into the mandibular
adductor fossa (Poglayen-Neuwall, 1953; Schumacher, 1973), and
then the entire ventral alveolar neurovascular bundle more ante-
riorly (Sedlmayr, 2002), effectively creates a pair of roughly par-
allel, sharp-edged, ventrally projecting flanges that descend from
the concave ventral surface of the ramus (Fig. 29A). The ventral
margin of the lateral one of these two descending flanges forms
the central portion of the dorsal margin of the external mandibu-
lar fenestra.

In addition to its dorsal curvature, the surangular ramus ex-
hibits two additional changes in shape as it extends anteriorly.
First, along its posterior half, it arches gently laterally, whereas
along its anterior half, it arches gently medially. The conspicuous
lateral curvature that results from this contributes significantly
to the overall ‘bowed-out’ appearance of the lower jaw in dor-
sal view (Fig. 22). (However, the surangular ramus does not bow
outward nearly as far as does the prominent ventrolateral flange
of the angular. [See below.]) Among other notosuchians, similar
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FIGURE 24. Lower jaw of the holotype (UA 8679) of Simosuchus clarki in right lateral view. A, photograph; B, interpretive drawing. See Appendix
1 for anatomical abbreviations.

lateral arching of the surangular is seen in Libycosuchus, Marilia-
suchus, and Notosuchus. Second, immediately anterior to its pos-
terior origin, as the ramus begins its anterodorsal ascension, it un-
dergoes a moderate degree of torsion along its longitudinal axis
such that its bluntly rounded dorsal margin rotates slightly me-
dially. Consequently, the lateral surface of the ramus is inclined
somewhat so as to face slightly dorsally as well (Figs. 9E–J, 17A,
B, D, 22, 26–28).

Except near its posterior-most end, where some light sculptur-
ing is present, the lateral surface of the surangular ramus con-
sists of unsculptured bone (Fig. 24). However, this smooth lateral
surface is perforated by numerous small-diameter neurovascular
foramina along its length (Figs. 22, 24, 28). These lateral suran-
gular foramina number three per side in the holotype specimen
(UA 8679), but cannot be counted fully in FMNH PR 2596 (al-
though at least one foramen is visible on the preserved and ex-
posed posterior portion of the right surangular ramus), FMNH
PR 2597 (although at least two foramina are visible on the un-
broken right surangular ramus), or in the incomplete right suran-
gular ramus preserved with FMNH PR 2598. The latter fragment
does, however, preserve nearly the entire anterior end of the
ramus—hidden from external view in the fully prepared articu-
lated specimens (UA 8679 and FMNH PR 2597)—thereby re-
vealing the presence of a well-developed dorsolateral recess to
accommodate the dorsal prong of the bluntly forked posterodor-
sal process of the dentary. HRXCT scans of UA 8679 clearly

confirm the presence of a similar dorsolateral recess at the an-
terior end of each surangular ramus in this specimen (Fig. 9E),
and lower-resolution CT scans of FMNH PR 2597 confirm a sim-
ilar morphology on the relatively well-preserved right surangular
in this specimen. (Indeed, slight displacement and/or breakage of
the posterodorsal process of the right dentary in this latter speci-
men renders a small portion of this recess visible externally.)

The medial surface of the surangular ramus exhibits two
prominent and functionally significant features. First, near its
posterior-most end, it bears a small but relatively well-developed
fossa (fully visible on both sides of the lower jaw of UA
8679 [Figs. 22, 25, 27, 28] and partially visible on the right
side of FMNH PR 2597, in which the lower jaw remains in
articulation with the skull). This fossa serves to accommodate the
lateral surface of the lateral hemicondyle of the quadrate (Figs.
6, 9K), thus augmenting the already relatively extensive articular
surface area of the primary craniomandibular joint, formed be-
tween the quadrate and articular, as well as providing resistance
against medial displacement of the latter relative to the former.
Second, further anteriorly, as the surangular ramus approaches
its highest elevation, a much more conspicuous feature begins to
develop along its medial surface, one that extends anteriorly to
where the ramus is overlapped medially by the medial lamina of
the splenial, and ventrally to the free edge of the medial descend-
ing flange formed by the groove for the mandibular nerve. Here
an extensive and elongate area of conspicuous longitudinal stria-
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FIGURE 25. Left mandibular ramus of the holotype (UA 8679) of Simosuchus clarki in medial view. A, photograph; B, interpretive drawing. The
mandibular symphysis in A is digitally simulated from a median sagittal HRXCT slice through the lower jaw of this specimen. See Appendix 1 for
anatomical abbreviations.

tions forms a roughened and well-demarcated facet, or ‘coronoid
tuberosity’ (Schumacher, 1973) (Figs. 23, 25, 27, 28). In living
crocodylians, this represents an area of contact for the cartilago
transiliens (Fig. 9F), a functional ensemble of two loosely con-
nected cartilaginous disks surrounded by a thick layer of fibrous
connective tissue (fibrous ‘pillow’ or ‘cushion’ of Iordansky, 1964,
1973), which collectively serves as the common site of insertion
for several major tendons of the M. adductor mandibulae com-
plex (Iordansky, 1964; Schumacher, 1973; Busbey, 1989; Cleuren
and De Vree, 2000). This contact area measures nearly 19 mm
anteroposteriorly by ∼5.5 mm dorsoventrally on both sides of the
lower jaw of UA 8679. Comparable measurements could not be
made on FMNH PR 2597 because the lower jaw remains artic-
ulated with the skull in this specimen; however, a similar area of
comparable size is partially exposed on the unbroken right suran-
gular of this specimen, with the remainder of the facet being hid-
den by the expanded distal end of the right transverse process
of the pterygoid. Similarly, this contact area is well preserved in
the fragmentary right anterior surangular ramus preserved with
FMNH PR 2598, but it cannot be measured accurately due to
breakage. On both sides of the lower jaw of UA 8679, and on the
surangular fragment preserved with FMNH PR 2598, the contact
area for the cartilago transiliens is bounded dorsally by a well-
developed longitudinal crest (Figs. 25, 27, 28). Based on the con-

dition(s) exhibited by extant crocodylians, this prominent crest
likely represents an area of attachment for anterolateral fibers of
the mandibular adductor (‘stem’) tendon and/or lateral fibers of
the fibrous capsule (‘pillow’ or ‘cushion’) of the cartilago tran-
siliens ensemble (Iordansky, 1964, 1973; Schumacher, 1973).

Immediately dorsal to the contact area for the cartilago tran-
siliens is a relatively well-demarcated area of muscle scarring
that extends for more than 20 mm anteroposteriorly along the
dorsal and dorsomedial surfaces of the gently arched dorsal-
most portion of the surangular ramus (i.e., ‘coronoid process’).
This area of muscle attachment is divided into somewhat dis-
tinct lateral and medial portions of approximately similar medi-
olateral widths by a subtle angulation—best visualized micro-
scopically under oblique lighting, but also discernible in HRXCT
scans of UA 8679 (Fig. 9F)—extending longitudinally along the
dorsomedial margin of this portion of the ramus. Again by com-
parison with living crocodylians, we interpret these lateral and
medial areas of muscle scarring as representing the areas of inser-
tion for the M. adductor mandibulae externus superficialis and M.
adductor mandibulae externus medius, respectively (Iordansky,
1964; Schumacher, 1973; Busbey, 1989; Cleuren and De Vree,
2000).

In addition to the lateral surangular foramina described above,
numerous foramina are also present along the ventral and me-
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FIGURE 26. Lower jaw of the holotype (UA 8679) of Simosuchus clarki in anterior view. A, photograph; B, interpretive drawing. See Appendix 1
for anatomical abbreviations.

dial aspects of the surangular ramus. On the ventral surface of
the ramus, in the roof of the prominent groove for the mandibu-
lar nerve, there is a single relatively large foramen leading into
a posteriorly directed canal, which can be seen on both sides
of the lower jaw of UA 8679 (Fig. 29A), on the unbroken right
surangular of FMNH PR 2597, and on the surangular fragment
preserved with FMNH PR 2598. In HRXCT slices through the
head skeleton of UA 8679, the canal into which this foramen
leads can be traced far posteriorly within both surangular rami;
on both sides, the canal can be seen to be confluent with nu-
merous smaller canals, emanating from the three dorsally placed
lateral surangular foramina, as well as from two small medial
foramina located very close to the posterodorsal margin of the
external mandibular fenestra. Thus, we interpret the large dor-
sal foramen and its associated canal as having transmitted an
early afferent trunk of the mandibular division of the trigem-
inal nerve, one which branched off immediately after the lat-
ter entered into its groove, and one which provided sensory in-
nervation to (at least in part) the skin along the dorsolateral
surface of the posterior half of the lower jaw. However, in ad-
dition to the small medial foramina described above, one sig-
nificantly larger medial foramen is found further posteriorly,
∼1 mm dorsal to the posterior part of the anterior process of
the articular (Fig. 25). This foramen, also confluent with the
main surangular canal described above, may have transmitted

sensory fibers innervating the capsule of the craniomandibular
joint.

Finally, projecting posteriorly, ventrally, and medially from
the posterior-most part of the surangular ramus is the ven-
tromedial process of the surangular (Figs. 6, 9K, 23, 24, 27,
28). It contributes to the formation of the highly modified, tril-
aminar retroarticular process of Simosuchus by insinuating it-
self between the medially placed ventromedial process of the
articular and the laterally placed ventromedial process of the
angular. This portion of the surangular, preserved only in the
holotype specimen (UA 8679), is largely hidden from external
view, being visible only along its ventromedially slanting pos-
terolateral edge. Near the root of this process, on the lateral as-
pect of the posterior-most part of the ramus, is one additional
lateral surangular foramen, significantly larger in diameter than
the three smaller ones described above; like the latter, how-
ever, it is confluent with the main surangular canal, and likely
transmitted small cutaneous branches of the mandibular nerve
that innervated the skin overlying the area surrounding the jaw
joint.

Angulars—The angulars (Figs. 1A, C–E, 2, 4–6, 12, 17, 22–29),
like the surangulars, each consist of a relatively long ramus ante-
riorly and a much shorter, flattened ventromedial process poste-
riorly. In fact, the angulars mirror the surangulars in several as-
pects of their morphology, including their somewhat deceptively
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FIGURE 27. Lower jaw of the holotype (UA 8679) of Simosuchus clarki in posterior view. A, photograph; B, interpretive drawing. See Appendix 1
for anatomical abbreviations.

simple gross appearance. However, the angulars do differ signif-
icantly from the surangulars in one very conspicuous way: each
bears a robust, sharp-edged flange that projects strongly ven-
trolaterally from the ramus along its entire length, a prominent
anatomical feature that adds considerably to the overall width
of the lower jaw, and indeed, to that of the entire head skeleton
(Figs. 2, 5, 6, 9C–H, 17A, B, D, 22, 23, 26–28, 29B, C).

The ramus of the angular originates posteriorly where it meets
the ventromedial process, an intersection that is oriented some-
what obliquely, beginning medially subjacent to the tip of the an-
terior process of the articular and extending laterally to the pos-
terior terminus of the ventrolateral flange (Figs. 6, 23–25, 27, 28).
From this posterior origin, the ramus extends anteriorly, forming
the ventral margin of the external mandibular fenestra laterally
(Figs. 5, 9E–G, 22, 24, 26, 28) and that of the mandibular adductor
fossa medially (Figs. 9G, 25, 28), before ultimately becoming em-
braced between the dentary (laterally) and the splenial (medially
and ventrally) (Figs. 5, 6, 9C, D, 12, 17A–C, 23–26, 28, 29B, C).
However, HRXCT scans of the head skeleton of UA 8679 reveal
that the angular ramus continues anteriorly well beyond these ini-
tial points of contact for a distance of more than 20 mm, hidden
from external view by—and maintaining continued syndesmotic
contact with—the surrounding dentary and splenial (Figs. 9C,
17A, B, 29B, C). (A similar anterior extension of the angular can

be seen within the left mandibular ramus in CT scans of the head
skeleton of FMNH PR 2597 as well.) Along this entire course, in-
cluding that portion anteriorly that is hidden from external view,
the angular ramus presents a prominently concave dorsal sur-
face with distinctly raised medial and lateral walls. The trough
that is formed by this dorsal concavity accommodated Meckel’s
cartilage. Indeed, it is continuous posteriorly with a dorsomedi-
ally facing groove that extends along the internal surface of the
ventromedial process of the angular to accommodate the ante-
rior process of the articular (Figs. 9C–H, 25, 28, 29B, C), which
represents an endochondral derivative of the posterior portion of
the embryonic Meckelian cartilage. Thus, the ramus of the angu-
lar forms the floor of Meckel’s groove throughout the mandibu-
lar adductor fossa (Figs. 9E–G, 25, 28, 29B, C), and the floor of
Meckel’s canal more anteriorly (Figs. 17A, 29C), with the walls
of the latter being formed by the ramus of the dentary laterally
and by the medial lamina of the splenial medially.

The angular ramus exhibits virtually no sagittal curvature
whatsoever, such as that seen in the dorsally arching surangular
ramus. Rather, it is almost perfectly straight when viewed medi-
ally (Figs. 12, 17C, 25). However, dorsal and ventral views reveal
a conspicuous yet relatively gentle lateral curvature of the ramus
(Figs. 22, 23, 29B, C). This curvature gives the ramus of the an-
gular a distinctive ‘bowed-out’ appearance, similar to that seen in
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FIGURE 28. Lower jaw of the holotype (UA 8679) of Simosuchus clarki in oblique posterodorsal view. A, photograph; B, interpretive drawing. See
Appendix 1 for anatomical abbreviations.
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FIGURE 29. Morphology of the lower jaw of Simosuchus clarki, as seen in frontal (horizontal) cutaway views through a three-dimensional digital
reconstruction of the head skeleton of the holotype (UA 8679) generated from HRXCT scans. In this reconstruction, remaining matrix has been
removed digitally so as to provide unobstructed views of unprepared internal regions of the lower jaw. A, ventral view from a frontal plane passing
through Meckel’s canal. B, dorsal view from a frontal plane passing through the posterior portion of the ventral alveolar canal. C, dorsal view from
a frontal plane passing through Meckel’s canal. (Note: ‘virtual preparation’ of this specimen has resulted in the digital deletion of portions of the
thinnest laminae of bone throughout the head skeleton, such as those that surround the nasopharyngeal canals and internal nares; these thin laminae
of bone are in actuality better preserved in this specimen than is depicted in this computer-generated reconstruction.) See Appendix 1 for anatomical
abbreviations.
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the surangular ramus. However, this effect is amplified greatly in
the contours of the angular due to its widely flaring ventrolateral
flange.

In general, the ventrolateral flange of the angular is one of the
most characteristic features of the head skeleton of Simosuchus
clarki, due in large part to the extent to which it flares laterally be-
yond the remaining margins of the skull and lower jaw, especially
posteriorly (Figs. 2, 5, 6, 9C–H, 17A, B, D, 22, 23, 26–28, 29B,
C). Adding further to its highly conspicuous nature is the heavy
sculpturing that it exhibits along its entire external surface, both
dorsolaterally (Figs. 5, 22, 24, 26, 28) and along the lateral mar-
gin of its ventral surface (Figs. 6, 23); this contrasts markedly with
the surfaces along the remainder of the angular ramus, which are
completely devoid of sculpturing (Figs. 6, 12, 17C, 23, 25, 28).

The ventrolateral flange essentially represents a highly elabo-
rated expansion of the ventrolateral portion of the angular ramus.
It originates posteriorly from a point located laterally adjacent to
the proximal part of the anterior process of the articular (Figs.
9H, 12, 17C, 22, 23, 28, 29B, C), and it extends anteriorly to the
posterior end of the syndesmosis between the ventral margin of
the ramus of the dentary and the lateral margin of the ventral
lamina of the splenial (Figs. 5, 9C, 17A, 23, 24, 26, 28). Along
this relatively long anteroposterior course (extending nearly 5 cm
both in UA 8679 and on the articulated left side of the mandible
in FMNH PR 2597), the shape and extent of the ventrolateral
flange vary considerably. Immediately anterior to its posterior
origin it abruptly flares laterally (and to a lesser extent ventrally),
very nearly reaching its maximum mediolateral width within the
first few millimeters of its length. This abrupt ventrolateral flaring
renders the flange with a strongly angled and nearly straight pos-
teroventrolateral border (Figs. 22, 23, 29B, C). Upon achieving
its near-maximum width, the ventrolateral flange extends ante-
riorly for a distance of nearly 2 cm without its width changing
significantly; thus, this segment of the flange appears to have a
nearly straight lateral margin in dorsal or ventral view, and one
that meets the strongly flared posterolateroventral margin at a
distinct angle (Figs. 22, 23, 29B, C). Finally, anterior to this rela-
tively straight segment, beginning at a point lying in a transverse
plane coinciding with the posterior tip of the ventral prong of the
dorsolateral process of the dentary, the lateral margin of the ven-
trolateral flange begins to deviate medially toward the main part
of the ramus. This tapering of the anterior 2.5 cm of the flange
creates a second angulation along its lateral margin, but one that
is considerably more subtle than the strong posteroventrolateral
angulation described above (Figs. 5, 22, 23, 29B, C).

The dorsolateral surface of the ventrolateral flange of the an-
gular is subtly concave, except along its tapered anterior end
(Fig. 26). Nevertheless, the flange as a whole exhibits a cross-
sectional shape closely approximating that of an obtuse trian-
gle, with its obtuse angle formed between its ventromedial and
medial sides (the latter being the junction between the flange
and the main portion of the ramus, a ‘side’ that is, of course,
not freely exposed) (Figs. 9D–G, 17B). In the holotype speci-
men (UA 8679) of S. clarki, this medial ‘side’ of the ventrolat-
eral flange—effectively representing its basal height—measures
7–8 mm dorsoventrally along most of its anteroposterior length,
giving the flange a tall, robust appearance (Figs. 17A, 26, 27).
However, it tapers rapidly as it extends ventrolaterally, thereby
forming a relatively sharp lateral edge (Figs. 5, 17A, 26). It bears
emphasis that, because this sharp lateral edge is created through
the acute intersection of two surfaces that are heavily sculptured,
so too is the edge itself; it is rough and irregular along nearly its
entire length (Figs. 22–24), having the texture of a finely serrated
(though relatively dull) knife blade.

Although both the dorsolateral and ventromedial surfaces of
the ventrolateral flange of the angular bear heavy sculpturing, the
morphology of this sculpturing differs markedly between these
two surfaces. That which covers the dorsolateral surface of the

flange is relatively similar to the sculpturing seen along the ex-
ternal surfaces of several of the more heavily ornamented dermal
roofing bones, such as the squamosal and prefrontal, consisting
of a seemingly near-random pattern of reticulating ridges of vari-
able shape with relatively deep pits and grooves interspersed be-
tween them (Figs. 22, 24, 28). In contrast, the sculpturing present
along the lateral edge of the ventromedial surface of the flange
is highly regular, consisting of an array of relatively straight and
roughly parallel (and thus non-reticulating) ridges running ap-
proximately perpendicular to the lateral margin of the flange,
with similarly straight grooves passing between these ridges (Fig.
23).

Scattered across the dorsolateral surface of the ventrolateral
flange of the angular, and largely recessed within the pits and
grooves created between the sculptured ridges that ornament this
surface, are numerous relatively small neurovascular foramina
(Figs. 24, 28). Although several of these can be readily seen exter-
nally, especially with the aid of a microscope, they are most easily
visualized (and counted) in HRXCT scans of the head skeleton
of UA 8679; in this specimen, at least 10 of these foramina are
present on each angular. Each of these foramina is associated
with a straight, posteromedially oriented canal that ultimately
enters into a larger central canal running throughout the length
of the angular ramus. Moreover, and further mirroring the con-
dition exhibited within the surangular, this main angular canal
communicates with the mandibular adductor fossa via a relatively
prominent foramen on the dorsal surface of the ramus (Fig. 29B,
C), located almost directly ventral to the somewhat larger corre-
sponding foramen on the ventral surface of the surangular ramus
(Fig. 29A). As for the neurovascular network running through-
out the surangular ramus, we interpret this system of foramina
and canals within the angular ramus and its associated ventro-
lateral flange as having transmitted sensory fibers from the skin
overlying the lateral surface of the lower jaw to the mandibular
division of the trigeminal nerve, most likely along with small ac-
companying arteries and veins.

Within the region of the mandibular adductor fossa, two addi-
tional features of the angular ramus warrant description. The first
of these is a sharp but low, dorsally projecting crest that originates
posteriorly near the root of the angular ramus and that extends
anteriorly along the lateral half of the floor of the adductor fossa
for a distance of ∼1 cm before terminating immediately poste-
rior to the prominent foramen described above (Figs. 9G, 25, 28,
29B, C). Along this relatively short anterior course, the crest also
arcs gently medially, thereby largely following the overall cur-
vature of the entire mandibular ramus in this region. This crest
represents the raised lateral wall of the posterior-most portion of
Meckel’s groove. It is seen on both sides of the lower jaw of UA
8679, and on the disarticulated right angular of FMNH PR 2597.
A second conspicuous feature in this region, located just 3–4 mm
medial to the lateral crest just described, is a marked elabora-
tion of the dorsomedial margin of the angular ramus. Here, along
the ventral margin of the mandibular adductor fossa, the dorso-
medial edge of the ramus is moderately elevated, greatly thick-
ened, and marked by extensive muscle scarring along its surface
(Figs. 9G, 12, 17C, 25, 28, 29B, C). This thickened area of the
ramus, which is well preserved only in UA 8679 (both sides), is
most well developed throughout the posterior one-third of the
adductor fossa; however, it does extend somewhat further an-
teriorly, gradually tapering throughout the middle one-third of
the fossa before disappearing altogether. Based on comparisons
with extant crocodylians, this tuberosity along the dorsomedial
margin of the angular ramus likely represents an area of inser-
tion for portions of the M. pterygoideus anterior (referred to as
the M. pterygoideus dorsalis by some authors; e.g., Lakjer [1926],
Witmer [1995], Holliday [2009]), as well as those portions of the
highly complex mandibular adductor tendon that arise within this
muscle (Iordansky, 1964; Schumacher, 1973; Busbey, 1989).
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The ventromedial process of the angular contributes the out-
ermost layer to the peculiar trilaminar retroarticular process of
Simosuchus (Figs. 6, 9K, 17A, 23–28). Although it is indeed rel-
atively long, and more extensively exposed than the ventrome-
dial processes of either the surangular or articular, it is by far the
thinnest (mediolaterally) of the three processes that make up the
retroarticular process. Its externally exposed surface, which faces
laterally, ventrally, and anteriorly, bears a relatively large cen-
tral concavity near its junction with the angular ramus, but then
becomes flat toward its rounded ventromedial end (Figs. 9H–K,
17A, 23, 24, 26). It appears smooth, both macroscopically and mi-
croscopically, along much of this exposed surface. However, its
anteroventromedial margin exhibits a rather distinctive area of
muscle scarring, characterized by relatively low but thick parallel
striae. These largely longitudinally oriented striae fan out some-
what toward the flattened distal end of the ventromedial process
of the angular, where it approaches the thickened, roughened,
and rounded posteroventral margin of the ventromedial process
of the articular. Based on comparisons with modern crocodylians,
this area of scarring almost certainly served as a site of insertion
for a portion of the M. pterygoideus posterior (referred to as the
M. pterygoideus ventralis by some authors; e.g., Lakjer [1926],
Witmer [1995], Holliday [2009]) (Iordansky, 1964; Schumacher,
1973; Busbey, 1989).

Coronoids—Coronoids are not preserved in any known spec-
imens of Simosuchus clarki. Moreover, no apparent bony sig-
natures are present anywhere along the surfaces of the dermal
bones circumscribing the mandibular adductor fossa (i.e., sple-
nial, surangular, angular) in any of the known specimens of this
species—including the exquisitely preserved holotype specimen
(UA 8679)—to suggest that coronoids were present in this taxon.
Indeed, among crocodyliforms, the presence of coronoids has
only been documented definitively within Crocodylia.

Splenials—The splenials (Figs. 1D, E, 5, 6, 12, 17, 22–28) are
well preserved only in the holotype (UA 8679) of Simosuchus
clarki, and even in this exquisitely preserved specimen, both of
these very thin bones show small, isolated areas of breakage. CT
scans of the head skeleton of FMNH PR 2596 reveal both sple-
nials to be badly crushed in this specimen, and only part of the
ventral portion of the left splenial is preserved in FMNH PR
2597.

The splenials are extraordinarily thin, sheet-like bones that
contribute to the formation of the mandibular/Meckelian canals
and to the delineation of the mandibular adductor fossae (Figs.
6, 7E, 8H, I, 9A–D, 12, 17A–C, 25, 27–29). Although they closely
approach the mandibular symphysis, they do not participate in
its formation (Figs. 6, 7A, 23, 26, 27). Each consists posteriorly
of relatively expansive medial and ventral laminae that meet one
another at a slightly obtuse angle along the ventromedial margin
of the mandibular ramus (Figs. 6, 9C, 12, 17A–C, 23, 25, 27). An-
teriorly, however, both laminae taper significantly. The medial
lamina tapers more abruptly, disappearing altogether near where
the mandibular ramus angles sharply medially (Figs. 12, 17C, 22,
25, 27, 28). In contrast, the narrowed ventral lamina continues
beyond this angulation, extending medially along the ventral as-
pect of the transversely oriented anterior portion of the mandibu-
lar ramus before tapering to a blunted point on the ventrolateral
edge of the enlarged symphyseal tubercle formed by the dentaries
(Figs. 6, 23, 26–28).

Viewing the mandibular ramus from an oblique posterodorso-
medial perspective, the thin sheet of bone that constitutes the me-
dial lamina of the splenial can be seen to exhibit a subtrapezoidal
outline, being slightly longer than it is tall, having a gentle semilu-
nar emargination along its posterior edge, and having an anterior
edge that slants steeply anteroventrally (Fig. 28). However, a pro-
nounced lateral flaring of the anterodorsal corner of the lamina
renders this sheet of bone non-planar, and the angulation created
through this flaring effectively divides the medial lamina into two

subtriangular regions of unequal size: a relatively large medially
facing one and a smaller dorsomedially facing one, with the latter
having an area approximately one-third that of the former (Figs.
25, 28). Both of these subtriangular surfaces are smooth and sub-
tly concave, and neither appears to be pierced by any foramina.

In addition to occupying two different planes, the two well-
delineated subtriangular areas of the medial lamina of the sple-
nial described above contribute to the overall structure of the
lower jaw in entirely different ways. The slightly emarginated
posterior edge of the medially facing surface of the lamina forms
the anterior margin of the mandibular adductor fossa (Figs. 17B,
25, 27, 28). Immediately anterior to this, the tall posterior por-
tion of this medial face forms the medial wall of the mandibular
canal (Figs. 8H, I, 9C, D, 17B, 27, 29), which transmitted both
Meckel’s cartilage (ventrally) and the ventral alveolar neurovas-
cular bundle (dorsolaterally). Further anteriorly, however, the
ventral alveolar neurovascular bundle separated from this com-
mon canal, passing into its own dorsolaterally placed canal within
the dentary at the anteroposterior level of the 11th mandibular
alveolus, and thus near the approximate anteroposterior mid-
point of the medial lamina of the splenial (Figs. 8H, 9C, 29).
Therefore, along the sharply tapered anterior portion of the me-
dially directed face of the medial lamina, this portion of the sple-
nial contributes only to the medial wall of Meckel’s canal (Figs.
8I, 9B, 17A, 29A, C). At its anterior terminus, this larger of the
two subtriangular surfaces of the medial lamina does not taper to
a sharp point; rather, its anterior apex exhibits a slight, anterome-
dially concave emargination that forms the posterolateral margin
of a well-developed notch for the anteromedial continuation of
Meckel’s cartilage (Figs. 17C, 25, 27, 28).

The dorsomedially facing subtriangular portion of the medial
lamina of the splenial does not contribute in any way to the for-
mation of either the mandibular canal or the Meckelian canal.
Instead, it flares laterally to form the medial wall of the poste-
rior, longitudinally oriented portion of the mandibular alveolar
groove, from the center of the ninth mandibular alveolus posteri-
orly (Figs. 5, 8H, 9C, D, 12, 17, 22, 25, 27, 28, 29B). Anteroventro-
medially, this dorsomedially facing portion of the lamina termi-
nates in a sharply tapered point immediately dorsal to the promi-
nent emargination at the anterior terminus of the medially di-
rected face of the lamina (Figs. 12, 17C, D, 22, 25, 28).

The ventral lamina of the splenial is approximately sickle-
shaped in ventral view, gradually tapering as it gently curves an-
teromedially toward the symphyseal region (Figs. 6, 23). This rel-
atively gentle curvature contrasts markedly with the sharp angu-
lation seen along the dorsal margin of the alveolar process of the
dentary (Figs. 5, 8H, 17D, 22–24, 26, 28). Near its posterior end,
immediately anterior to the mandibular adductor fossa, the ven-
tral lamina effectively forms a ‘subfloor’ of the mandibular canal;
from its junction with the medial lamina along the ventromedial
margin of the mandibular ramus, it extends laterally, underlap-
ping the true floor of the canal (formed by the anterior-most por-
tion of the angular ramus), before ultimately reaching the ven-
trolateral margin of the mandibular ramus, where it establishes
a syndesmotic contact with the ventral edge of the ramus of the
dentary (Figs. 9C, 17A, 23, 24, 26). Further anteriorly, however,
beyond the anterior terminus of the angular ramus (and the ori-
gin of the ventral alveolar canal), the ventral lamina of the sple-
nial does contribute (along with a prominent process projecting
medially from the ramus of the dentary) to the formation of the
true floor of Meckel’s canal (Fig. 9B).

Along its wide posterior part, the exposed surface of the ven-
tral lamina of the splenial is smooth and relatively featureless,
bearing only a shallow, longitudinally oriented concavity (Figs.
6, 23, 25). However, this shallow groove is continuous anteriorly
with a somewhat more prominent and well-defined fossa located
directly subjacent to the fourth through sixth mandibular alve-
oli (and thus in the region of angulation of the alveolar process of
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the dentary) (Figs. 6, 23, 25, 27). This fossa is delineated in part by
the anterolateral edge of the ventral lamina, which is significantly
thickened in this region to form a distinct curvilinear ridge. In ad-
dition, however, a similarly well-developed ridge serves to define
the posteromedial border of the fossa. Both of these surrounding
ridges present distinctly irregular, undulating margins indicative
of muscle and/or tendon scarring. Immediately posterior to the
posterolateral portion of this fossa is a very small, round fora-
men. Slightly further posterolaterally is a relatively deep groove,
also associated with a foramen, that extends longitudinally along
the ventral lamina for a distance of nearly 3 mm.

The ventral lamina of the splenial tapers rapidly as it extends
medially beyond the fossa just described (Fig. 23). As it does so,
it follows the dorsoventrally curved contours of a relatively wide
but shallow emargination that extends along the ventral edge of
the dentary in this region (Figs. 6, 9A, 26, 27). Ultimately, the
ventral lamina terminates in a slightly blunted point along the
ventrolateral edge of the expanded symphyseal tubercle formed
at the junction of the left and right dentaries (Fig. 23). Projecting
ventrolaterally from this terminal point is a relatively small but
distinct parasymphyseal spine (preserved only in UA 8679, and
distinctly larger on the right side of this specimen) (Figs. 7C, 23,
26, 27). Although the ventral lamina of the splenial does encroach
upon the ventrolateral margin of the symphyseal tubercle, it does
not contribute in any way to the formation of the mandibular
symphysis itself.

The extraordinarily broad ventral exposure of the splenial—in
particular, that of the posterior part of the ventral lamina, which
extends across the entire mediolateral width of the anterior por-
tion of the mandibular ramus—represents an autapomorphy of S.
clarki.

Dentaries—The dentaries (Figs. 1A, C–E, 2, 4–6, 17, 22–28)
are relatively well preserved on both sides of the lower jaw of the
holotype (UA 8679) of Simosuchus clarki, although both right
and left elements in this specimen exhibit numerous cracks. Both
dentaries are also preserved in FMNH PR 2596 and FMNH PR
2597; however, both elements are partially crushed and remain
largely surrounded by matrix in the former specimen, and those
of the latter specimen, although largely free of surrounding ma-
trix, exhibit considerable distortion and breakage, especially on
the right side. Nevertheless, due to its missing right splenial and
incomplete left splenial, FMNH PR 2597 offers many informative
views of the internal morphology of the dentaries.

The dentaries are the largest bones of the lower jaw, measuring
(in UA 8679) ∼73 mm mesiodistally along their dorsal margins
(i.e., including both their transversely and longitudinally oriented
segments) and ∼22 mm in maximum dorsoventral height. Each
consists of three primary parts: a strongly curved basal portion,
the ramus; a sharply angulated and dentigerous dorsal extension
of the ramus, the alveolar process; and a dorsoventrally tall and
bluntly forked posterodorsal process (Figs. 5, 6, 22–28). No pos-
teroventral process is present in S. clarki. The left and right den-
taries are sutured tightly together at the anterior midline, forming
a relatively firm and tall mandibular symphysis (Figs. 5, 6, 7B, 8H,
I, 22–29).

The ramus of the dentary constitutes the basal portion of this
complex element, from which both the alveolar and posterodor-
sal processes project (Figs. 5, 6, 22–28, 29A, C). Its ventral mar-
gin extends from the anterior terminus of the ventrolateral flange
of the angular to the mandibular symphysis. Along nearly this
entire course—except at the symphysis itself—it meets the an-
terolateral margin of the ventral lamina of the splenial in a tight
syndesmotic connection (Figs. 9B, C, 23, 26). Consequently, the
ramus of the dentary mirrors the splenial in exhibiting a strong
but relatively smooth anteromedial curvature (Figs. 8I, 23, 24, 26,
29A, C), rather than the more abrupt angulation seen dorsally
along the margins of the overlying alveolar process (Figs. 5, 8H,
17D, 22–24, 26, 28).

Although the ramus of the dentary is conspicuously expanded
at the symphysis to participate (along with its contralateral part-
ner) in the formation of a prominent ventroposteriorly directed
tubercle, it is shortest in dorsoventral height just laterally ad-
jacent to this tubercle. This is due in part to a gentle dorsal
emargination of the ventral surface of the ramus in this region
(Figs. 5, 6, 23, 26–28). Perhaps more so, however, it reflects the
great height of the superjacent alveolar process in the parasym-
physeal region required to accommodate the relatively long roots
of the anterior dentary teeth (Fig. 7A, C, D). Further laterally,
and especially posteriorly along the largely longitudinally ori-
ented portion of the dentary, where the roots of the teeth grad-
ually shorten somewhat, the dorsoventral height of the ramus
increases considerably. This gradual increase in the height of
the ramus (and correlated decrease in the height of the alveo-
lar process) may be visualized to some degree in the course of a
prominent sulcus that slants (from anteroventral to posterodor-
sal) across the lateral surface of the longitudinal segment of the
dentary (Figs. 24, 28). Although this sulcus is located slightly dor-
sal to the junction between the ramus and alveolar process, it
rather closely parallels this junction along most of its length (as
does the prominent angulation along the medial lamina of the
splenial [Figs. 27, 28], albeit slightly less faithfully). Also clear
when viewing the lower jaw in lateral view is that, as the ramus of
the dentary increases in height posteriorly, its dorsal portion ex-
tends posteriorly beyond its ventral portion (the latter terminat-
ing where it contacts the anterior end of the ventrolateral flange
of the angular) (Fig. 24); thus, even the posterior-most part of the
alveolar process of the dentary is supported by the ramus.

Although pierced by numerous neurovascular foramina (Figs.
5, 8H, 23, 24, 26, 28, 29C), the labial surface of the ramus of the
dentary is relatively smooth. However, two exceptions to this
generalization are seen in the symphyseal region. First, where
the left and right dentaries meet at the midline, the anterome-
dial edge of each ramus (and that of its superjacent alveolar pro-
cess) is drawn sharply anteriorly to form (together with its con-
tralateral partner) a distinct, vertically oriented crest that extends
nearly the entire dorsoventral height of the symphysis (Figs. 5,
8H, 17C, 23, 24, 26, 29). Second, immediately adjacent to this
symphyseal crest, the anteroventral surface of each ramus (and
that of its superjacent alveolar process) is subtly corrugated, ex-
hibiting several relatively low, horizontally oriented ridges that
extend laterally from the symphysis for a distance of several mil-
limeters (Figs. 17C, 23, 24, 26, 29A). These corrugations, which
appear most strongly developed on the right side of the symph-
ysis in UA 8679, are particularly evident in lateral view.

Across the predominantly transversely oriented anterior por-
tion of the lower jaw, the lingual surface of the ramus of the den-
tary is broadly exposed in posterior view (Figs. 6, 17B, 27, 28).
By far the most conspicuous feature seen in this area is the large,
bulbous symphyseal tubercle, which is formed by ventroposterior
expansions of the left and right dentary rami where they are su-
turally united at the mandibular symphysis (Figs. 6, 7B, 8I, 9A,
22, 23, 25–28, 29C). This prominent protuberance is preserved
only in the lower jaw of the holotype (UA 8679), and even in
this specimen it is slightly damaged, with the bone that consti-
tuted the central portion of its posterior surface having broken
away. However, the bony surfaces of the dentary rami on ei-
ther side of the symphyseal tubercle remain relatively well intact,
revealing the presence of several additional morphological fea-
tures in these areas. First, toward the ventral part of each ramus,
immediately adjacent to the symphyseal tubercle, is a shallow but
distinct parasymphyseal fossa (Figs. 6, 8I, 17C, 23, 27, 28, 29C).
Based on comparisons with living crocodylians, this fossa almost
certainly served as the primary site of origin for the M. genioglos-
sus (Gnanamuthu, 1937; Sondhi, 1958; Schumacher, 1973). Sec-
ond, lateral to the fossa just described, the ventroposterior
portion of the ramus forms a horizontally oriented recess that
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extends mediolaterally for a distance of several millimeters im-
mediately dorsal to the medial extension of the ventral lamina
of the splenial (Figs. 6, 9A, 12, 25, 27, 28, 29A, C). This re-
cess, together with the underlying portion of the splenial, effec-
tively represents an anteromedial continuation of Meckel’s canal,
which becomes incompletely enclosed in this region due to the
abrupt anterior termination of the medial lamina of the splenial;
thus, Meckel’s cartilage was left partially exposed here along its
posterior surface for a distance of several millimeters before it
once again became fully encircled by bone as it more closely ap-
proached the mandibular symphysis. Finally, laterally adjacent
to the symphyseal tubercle, several small foramina are preserved
(Figs. 6, 27, 28). On both the left and right dentary rami of UA
8679, these parasymphyseal foramina include a larger, medially
placed foramen, positioned ∼7 mm lateral to the midline, as well
as a smaller, more laterally (and dorsally) placed foramen, lo-
cated ∼11 mm from the midline. However, the foramina on the
left ramus are positioned slightly further dorsally than those on
the right ramus, with the latter actually being contained within
the dorsal part of the right parasymphyseal fossa. In addition, on
the left ramus only, a third foramen is present ∼1.5 mm medial
and ∼1.0 mm ventral to the smaller, more dorsolaterally placed
one of the two foramina just described.

HRXCT scans of the head skeleton of UA 8679 reveal the
presence of a well-developed process that projects strongly lin-
gually (and slightly dorsally) from the ventral edge of the labial
surface of the ramus of the dentary. Posteriorly, this process in-
sinuates itself between the lateral half of the anterior end of the
angular ramus (dorsally) and the lateral half of the ventral lam-
ina of the splenial (ventrally) (Fig. 9C). In doing so, it contributes
(along with the ventral lamina of the splenial) to the formation
of a ‘subfloor’ along the posterior-most part of Meckel’s canal
(the actual floor of the canal being formed by the dorsally con-
cave anterior extension of the angular ramus). Further anteriorly,
however, beyond the anterior terminus of the angular ramus, the
dorsal surface of this submeckelian process of the dentary comes
to form much of the true floor of Meckel’s canal, with only a rela-
tively small portion of the floor along the lingual side of the canal
being formed by the dorsal surface of the ventral lamina of the
splenial (Figs. 7E, 9A, B).

The alveolar process of the dentary projects predominantly
dorsally from the underlying ramus (Figs. 5, 6, 22–28, 29A).
However, along the largely transversely oriented anterior por-
tion of the bone, the alveolar process also flares somewhat an-
teriorly, increasingly so as it extends laterally (Figs. 5–7, 12, 17D,
22–25, 28). In contrast, along the largely longitudinally oriented
posterior portion of the bone, the alveolar process also flares
somewhat laterally, increasingly so as it extends anteriorly (Figs.
5, 9B, C, 17A, 22, 23, 26, 28). As a consequence of these differ-
ing orientations, the alveolar process as a whole appears strongly
angulated in dorsal view, with the complete mandibular dental ar-
cade describing three sides of an only very slightly rounded rect-
angle having a mediolateral width nearly twice its anteroposterior
length (Figs. 17D, 22, 28). This complete dental arcade consisted
of 28 functional teeth, with 14 having been accommodated by the
alveolar process of each dentary (Fig. 17D).

As in many other notosuchians, the roots of the teeth of each
dentary are accommodated largely within a continuous alveolar
groove (Figs. 5, 7C, 8H, 9A–D, 12, 17A, D, 22, 24–26, 28), with
only their bases being set into discrete and complete (though ex-
traordinarily shallow) alveoli (Figs. 8H, 29B). This mirrors the
conditions seen within the alveolar processes of both the premax-
illa and, to an even greater degree, the maxilla. Along the ante-
rior and predominantly transversely oriented part of the dentary,
the alveolar groove is situated between two nearly parallel, an-
terodorsally inclined laminae of the alveolar process: an anterior
one, termed here the labial lamina, and a posterior one, termed
here the lingual lamina (Fig. 22). This arrangement continues dis-

tally along the alveolar process, throughout the angulation at its
anterolateral ‘corner,’ up to the level of the ninth alveolus. Here
the lingual lamina—now positioned along the medial aspect of
the longitudinal segment of the alveolar process rather than along
the posterior aspect of its transverse segment—abruptly termi-
nates, and the medial lamina of the splenial abruptly ascends to
form the lingual wall of the remaining posterior portion of the
alveolar groove (Figs. 5, 8H, 9C, D, 12, 17, 22, 25–28). In con-
trast, the labial lamina—now positioned along the lateral aspect
of the longitudinal segment of the alveolar process rather than
along the anterior aspect of its transverse segment—continues to
extend posteriorly until it contacts the anterolateral edge of the
surangular ramus. As a consequence of this arrangement, the dis-
tal four dentary teeth are surrounded laterally by the labial lam-
ina of the alveolar process of the dentary, but medially by the
anterodorsal part of the medial lamina of the splenial.

Like its walls, the floor of the mandibular alveolar groove also
varies somewhat in overall morphology and composition along
its mesiodistal course. Mesially, and indeed throughout the en-
tire transversely oriented anterior portion of the dentary, the
floor of the groove is formed by the labial and lingual laminae
of the alveolar process simply curving gently to meet one another
near their bases, thus forming an anterodorsally concave region
of continuity between the two laminae (Figs. 7A, C–E, 9A, 12,
17C). Shallow alveoli along the concave surface of this interven-
ing sheet of bone serve to accommodate the bases of the roots
of the first through eighth dentary teeth (Figs. 8H, 29B). As de-
scribed above, however, the lingual lamina of the alveolar process
of the dentary is lost further distally, abruptly terminating imme-
diately after passing lateral to the anterior margin of the medial
lamina of the splenial (Fig. 8H). Thus, from this point posteri-
orly, the floor of the alveolar groove is formed entirely by a free-
ending subdental process that extends ventromedially from the
basal-most part of the labial lamina of the alveolar process of the
dentary to ultimately terminate in a simple abutting contact with
the lateral surface of the medial lamina of the splenial (Figs. 9C,
D, 17A). The concave dorsal surface of this subdental process
bears six shallow alveoli to accommodate the bases of the roots
of the ninth through 14th dentary teeth.

The floor of the mandibular alveolar groove effectively repre-
sents the junction between the alveolar process and the ramus
of the dentary. As such, it serves not only as a floor into which
the bases of the dentary teeth are implanted, but also as part
of the roof that overlaid Meckel’s cartilage. More specifically,
along the posterior part of its course, the ventral surface of this
bony partition forms much of the roof of the mandibular canal
(Figs. 9C, D, 29A), a common passageway through which both
Meckel’s cartilage and the ventral alveolar neurovascular bun-
dle would have passed. Further anteriorly, however, it forms the
roof of Meckel’s canal (Figs. 7, 9B, 12, 17A, 29A), which trans-
mitted the anterior portion of Meckel’s cartilage in isolation. The
confluence between the mandibular canal and Meckel’s canal is
located at the approximate anteroposterior level of the 11th alve-
olus, where a groove running along the ventrolateral aspect of the
subdental process leads into a fully formed independent canal for
transmission of the ventral alveolar neurovascular bundle (Figs.
8H, 9C, 29A, B). Anterior to this point, the ventral alveolar canal
follows a course along the labial aspect of the dentary, near the
junction between the ramus and the alveolar process (Figs. 7, 9B,
12, 17A, 29C). Along this entire course, the ventral alveolar canal
gives rise to numerous smaller canals. Some of these extend in a
labial direction to communicate with the prominent neurovascu-
lar foramina along the external surfaces of both the ramus and
alveolar process of the dentary (Figs. 5, 8H, 22–24, 26, 28, 29C);
these canals clearly transmitted cutaneous branches of the ven-
tral alveolar nerve, artery, and vein for distribution to the labial
gingivae and the skin overlying the anterior portion of the lower
jaw. Others of these small canals extend in a lingual direction to
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empty into the alveolar groove through its labial wall; these likely
transmitted dental and gingival branches of the ventral alveolar
nerve, artery, and vein to (partially) supply the lower teeth and
lingual gingivae. However, the latter structures also appear to
have been supplied in part by neurovasculature emanating from a
relatively prominent canal running throughout the lingual margin
of the floor of the alveolar groove (Figs. 9B, 12, 17A).

Finally, arising from the posterior-most part of the ramus of the
dentary (i.e., that portion which lies ventral to the posterior ter-
minus of the alveolar process) is the posterodorsal process (Figs.
5, 22, 24–26, 28). From this anteroventral origin, it extends pos-
terodorsally for a distance of ∼10 mm along the lateral surface of
the anterior part of the surangular ramus, its posteroventral edge
thereby forming the anterior two-fifths of the dorsal margin of
the external mandibular fenestra. The process terminates in two
short (2–3 mm) and somewhat blunt prongs—one dorsal and one
ventral—separated by a relatively wide V-shaped emargination.
Most of the mediolateral width of the dorsal prong is accommo-
dated within a well-developed recess along the lateral surface of
the anterior end of the surangular ramus (Fig. 9E). The lateral
surface of the posterodorsal process is entirely smooth and, un-
like both the ramus and alveolar process of the dentary, it lacks
neurovascular foramina (Fig. 24).

Dentition

Partial dentitions and associated teeth preserved with UA
8679, FMNH PR 2596, and FMNH PR 2597 collectively represent
nearly the complete dentition of Simosuchus clarki (Figs. 1B–E,
3–6, 11, 12, 17A, C, D, 22–28, 30, 31), consisting of 16 teeth in
each upper quadrant (five premaxillary and 11 maxillary) and 14
in each dentary, for a total of 30 teeth on each side (expressed
according to the dental formula 5/11/14 = 30). As such, Simo-
suchus has more teeth (in some cases, many more) than do most
other notosuchians for which complete or nearly complete den-
titions are known: Adamantinasuchus (3/7/7+ = 17+), Armadil-
losuchus (2/4+/6+ = 12+), Baurusuchus salgadoensis (4/5/10 =
19), Chimaerasuchus (2/4/? = ?), Malawisuchus (4/6/8 = 18), Mar-
iliasuchus (4/5/9 = 18), Notosuchus (4/7/10 = 21), Sphagesaurus
huenei (2/6/9 = 17), Sphagesaurus montealtensis (1/7/9 = 17), and
Yacarerani (4/6/10 = 20). The only clear exceptions to this gen-
eralization are Anatosuchus (6/19/21 = 46), Araripesuchus tsan-
gatsangana (5/11+/18 = 34+), Araripesuchus wegeneri (5/14/16 =
35), and Uruguaysuchus (4/12 or 13/17 = 33 or 34). In addition
to the three specimens of Simosuchus clarki that preserve teeth
in their jaws, 14 isolated teeth (UA nos. 9755–9761, 9854; FMNH
nos. PR 2591–PR 2595, PR 2600) from various parts of the den-
tition have been collected and referred to this species (see com-
plete list in Krause et al., this volume).

Tooth crowns are expanded mesiodistally, each with a slight
lingual concavity and labial convexity, and multiple cusps of vari-
able size arranged in a single longitudinal row (Figs. 30, 31).
In these respects, the crowns of Simosuchus somewhat resem-
ble those of Uruguaysuchus and Araripesuchus wegeneri, both of
which have mesiodistally expanded ‘spatulate’ crowns, each with
a prominent central portion (i.e., an incipient tripartite crown
morphology), on their posterior-most teeth. Most of the tooth

crowns of Simosuchus are generally tripartite, with each portion,
referred to here as ‘prongs,’ divided into variable numbers of
cusps, though partitioning of the crowns becomes less distinct in
the posterior (distal) dentition. Generally, there are seven cusps
on each crown of the upper dentition and eight or nine cusps on
each crown of the lower dentition, although in some cases an ac-
cessory cusp may be absent or additional small accessory cusps
are developed near the bases of some crowns. The cervical re-
gion supporting the crown of each tooth is strongly constricted
(as in many other basal mesoeucrocodylians), but then widens
into a labiolingually compressed and elongate root, with a height
two to three times greater than that of the crown.

The dentition is moderately heterodont, with considerable re-
gionalization related to the specific position of teeth within the
jaws; however, the degree of heterodonty in Simosuchus is signif-
icantly less than that exhibited by nearly all other notosuchians.
The subrectangular snout of Simosuchus differentiates upper and
lower tooth rows into two general regions: a wide, straight, trans-
verse portion at the front of the snout, and a short parasagittal
portion on each side of the snout. The transverse portion of the
upper tooth row consists of teeth from both premaxillae and the
first two teeth of each maxilla, for a potential total of 14 teeth
(if all are erupted and in place) across the anterior surface of
the snout. In the lower jaw, the corresponding transverse por-
tion consists of the first six teeth of each dentary, for a potential
total of 12 teeth. Crowns on both the upper and lower teeth from
this transverse region are strongly tripartite, with tall, centrally
positioned primary cusps. The transition between the transverse
tooth row and the parasagittal tooth row is rounded, but abruptly
so, such that it incorporates two alveoli in each corner of both
the upper and lower jaws. Tooth crowns from the laterally po-
sitioned distal tooth row are generally shorter and mesiodistally
longer, with greater uniformity in cusp size. A pattern of imbri-
cation is preserved in these distal teeth, with the distal cusp of
each crown overlapping the lateral (labial) surface of the mesial
cusp of the following tooth. This ‘en echelon’ arrangement could
conceivably be an artifact of preservation, but the frequency with
which it occurs suggests rather strongly that it represents the true
orientation of these teeth.

Premaxillary Dentition—Each premaxilla contains alveoli to
accommodate five teeth (Figs. 3–6, 11, 30A, H). (However, as
in both Mariliasuchus and Notosuchus, the premaxilla also con-
tributes to the mesial portion of the alveolus that accommodates
the first maxillary tooth.) In UA 8679, functional teeth are pre-
served in all positions but the first one in the left premaxilla, but
in only the first, second, and fourth positions in the right premax-
illa (though a developing tooth crown is preserved, sitting askew,
in the fifth position as well). The right premaxilla of FMNH PR
2596 preserves all but the second tooth; no teeth are preserved in
the left premaxilla. No premaxillary teeth are preserved on either
side of FMNH PR 2597.

The premaxillary teeth are symmetrically tripartite, with a to-
tal of seven cusps: three on the tall central prong and two each
on the shorter mesial and distal prongs (Fig. 30A, H). Although
the labial (anterior) and lingual (posterior) bases of the crowns
are both gently convex in occlusal view, the shape of the crown
changes at the bases of the prongs to convex labially but slightly

← FIGURE 30. Dentition of the holotype (UA 8679) of Simosuchus clarki. A, labial (anterior) view of left and right premaxillary and mesial-most
maxillary teeth. B, lingual view of left mesial and middle maxillary teeth. C, lingual view of right mesial maxillary teeth. D, lingual view of left and right
mesial dentary teeth. E, lingual view of left middle dentary teeth. F, lingual view of right mesial and middle dentary teeth. G, lingual view of 11th right
dentary tooth. H, composite interpretive drawing of labial views of premaxillary and maxillary teeth (above) and dentary teeth (below) preserved in
UA 8679, supplemented by those in FMNH PR 2596; transversely oriented premaxillary and mesial dentary teeth and longitudinally oriented distal
maxillary and dentary teeth are depicted as a continuous linear row projected onto a single plane. The three most distal maxillary and dentary teeth
are unknown and are here reconstructed. See Appendix 1 for anatomical abbreviations. Additional abbreviations: L, left; R, right; d, dentary tooth;
m, maxillary tooth; pm, premaxillary tooth.
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concave lingually. Deep vertical sulci separate the three prongs of
each crown on both the labial and lingual surfaces; these sulci are
generally deeper on the labial surface. The tall central prong of
each crown consists of a tall, centrally positioned, primary apical
cusp flanked on each side (mesially and distally) by a smaller ac-
cessory cusp expressed near the apex. Mesial and distal to this
central tricuspate prong are two bicuspate prongs. The mesial
prong has a dominant distal cusp, which, although large, does not
extend ventrally even to the level of the accessory cusps on the
central prong, and a miniscule mesial accessory cusp. Conversely,
the distal prong has a large mesial cusp and a relatively tiny distal
accessory cusp.

Maxillary Dentition—Each maxilla contains alveoli to accom-
modate 11 teeth (Figs. 3–6, 11, 30A–C, H). In UA 8679, func-
tional teeth are preserved in the first through fourth, sixth, and
seventh alveoli of the left maxilla, with visible unerupted teeth
present in the fifth and eighth alveoli. In the right maxilla, func-
tional teeth are present in only the first and third alveoli, with vis-
ible unerupted teeth present in the seventh and eighth alveoli. A
number of additional maxillary teeth are unerupted and remain
obscured by matrix in UA 8679; these are visible only in HRXCT
scans of this specimen. In FMNH PR 2596, the first five teeth are
preserved in the right maxilla. No teeth are exposed in the left
maxilla of FMNH PR 2596. A single poorly preserved tooth is
present in the fourth alveolus of the left maxilla of FMNH PR
2597; no teeth are present in the right maxilla. The bases of each
root are implanted in discrete alveoli, which merge to form a con-
tinuous alveolar groove along the ventral margin of the maxilla.
The first maxillary tooth (the sixth tooth distal to the midline) is
located at the contact between the maxilla and premaxilla, with
the medial half (or slightly less) of the first alveolus formed by
the premaxilla. As such, it is somewhat arbitrary whether to refer
to this tooth as the first maxillary tooth or the sixth premaxillary
tooth; we choose the former.

The first and second maxillary teeth are similar in shape to the
premaxillary teeth, being convex both labially and lingually at
their coronal bases but convex labially and concave lingually at
the bases of the separate prongs (Fig. 30A, C, H, 31A). Like the
premaxillary teeth, these first two maxillary teeth have strongly
tripartite crowns with tall central tricuspid prongs and mesially
and distally adjacent lower prongs (the only slight difference be-
ing that the mesial prong appears to be unicuspid, rather than
bicuspid, on the left first and second maxillary teeth). This sim-
ilar morphology between the premaxillary teeth and the mesial
maxillary teeth renders the entire transverse dental series nearly
homodont. The third maxillary tooth is also morphologically sim-
ilar to the premaxillary teeth, although the lingual side of its
coronal base is flat to slightly concave in occlusal view, and the
central prong of the crown has decreased in size relative to the
mesial and distal prongs (Fig. 30A–C, H). Furthermore, the ac-
cessory cusps on each prong have increased in size relative to the
primary cusp. The combined effect of these features, relative to
those on the first and second maxillary teeth, results in overall
greater uniformity in cusp height and size along the crown. The
tricuspate central prong continues to decrease in relative height
in the fourth position, with the apical cusp and its two accessory
cusps becoming nearly equal in size (Fig. 30B, H). The mesial
accessory cusp of the mesial prong of the left fourth maxillary
tooth, as for the first and second, is absent. The shape of the
base of the fourth maxillary tooth crown is distinctly concave lin-
gually and convex labially in occlusal view. The central prong of
the fifth and sixth crowns is mesiodistally long and low, with an
apical cusp only slightly taller than its two accessory cusps (Fig.
30B, H). The mesial and distal bicuspate prongs of these crowns
are similarly mesiodistally long, with the most mesial and distal
cusps increasing in relative size. The seventh and eighth maxil-
lary crowns are mesiodistally long and low, with a mesiodistal
length approximately twice their height. The shape of the tooth in

occlusal view, at the level of the bases of the prongs, is labiolin-
gually symmetrical, in contrast to the lingually concave shape of
more mesial teeth. Each cusp is approximately equal in size, sep-
arated by shallow sulci both labially and lingually, and can no
longer be grouped into distinct prongs as in the more mesial parts
of the dentition.

The pattern in the maxillary dentition is one in which the
crowns, beginning with a morphology similar to the premaxillary
crowns, become progressively longer (relative to width), lower,
and more homogenized, with each of the seven (or six) cusps
eventually becoming nearly equal in size (Fig. 30H). The miss-
ing distal-most three maxillary teeth can therefore perhaps be in-
ferred to have been similar to the eighth tooth in general mor-
phology.

Dentary Dentition—Each dentary contains alveoli to accom-
modate 14 teeth (Figs. 4–6, 22–28, 30D–H). Intact functional
teeth are present in the first, third through eighth, and 11th posi-
tions of the right dentary and first through third, fifth, and eighth
through 10th positions of the left dentary. The bases of each root
are implanted in discrete alveoli, which merge to form a continu-
ous alveolar groove along the dorsal margin of the dentary. The
pattern of crown morphology is similar to that seen in the upper
dentition, although each crown of the lower dentition typically
has nine, rather than seven, cusps, although some have only eight
(Figs. 30D–H, 31D–F).

The first six dentary teeth are morphologically similar, with
symmetrically tripartite, spatulate crowns with weakly crenulated
carinae (Fig. 30D, F, H). The bases of the crowns are, in occlusal
view, strongly convex labially and moderately convex lingually.
The central prong on each of the first six crowns consists of a tall
semiconical apical cusp flanked on each side by two small, labio-
lingually compressed, ridge-like accessory cusps. Mesial and dis-
tal to this central prong, each separated from the latter by deep
labial and lingual sulci, are the other two tricuspate prongs of the
crown. Each of these prongs consists of a large semiconical cusp
flanked by two small accessory cusps positioned at the base of
the crown (mesially on the mesial prong and distally on the distal
prong). There is some variability in this pattern in that the right
fourth and sixth dentary teeth appear to have had only a single
accessory cusp on the mesial prong. The tall central prong on the
seventh and eighth dentary crowns is decreased in height and is
more elongate relative to those of the mesial and distal prongs,
compared to those on the more mesial teeth; the result is longer,
lower teeth with cusps of more nearly equal size (Fig. 30D–F,
H). The mesial prong of the eighth dentary tooth, on both sides,
has only two cusps whereas the distal prong has three. The ninth,
10th, and 11th crowns are nearly symmetrical labiolingually and
are still weakly separated into three separate prongs (Fig. 30E,
G, H). The mesial prong of each crown is bicuspate whereas the
central prongs remain tricuspate, with cusps of nearly equal size.
The distal prongs of each crown have three cusps that decrease in
height and size from mesial to distal. The 11th tooth on the right
side differs from this pattern in having a tiny fourth accessory
cusp developed distally on the distal prong.

The overall pattern of the lower dentition mirrors that of the
upper dentition, with the teeth becoming mesiodistally longer
(relative to their labiolingual widths) and lower distally and, cor-
respondingly, the cusps becoming more homogenized in size and
height (Fig. 30H). The three missing distal tooth positions can
therefore be inferred to have been similar in morphology to
the 11th tooth but perhaps still more elongate, lower, and with
greater homogenization of cusps.

Replacement Teeth—HRXCT scans and both macroscopic
and microscopic examination of the head skeleton of UA 8679
reveal a number of replacement teeth at varying stages of de-
velopment (Figs. 7B, 8F, H, 9B, 17D). Replacement teeth are
present in the second through fourth alveoli of the left premax-
illa and the first, third, and fifth alveoli of the right premaxilla.
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FIGURE 31. Isolated teeth associated with the holotype (UA 8679) of Simosuchus clarki. A, mesial maxillary tooth in labial (left) and lingual (right)
views; B, mesial-middle maxillary tooth in labial and lingual views; C, distal maxillary tooth in labial and lingual views; D, mesial dentary tooth in
labial and lingual views; E, middle dentary tooth in labial and lingual views; F, distal dentary tooth in labial and lingual views.

Replacement teeth are only present in the second alveolus of the
left maxilla and the second and third alveoli of the right maxilla.
Within the lower jaw, developing replacement teeth are present
in the first, third, fifth, seventh, and 10th alveoli of the right den-
tary and only the fifth and seventh alveoli of the left dentary. As
in crocodylians (Poole, 1961), the crowns develop first and are
positioned within the hollow root cavities of the functional teeth.
No organized pattern of tooth replacement can be discerned from
the teeth preserved in UA 8679.

Associated Teeth—A total of 25 isolated teeth were recovered
in association with UA 8679 (see Fig. 31). Based on the morphol-
ogy of the intact dentition, 13 of these isolated teeth appear con-
sistent with the upper dentition and seven are consistent with the
lower dentition. Two small isolated tooth crowns with only three
cusps are not morphologically consistent with any known tooth
position; if they pertain to Simosuchus clarki, which seems likely
based on their size, cusp morphology, and provenance, they may
represent unerupted crowns or may have been from the distal-
most portions of the upper and/or lower tooth rows. Several other
teeth are too badly damaged to allow placement. An isolated
tooth associated with FMNH PR 2597 can be attributed to the
upper dentition, likely the second or third maxillary position, on
the basis of its morphology.

Tooth Wear—Although the apices of cusps, particularly those
on the central prong, on many of the teeth in UA 8679 appear to
be worn or abraded, discrete wear facets indicating tooth-tooth
contact can be recognized only on the lingual surfaces of the first
tooth of the right premaxilla and the second tooth of the left pre-
maxilla. The wear facets are small and restricted to only the cen-
tral prong of each tooth. No corresponding facets can be seen
on the complementary lower dentition or on any other in situ
tooth crowns. Similarly, no wear facets can be discerned on the
few teeth exposed on FMNH PR 2596 or on the single, damaged
tooth preserved in FMNH PR 2597.

Cranial Endocast

High resolution X-ray computed tomography (HRXCT) of
the skull of the holotype (UA 8679) of Simosuchus clarki
allows for a detailed description of the space once occupied by
the brain, brainstem, membranous labyrinth, cranial nerves, and
craniocerebral vascular elements. In some cases, these structures
can be characterized nearly completely, highlighting specific mor-
phology, such as the position, orientation, and general organi-
zation of cranial nerve trunks relative to elements of the chon-
drocranium. In other cases, however, relatively superficial struc-
tures within the cranial cavity—most notably, the dural venous
sinuses—overlie and obscure the morphology of deeper endocra-
nial structures (e.g., brainstem and cerebellum), but are them-
selves able to be visualized and approximated relative to the en-
docranial surfaces of the bones of the skull and the central ner-
vous system more generally.

As discussed previously by numerous other workers (e.g., Jeri-
son, 1973; Hopson, 1979; Sampson and Witmer, 2007; Witmer
et al., 2008), endocranial casts in sauropsids typically do not
reflect the actual morphology of the brain and brainstem, but
more closely represent contours of the external surface of the
surrounding dura mater (i.e., endocranium) where it was once
in contact with the internal surface of constituent bones of the
braincase. Moreover, due to the intimate relationship between
the dura mater and underlying soft tissues (e.g., the cerebral
hemispheres), many soft-tissue features impart their position on
the internal surface of the braincase through the dural interface.
Finally, many intrinsic features of the dura mater itself, including
a variety of dural venous sinuses, represent some of the most eas-
ily reconstructed anatomical elements in endocranial casts. Here
we aim to describe the general organization of the constituent
regions of the brain and brainstem in S. clarki and, where pos-
sible, comment on other endocranial structures through either
their representation in the endocranial cast or via their associ-
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ated fossae, foramina, sulci, or canals, as identified in bony ele-
ments of the chondrocranium described above. Our intent is to
provide an overview of endocranial organization in Simosuchus
to facilitate basic comparisons with extant Crocodylia, and to pro-
vide perspective for an ongoing comparative study of endocra-
nial anatomy among the morphologically and ecologically diverse
basal mesoeucrocodylians.

Due to its exquisite preservation, the holotype (UA 8679) of S.
clarki provides the best potential for reconstructing endocranial
anatomy. However, certain portions of this specimen—in par-
ticular the anteroventral end of the cranial cavity and the ven-
tral portions of the inner and middle ear—are inadequately pre-
served, thus precluding a full characterization of the morphology
of these areas. Specifically, incomplete preservation of the ante-
rior portion of the chondrocranium, which would have defined
the anteroventral boundaries of the cranial cavity, limits our abil-
ity to comment on specific characteristics of the olfactory system,
such as the volume of the olfactory bulbs. Moreover, breakage
near the ventral portion of the inner and middle ear (i.e., struc-
tures occupying positions ventral to the lateral semicircular canal;
see Fig. 19) renders the analysis incapable of characterizing struc-
tures such as the vestibule and cochlea of the inner ear.

The general shape of the cranial endocast (Fig. 32) is simi-
lar in several aspects to those of extant crocodylians (e.g., Gavi-
alis gangeticus [see Wharton, 2000], Crocodylus johnstoni [see
Witmer et al., 2008]), including the presence of broad cerebral
hemispheres that taper anteriorly and posteriorly, a significant
midline expansion on the ventral aspect of the forebrain that de-
limits the location of the hypophyseal fossa, and rather indistinct
neural morphology in the postcerebral portions of the endocast.
One notable difference, however, relates to the extremely trun-
cated olfactory apparatus in Simosuchus (Fig. 32), no doubt a
reflection of the greatly abbreviated rostrum in this taxon. Al-
though the dorsal aspect of the olfactory tracts and bulbs (Fig.
32A; see also Fig. 8A) is constrained in the cranial endocast based
on the internal surface of the preserved frontal (Fig. 10), the ven-
tral and lateral extent of these structures remains unknown due
to poor preservation (see hatched areas in Fig. 32B, C).

Another distinctive feature of the cranial endocast of Simo-
suchus pertains to the morphology of its dorsal surface. Specifi-
cally, the dorsal contour of the endocast (Fig. 32C) is marked by
three distinct linear surfaces: an anterior segment coincident with
the position of telencephalic structures (e.g., olfactory apparatus
and cerebral hemispheres), a middle segment represented solely
by the dorsal longitudinal dural venous sinus presumably overly-
ing tectal and cerebellar structures, and a gently sloping posterior
segment represented by the occipital dural venous sinus complex
overlying the dorsal aspect of the medulla. This organization is in
marked contrast to that in at least some extant crocodylians (e.g.,
Crocodylus johnstoni [see Witmer et al., 2008:fig. 6.3]), in which
the dorsal contour of the endocranial cast is generally curvilin-
ear. The distinctive dorsal contour of the endocast in Simosuchus
likely reflects the planar organization of the major components
of the head skeleton as described above. However, endocranial
organization appears generally similar to that of other mesoeu-
crocodylians (e.g., Anatosuchus minor, Araripesuchus wegeneri;
Sereno and Larsson, 2009) in having a spade-shaped cerebrum
that tapers both anteriorly and posteriorly. Simosuchus clarki
differs significantly from both of these taxa, however, in hav-
ing a dorsoventrally expanded cerebrum (Fig. 32C). As endo-
casts of the olfactory apparatus were not prepared for either
Anatosuchus minor or Araripesuchus wegeneri, it is unclear to
what degree they differ from those of either S. clarki or extant
crocodylians.

The dorsal midline of the endocranial reconstruction illustrates
components of the dural venous sinus system (Fig. 32A). The
dorsal longitudinal sinus occupies the anterodorsal two-thirds
of the reconstruction, overlying the cerebrum and olfactory

apparatus, even though these regions are clearly demarcated
based on their parasagittal anatomy. The occipital dural venous
sinus overlies the tectum, cerebellum, and medulla. It is so
prominent as to completely obscure any detailed morphology
of the posterior portion of the brainstem (see Sedlmayr, 2002,
as noted in Sampson and Witmer, 2007). A pineal prominence
on the dorsal midline just posterior to the cerebrum is not
apparent (Fig. 32C), consistent with the condition exhibited by
extant crocodylians in general (Witmer et al., 2008). This is in
stark contrast to the morphology in bird-line archosaurs (e.g.,
theropod dinosaurs), in which a dorsally projecting flap of dura
mater marks the junction of the fore- and midbrain, emphasizing
the position of the pineal body (e.g., Rogers, 1999; Larsson,
2001; Sampson and Witmer, 2007). The ventral midline of the
endocranial cast (Fig. 32B) is characterized by the presence of
a large hypophyseal fossa (and its associated paired cavernous
dural venous sinuses) immediately posteroventral to the cere-
bral hemispheres, a distinct postpituitary notch, and a ventral
longitudinal sinus adjacent to and underlying the hindbrain.

Other endocranial vascular structures of note include (1) the
transversely oriented sphenoparietal dural venous sinus that oc-
cupied the postcerebral constriction (see Witmer et al., 2008) and
connected the dorsal longitudinal sinus to the cavernous sinus
and other ventrally positioned sinuses; and (2) the transverse du-
ral venous sinus that typically occupies the tectal-otic sulcus and
continues extracranially as the middle cerebral vein. Note that,
whereas the sphenoparietal dural venous sinus in Simosuchus can
be identified based on the position of the postcerebral constric-
tion, the transverse sinus is less well constrained. It is likely that
it occupied the shallow sulcus along the anterior edge of the floc-
culus (Fig. 32C).

Similar to the conditions exhibited by other sauropsids (see
Sampson and Witmer, 2007), most components of the cerebellar
apparatus are obscured in endocranial cast reconstructions due to
the well-developed occipital dural venous sinus system. However,
one exception to this generalization (and similar to the condition
exhibited by most other sauropsids) is that the flocculus, or cere-
bellar auricle, is apparent just anterior to the anterior semicircu-
lar canal (Fig. 32C). Although the relative size of the flocculus has
been used as a proxy for modeling cervicocephalic, whole-body,
and reflexive ocular-stabilization kinematics in a variety of ex-
tinct archosaurs (see Witmer et al., 2003; Sampson and Witmer,
2007), comparative data among crocodyliforms in general and no-
tosuchians specifically are sparse to non-existent. Ongoing work
characterizing the morphology and precise dimensions of these
and other structures (e.g., elements of the endosseous labyrinth)
in notosuchians will provide novel comparative perspectives for
examining the role of differential body size, dietary regime, and
inferred habitus (e.g., terrestrial vs. aquatic) characteristic for this
diverese group of bizarre crocodyliforms.

DISCUSSION

Intraspecific Variability

Since the initial discovery of the exquisitely preserved holotype
specimen (UA 8679) of Simosuchus clarki more than a decade
ago, five additional specimens that preserve portions of the skull
and/or lower jaw have been recovered and referred to this taxon
(see Krause et al., this volume). Although two of these newly re-
ferred specimens include relatively complete head skeletons that
remain largely articulated, one is severely crushed and remains
partially surrounded by matrix (FMNH PR 2596), and the other,
although much better preserved, exhibits considerable distortion
and some associated breakage (FMNH PR 2597) (see ‘Speci-
mens of Simosuchus clarki’ in the Materials and Methods section
above). The other three newly referred specimens include only
isolated elements (UA 9754) or fragments of elements (UA 9762
and FMNH PR 2598) from the skull or lower jaw. Thus, the lim-
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FIGURE 32. Reconstruction of the cranial cavity of Simosuchus clarki. Digital endocast in dorsal (A), ventral (B), and right lateral (C) views,
generated from HRXCT scans of the holotype (UA 8679). The right side of the endocast depicts selected cranial nerve trunks and the endosseous
labyrinth in yellow and green, respectively. The anterior region indicated in tan is an estimated reconstruction of the olfactory tracts and bulbs;
uncertainty in this reconstruction (hatched area) results from incomplete preservation of the anteroventral-most floor of the cranial cavity in this
specimen. See Appendix 1 for anatomical abbreviations.

ited number, nature, and condition of these available specimens
clearly preclude a thorough assessment of intraspecific variability
within the craniofacial skeleton of S. clarki at this time. Neverthe-
less, each of these specimens preserves morphological features
that are clearly homologous to features exhibited by the holotype
specimen, thereby permitting at least some preliminary qualita-
tive and quantitative comparisons.

Variation in Shape—Of the five newly referred specimens of
Simosuchus clarki that preserve portions of the head skeleton,
FMNH PR 2597 is by far the most complete and well preserved
(Figs. 33–35). Although both the skull and lower jaw of this
specimen exhibit some distortion and breakage, both preserve
numerous features that remain relatively undisturbed and that

can be compared directly with corresponding features in the
holotype specimen (UA 8679). Indeed, it is only through
comparisons made between FMNH PR 2597 and UA 8679 that
discrete, qualitative differences in craniofacial shape have been
identified among the known individuals of S. clarki; the relatively
poor condition and/or fragmentary nature of the remaining four
referred specimens have obscured any such differences that may
have existed among these individuals.

Detailed scrutiny of FMNH PR 2597 reveals that this speci-
men exhibits the following discrete shape-related character states
that differ from those found in UA 8679 [character states for
UA 8679 given in brackets]: (1) posterior margin of orbital lam-
ina of prefrontal without [with] pronounced V-shaped emargina-
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FIGURE 33. Skull and partial lower jaw of one of the referred specimens (FMNH PR 2597) of Simosuchus clarki. Photograph in dorsal view.
Compare with similar view of the holotype (UA 8679) in Figure 2. See Appendix 1 for anatomical abbreviations.

tion; (2) frontoparietal suture nearly straight [anteriorly con-
cave] in dorsal view; (3) posterior margin of dorsal lamina of
frontal without [with] raised postorbital crest anterior to fron-
toparietal suture; (4) anterior end of dorsal lamina of parietal
without [with] significant lateral expansion; (5) dorsal lamina of
parietal strongly [weakly] convex; (6) dorsal laminae of anterior

and posterior processes of squamosal strongly convex [nearly flat,
but intersecting one another at a distinct angle]; (7) posterior pro-
cess of squamosal terminates in relatively short, weakly devel-
oped protuberance [relatively long, well-developed protuberance
that projects strongly posteroventrolaterally]; (8) lateral margin
of dorsal lamina of posterior process of squamosal only weakly
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FIGURE 34. Skull and partial lower jaw of one of the referred specimens (FMNH PR 2597) of Simosuchus clarki. Photograph in ventral view.
Compare with similar view of the holotype (UA 8679) in Figure 3. See Appendix 1 for anatomical abbreviations.

convex [strongly convex and elaborated into well-developed lat-
erally projecting crest]; (9) junction between dorsal laminae of
anterior and posterior processes of squamosal marked by shallow
sulcus [strongly developed transversely oriented ridge]; (10) dor-
sal lamina of posterior process of postorbital relatively flat, with

no elaboration of surface sculpturing [surface sculpturing elabo-
rated medially and anterolaterally to form pronounced V-shaped
depression]; (11) ventrolateral crest of anterior process of jugal
without great elaboration of surface sculpturing [with great elab-
oration of surface sculpturing, giving it a strongly ‘bowed out’
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appearance in dorsal view]; (12) anteromedial surface of trans-
verse process of pterygoid gently convex [strongly concave]; (13)
dorsolateral surface of ventrolateral flange of angular nearly flat
and oriented steeply vertically [distinctly concave, separating sur-
face into steeply sloping basal portion and laterally flaring distal
portion]; and (14) dorsolateral surface of ventrolateral flange of
angular with only moderate sculpturing concentrated primarily
along its distal margin [heavy sculpturing across its entire sur-
face].

Clearly evident from the preceding list of discrete morpho-
logical characters that vary between FMNH PR 2597 and UA
8679 is that these characters are strikingly non-random in both
their anatomical distribution and their cumulative effects on the
overall shape of the head skeleton in these specimens. Nine of
these characters (2–10) relate to the morphology of the four
bones—frontal, parietal, postorbital, and squamosal—that con-
tribute to the formation of the posterior portion of the dermal
skull roof (i.e., the ‘cranial table’), and 11 (3–11, 13, 14) relate
to the relative prominence of various projections, angulations,
and/or areas of ornamentation distributed throughout the poste-
rior two-thirds of the skull and lower jaw. The collective effect of
differences in the second group of characters between FMNH PR
2597 and UA 8679 is that the bony processes, crests, and flanges
that project most strongly laterally and posteriorly beyond the re-
maining margins of the skull and lower jaw are more prominent,
distinctly angulated, and heavily ornamented in the latter speci-
men.

Variation in Overall Size, Relative Proportions, and Onto-
genetic Maturity—As for the discrete qualitative differences in
craniofacial shape discussed above, the most extensive quantita-
tive comparisons that can be drawn among the known specimens
of Simosuchus clarki that preserve portions of the skull and/or
lower jaw pertain to the two most complete, fully articulated, and
well-preserved specimens, UA 8679 and FMNH PR 2597. How-
ever, isolated measurements of specific craniofacial features pre-
served in FMNH PR 2596, FMNH PR 2598, UA 9754, and UA
9762 provide at least some limited context for interpreting the
overall size of these specimens relative to that of UA 8679 (and
FMNH PR 2597).

A summary of the quantitative (i.e., morphometric) compar-
isons made between the head skeletons of UA 8679 and FMNH
PR 2597 is provided in Tables 1 and 2. In general, these data
demonstrate that the skull and lower jaw of FMNH PR 2597 are
somewhat smaller than those of UA 8679. More specifically, a
global mean of 37 pairwise morphometric comparisons that could
be made between these two specimens (see Table 2) suggests that
the overall size of the head skeleton of FMNH PR 2597 is approx-
imately 93.1% that of UA 8679. However, although this overall
estimate of the relative sizes of these two specimens is fully con-
sistent with the general impression that one gets when examin-
ing them side-by-side (i.e., that the head skeleton of the referred
specimen is clearly smaller than that of the holotype), it also con-
ceals significant proportional and regional differences.

In its three primary orthogonal dimensions, the head skele-
ton of FMNH PR 2597 compares with that of UA 8679 as fol-
lows: it is 90.8% as long (115.5 mm vs. 127.2 mm HSTL), 79.2%
as wide (82.2 mm vs. 103.8 mm HSTW), and 108.4% as tall
(70.0 mm vs. 64.6 mm HSTH). Although these comparisons re-
veal striking proportional differences between these two speci-
mens as preserved, these differences must be considered carefully
within the context of the postmortem distortion that is clearly ev-
ident throughout portions of the skull and lower jaw of FMNH
PR 2597 (see ‘Specimens of Simosuchus clarki’ in the Materi-
als and Methods section above for a detailed description of this
distortion). For instance, the sagittal shearing that has distorted
the head skeleton of this specimen would have necessarily ren-
dered it both longer and narrower than it actually was in life,
and the effects of this proportional change would be expected

to be strongest toward the periphery of the skeleton and weak-
est near its center. Thus, measurements defined at least in part
by peripherally placed landmarks—such as total length, width,
and height of the head skeleton (HSTL, HSTW, and HSTH,
respectively; see Table 1)—must be interpreted with particu-
lar caution. For this reason, we also calculated global means of
multiple pairwise comparisons made between these two speci-
mens grouped by measurements of length (n = 8; HSTL, SLMD,
SLMV, SRLPRO, SRLMO, SRLPOO, SQPOL[L], SQPOL[R]),
width (n = 19; HSTW, SNWA, SNWP, AOIFD, OIFD, SWMO,
CTAW, CTCW, CTPW, SWP, SWT, OCW, OCTTW, TQJW,
TQW, QICD, LJWPF, ANGW[L], ANGW[R]), and height (n =
6; HSTH, SHMS, SHPO[L], SHPO[R], BCH, OCVH) (see Ta-
ble 1 for definitions of these measurements), with each mean in-
corporating measurements taken from as many different regions
of the skull and lower jaw as possible. The results of this anal-
ysis suggest that the head skeleton of FMNH PR 2597 is 93.1%
as long, 88.8% as wide, and 102.5% as tall as that of UA 8679.
We consider these estimates to be somewhat more reflective of
the true proportional differences between these two specimens,
because they are mathematically ‘buffered’ against individual
measurements that might be disproportionately affected by the
postmortem distortion evident in FMNH PR 2597. Consistent
with this interpretation is our pairwise comparison between these
two specimens in the width of the frontal bone, which is po-
sitioned at the very center of the skull roof in S. clarki, and
which consequently appears to be nearly completely undistorted
in FMNH PR 2597; the magnitude of this width measurement
(see orbital interfenestral distance [OIFD] in Tables 1 and 2)
in FMNH PR 2597 is 86.6% of that recorded for UA 8679,
which agrees very closely with the 88.8% difference in over-
all craniofacial width estimated through the analysis described
above.

In addition to the differences just described between the pri-
mary orthogonal dimensions of FMNH PR 2597 and UA 8679,
these specimens also exhibit striking differences in regional cran-
iofacial proportions. For instance, the length of the preorbital
portion of the skull roof (SRLPRO) in FMNH PR 2597 is 87.2%
of that in UA 8679, and a mean of three pairwise comparisons of
preorbital dermatocranial width (SNWA, SNWP, AOIFD) indi-
cates that the preorbital portion of the skull (i.e., the snout) of
FMNH PR 2597 is 85.9% as wide as that of UA 8679. Similarly,
the length of the mid-orbital portion of the skull roof (SRLMO)
in FMNH PR 2597 is 86.0% of that in UA 8679, and a mean of
two pairwise comparisons of mid-orbital dermatocranial width
(OIFD, SWMO) indicates that the mid-orbital portion of the
skull of FMNH PR 2597 is 85.0% as wide as that of UA 8679. In
strong contrast to these relative proportions, however, the length
of the postorbital portion of the skull roof (SRLPOO) in FMNH
PR 2597 is 112.6% of that in UA 8679, and a mean of three pair-
wise comparisons of postorbital dermatocranial width (CTAW,
CTCW, CTPW) indicates that the cranial table of FMNH PR
2597 is 94.1% as wide as that of UA 8679. Moreover, the width
of the occiput (OCW) in FMNH PR 2597 is 97.5% of that in UA
8679, and the height of the braincase (BCH) in FMNH PR 2597
is 105.9% of that in UA 8679. Thus, whereas these two speci-
mens share relatively similar dimensions throughout much of the
postorbital part of the skull (with the referred specimen actu-
ally being slightly larger than the holotype in some of its dimen-
sions throughout this region), the mid- and preorbital portions
of the skull differ significantly in their relative dimensions, being
both shorter (anteroposteriorly) and narrower (mediolaterally)
in FMNH PR 2597 than in UA 8679.

The comparisons presented above demonstrate that FMNH
PR 2597 and UA 8679 represent individuals that were gener-
ally similar in their overall size but somewhat different in their
relative proportions. However, such quantitative comparisons do
not directly or unambiguously establish whether these individuals
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TABLE 1. Measurements taken on the skull and lower jaw in two articulated specimens (UA 8679 [holotype] and FMNH PR 2597) of Simosuchus
clarki.

Measurement Abbreviation Landmarks used for measurement

Total length of head skeleton1,2 HSTL pmx alp (anterior surface), sq pp (posterior terminus)
Total width of head skeleton1,3 HSTW L ang vlf (lateral edge), R ang vlf (lateral edge)
Total height of head skeleton1,4,5 HSTH par dl (center), spl vl (posterolateral margin)
Mid-dorsal skull length6,7 SLMD interpremaxillary suture (anterodorsal terminus), so (posterodorsal margin)
Mid-ventral skull length6,7 SLMV interpremaxillary suture (anteroventral terminus), oc (posterior surface)
Length of preorbital skull roof6,7 SRLPRO interpremaxillary suture (anterodorsal terminus), proc (center)
Length of mid-orbital skull roof6,7 SRLMO proc (center), fro dl-par dl suture (center)
Length of postorbital skull roof6,7 SRLPOO fro dl-par dl suture (center), so (posterodorsal margin)
Squamosal postoccipital length7,8 SQPOL posterolateral corner of cranial table, sq pp (posterior terminus)
Anterior snout width7 SNWA L pmx alp-max alp suture (ventral terminus), R pmx alp-max alp suture (ventral terminus)
Posterior snout width1,3 SNWP L max alp (lateral surface), R max alp (lateral surface)
Antorbital interfenestral distance7 AOIFD L aof (anterodorsal corner), R aof (anterodorsal corner)
Orbital interfenestral distance3,9 OIFD L of (dorsal margin), R of (dorsal margin)
Mid-orbital skull width1,3 SWMO L jug ap (lateral margin), R jug ap (lateral margin)
Cranial table anterior width7 CTAW L fro dl-po dl suture (anterolateral terminus), R fro dl-po dl suture (anterolateral terminus)
Cranial table central width7 CTCW L po pp-sq ap suture (dorsolateral terminus), R po pp-sq ap suture (dorsolateral terminus)
Cranial table posterior width7 CTPW L sq (at posterolateral corner of cranial table), R sq (at posterolateral corner of cranial

table)
Posterior skull width1,3 SWP L sq pp (lateral margin), R sq pp (lateral margin)
Terminal skull width7 SWT L sq pp (posterolateral terminus), R sq pp (posterolateral terminus)
Occipital width1,3 OCW L parop (lateral margin), R parop (lateral margin)
Occipital transtuberous width1,3 OCTTW L bt (lateral margin), R bt (lateral margin)
Transquadratojugal width1,3 TQJW L qj tub (lateral surface), R qj tub (lateral surface)
Transquadratic width1,3 TQW L q lhc (posterolateral margin), R q lhc (posterolateral margin)
Snout height7,8 SNH pmx dmp (dorsal terminus), pmx alp (ventromedial margin)
Mid-sagittal skull height6,7 SHMS moc (center), pt ap vnl (posteriormost part)
Postorbital skull height7,8 SHPO posterolateral corner of cranial table, q lhc (ventral margin)
Braincase height6,7 BCH par dl (center), bo (posteroventral margin of meuf)
Vertical occipital surface height6,7 OCVH so (posterodorsal margin), fm (dorsal margin)
Hard palate length7,8 HPL pmx alp (posteriorly adjacent to idr between 1st and 2nd teeth), posteromedial corner of pal

pap
Hard palate width7 HPW L max alp (medially adjacent to 7th max alv), R max alp (medially adjacent to 7th max alv)
Pterygoid width1,3 PTW L pt tp (lateral surface), R pt tp (lateral surface)
Total length of lower jaw1,2 LJTL den alp (anterodorsal margin), rap (posterior margin)
Preglenoid lower jaw length1,2,8 LJLPG den alp (anterodorsal margin), gfos (center)
Postsplenial lower jaw length7,8 LJLPS spl ml (center of posterior margin), gfos (center)
Retroarticular process length7,8 RAPL gfos (center), rap (ventral terminus)
Glenoid fossa length1,7,8,10 GFL gfos (anterior margin of articular surface), gfos (posterior margin of articular surface)
Glenoid fossa width1,7,8,11 GFW gfos (lateral margin of articular surface), gfos (medial margin of articular surface)
Quadratic condyle length7,8,10 QCL q con (anterior margin of articular surface), q con (posterior margin of articular surface)
Quadratic condyle width1,7,8,11 QCW q lhc (lateral surface), q mhc (medial surface)
Quadratic intercondylar distance1,3 QICD L q mhc (anteromedial margin), R q mhc (anteromedial margin)
Symphyseal height6,7 SYMH interdentary suture (dorsal terminus), sym tub (posteroventral tip)
Lower jaw height1,4,8 LJH sur ram (dorsal margin adjacent to den pdp dorsal prong), ang (ventral surface at lateral

margin)
Postfenestral lower jaw width1,3 LJWPF L sur/ang junction (at posterior margin of emf), R sur/ang junction (at posterior margin of

emf)
Angular width7,8,12 ANGW ang vlf (lateral margin), ang ram (medial margin)

See Appendix 1 for a list of anatomical abbreviations for structures used as landmarks in defining these measurements.
1Maximum measurement.
2Measurement made along an axis parallel to the median sagittal plane and extending perpendicularly between two transverse planes passing through
defining landmarks.
3Measurement made along a horizontal axis extending perpendicularly between two parasagittal planes passing through defining landmarks.
4Measurement made along a vertical axis extending perpendicularly between two frontal planes passing through defining landmarks.
5Measurement made with skull resting on lower jaw in articulated position, with entire lower jaw resting on flat surface.
6Measurement made in median sagittal plane.
7Straight-line measurement.
8Measurement made on both sides of specimen.
9Minimum measurement.
10Measurement made along minor axis of condyle/glenoid.
11Measurement made along major axis of condyle/glenoid.
12Maximum measurement that can be made perpendicular to lateral margin of angular.
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were ontogenetically mature adults, or whether they were juve-
niles. Thus, to infer the ontogenetic status of these specimens, we
rely primarily on other characters that have been used by pre-
vious workers to discriminate between juvenile and adult speci-
mens of various types of crocodyliforms (e.g., Mook, 1921a; Ior-
dansky, 1964, 1973; Joffe, 1967). Specifically, we point toward five
cranial characters in particular that strongly suggest that both
FMNH PR 2597 and UA 8679 represent adult individuals: (1)
presence of heavy sculpturing across the external surfaces of the
bones of the dermal skull roof; (2) closure—and, in some in-
stances, nearly complete obliteration in external view—of sutures
between adjacent elements of the dermal skull roof; (3) presence
of a well-developed ‘crest A’ on the anterior surface of the body
of the quadrate for attachment of the lateral lamina of the cra-
nial adductor tendon; (4) relatively large size of the supratem-
poral fenestrae; and (5) close spacing of the supratemporal fen-
estrae near the dorsal midline, with the center of each fenestra
positioned directly posterior to the dorsomedial margin of the
ipsilateral orbital fenestra. Our inferences regarding the ontoge-
netic maturity of FMNH PR 2597 and UA 8679 are fully congru-
ent with those made by Georgi and Krause (this volume) on the
basis of the complete fusion of neurocentral sutures throughout
the postatlantal portions of the vertebral columns preserved with
these two specimens. In addition, it is relevant to note in this con-
text that Hill (this volume), based on his paleohistological stud-
ies of lines of arrested growth (LAGs) in isolated osteoderms of
FMNH PR 2597 and UA 8679, concluded that these two speci-
mens represent individuals that were at least 5 and 3 years old,
respectively, and most likely significantly older than this.

Whereas the nearly complete head skeletons of UA 8679 and
FMNH PR 2597 invite relatively detailed quantitative compar-
isons, the incomplete and/or poor preservation of FMNH PR
2596, FMNH PR 2598, UA 9754, and UA 9762 permit far fewer
such comparisons, thereby making it more difficult to assess the
relative craniofacial dimensions, and thus the general ontogenetic
status, of these individuals. Nevertheless, the relatively few mea-
surements that could be taken on elements of the skull and/or
lower jaw in these specimens provide valuable, albeit limited,
data on the sizes of these individuals relative to those of the adult
individuals represented by UA 8679 and FMNH PR 2597. These
data are summarized in Table 3.

Available morphometric data indicate that the head skeleton
of FMNH PR 2596 is most similar in size to that of UA 8679.
A mean of two pairwise comparisons based on measurements of
the skull and lower jaw in these specimens suggest that the head
skeleton of FMNH PR 2596 is approximately 101.6% the size of
that of UA 8679. This close similarity in size, combined with the
extensive sculpturing visible externally along the dorsal laminae
of the parietal, frontal, and prefrontals, and the fully closed su-
ture that remains intact between the latter two bones on the right
side of this very badly crushed specimen, suggests that FMNH PR
2596 represents an adult individual.

Quantitative comparisons between preserved portions of the
head skeletons of FMNH PR 2598 and UA 8679 demonstrate
that the former specimen represents a significantly smaller indi-
vidual than does the latter. A mean of three possible pairwise
comparisons based on measurements of portions of the skull and
lower jaw in these specimens suggest that the craniofacial skele-
ton of FMNH PR 2598 is approximately 84.6% the size of that
of UA 8679. Moreover, in two of the three measurements that
could be taken from the few craniofacial fragments preserved
with FMNH PR 2598, this specimen was also found to be smaller
than FMNH PR 2597. These findings are consistent with those re-
ported by Sertich and Groenke (this volume:tables 1, 2), based on
the relative dimensions of elements throughout the appendicular
skeleton, and with those reported by Georgi and Krause (this vol-
ume:table 1), based on relative vertebral dimensions. The latter
authors also noted that the proximal caudal ribs remain unfused

TABLE 2. Measurements of the skull and lower jaw in two articulated
specimens (UA 8679 [holotype] and FMNH PR 2597) of Simosuchus
clarki.

Measurement UA 8679 FMNH PR 2597

HSTL 127.2 ± 0.1 115.5∗ ± 0.2 (90.8%)
HSTW 103.8 ± 0.0 82.2∗ ± 0.3 (79.2%)
HSTH 64.6 ± 0.1 70.0∗ ± 0.1 (108.4%)
SLMD 106.1 ± 0.1 97.9∗ ± 0.3 (92.3%)
SLMV 102.3 ± 0.1 93.8∗ ± 0.1 (91.7%)
SRLPRO 48.3 ± 0.1 42.1∗ ± 0.2 (87.2%)
SRLMO 33.5 ± 0.1 28.8 ± 0.2 (86.0%)
SRLPOO 28.5 ± 0.1 32.1 ± 0.1 (112.6%)
SQPOL 23.0 ± 0.2 / 23.0 ± 0.1 21.2 ± 0.2 (92.2%) / 21.2 ±

0.1 (92.2%)
SNWA 51.3 ± 0.1 44.6∗ ± 0.2 (86.9%)
SNWP 76.7 ± 0.1 64.8∗ ± 0.3 (84.5%)
AOIFD 48.4 ± 0.0 41.8∗ ± 0.2 (86.4%)
OIFD 21.7 ± 0.0 18.8 ± 0.1 (86.6%)
SWMO 82.4 ± 0.1 68.7∗ ± 0.3 (83.4%)
CTAW 31.2 ± 0.1 30.4 ± 0.1 (97.4%)
CTCW 64.1 ± 0.1 58.0∗ ± 0.1 (90.5%)
CTPW 74.7 ± 0.0 70.5 ± 0.0 (94.4%)
SWP 80.1 ± 0.0 71.8∗ ± 0.0 (89.6%)
SWT 74.5 ± 0.0 64.6∗ ± 0.1 (86.7%)
OCW 51.0 ± 0.1 49.7∗ ± 0.1 (97.5%)
OCTTW 32.7 ± 0.3 29.0∗ ± 0.2 (88.7%)
TQJW 82.3 ± 0.0 76.8∗ ± 0.1 (93.3%)
TQW 76.6 ± 0.1 68.2∗ ± 0.1 (89.0%)
SNH 24.5 ± 0.1 / 24.4 ± 0.0 21.4∗ ± 0.1 (87.3%) / —
SHMS 43.9 ± 0.1 50.6 ± 0.1 (115.3%)
SHPO 43.6 ± 0.1 / 43.6 ± 0.1 41.8∗ ± 0.1 (95.9%) / 44.5∗ ±

0.1 (102.1%)
BCH 37.2 ± 0.1 39.4 ± 0.1 (105.9%)
OCVH 14.3 ± 0.1 12.5∗ ± 0.1 (87.4%)
HPL 40.2 ± 0.1 / 40.1 ± 0.1 — / —
HPW 69.5 ± 0.1 —
PTW 66.3 ± 0.1 —
LJTL 90.7 ± 0.2 —
LJLPG 80.8 ± 0.4 / 80.4 ± 0.5 — / —
LJLPS 42.0 ± 0.2 / 42.1 ± 0.1 — / —
RAPL 17.0 ± 0.2 / 17.0 ± 0.2 — / —
GFL 10.9∗ ± 0.1 / 10.6∗ ± 0.1 — / —
GFW 12.3 ± 0.2 / 12.5 ± 0.2 — / —
QCL 5.6 ± 0.2 / 5.8∗ ± 0.2 — / 5.8 ± 0.2 (100.0%)
QCW 13.4 ± 0.0 / 13.1 ± 0.1 — / 12.5 ± 0.0 (95.4%)
QICD 51.1 ± 0.1 44.3∗ ± 0.1 (86.7%)
SYMH 18.1 ± 0.0 —
LJH 27.1 ± 0.3 / 27.1 ± 0.3 30.9∗ ± 0.3 (114.0%) / —
LJWPF 87.4 ± 0.1 69.9∗ ± 0.1 (80.0%)
ANGW 15.6 ± 0.0 / 15.3 ± 0.1 14.4 ± 0.1 (92.3%) / 14.5 ±

0.2 (94.8%)

For each measurement, the mean ± standard deviation of 10 individual
repeated measurements is given. All measurements are rounded to the
nearest 0.1 mm. Measurements taken on both sides of the skull or lower
jaw are given as left/right. Percentages given in parentheses for FMNH
PR 2597 represent the relative magnitudes of measurements taken from
this referred specimen expressed as percentages of corresponding mea-
surements recorded from UA 8679.
∗Measurement estimated because of slight breakage, erosion, or distor-
tion.

to their corresponding vertebral centra in FMNH PR 2598, fur-
ther suggesting that this specimen may represent a juvenile indi-
vidual.

UA 9754 and UA 9762 represent the most incomplete cran-
iofacial specimens of S. clarki currently known. UA 9754 in-
cludes only an isolated right ectopterygoid, the height of which
is 87.6% that of the right ectopterygoid in UA 8679. UA 9762 in-
cludes only the fragmentary right posterior portion of an isolated
frontal. However, this fragment preserves intact the posterior-
most portion of the descending process of the frontal, the height
of which was found to be 91.2% of that recorded for UA 8679.
Thus, these very incomplete data suggest that both UA 9754 and
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TABLE 3. Measurements of portions of the skull and lower jaw in three fragmentary (UA 9754, UA 9762, FMNH PR 2598) and three articulated
(UA 8679 [holotype], FMNH PR 2596, FMNH PR 2597) specimens of Simosuchus clarki that preserve elements of the head skeleton.

Measurement UA 8679 UA 9754 UA 9762 FMNH PR 2596 FMNH PR 2597 FMNH PR 2598

PAPW 26.2 ± 0.1 [R] — — 26.7∗ ± 0.1 [R]
(101.9%)

22.8∗ ± 0.0 [R]
(87.0%)

—

FDPH 10.2 ± 0.1 [R] — 9.3∗ ± 0.0 [R]
(91.2%)

— 9.2 ± 0.2 [R]
(90.2%)

—

QJTL 8.5 ± 0.0 [R] — — — 7.4∗ ± 0.0 [L]
(87.1%)

7.6 ± 0.1 [R]
(89.4%)

ECTH 18.5 ± 0.1 [R] 16.2 ± 0.1 [R]
(87.6%)

— — — —

PARW 15.6 ± 0.1 [L] — — 15.8∗ ± 0.1 [L]
(101.3%)

13.1 ± 0.1 [R]
(84.0%)

—

AVFH 11.5 ± 0.1 [R] — — — 10.2 ± 0.0 [R]
(88.7%)

8.9 ± 0.0 [R]
(77.4%)

SARW 4.6 ± 0.1 [R] — — — 5.0 ± 0.1 [R]
(108.7%)

4.0 ± 0.0 [R]
(87.0%)

The following measurements were made where possible, all selected specifically to facilitate estimation of the relative sizes of the highly fragmentary
specimens: PAPW = width of alveolar process of premaxilla (dorsal portion); FDPH = height of descending process of frontal (posterior portion);
QJTL = length of quadratojugal tubercle; ECTH = height of ectopterygoid; PARW = width of angular ramus (posterior portion); AVFH = height of
ventrolateral flange of angular (central portion); SARW = width of surangular ramus (central portion). For each measurement, the mean ± standard
deviation of 10 individual repeated measurements is given. All measurements are rounded to the nearest 0.1 mm. Letters in brackets indicate whether
the measurements were taken on the left [L] or right [R] side of the specimen. Percentages given in parentheses for UA 9754, UA 9762, and FMNH nos.
PR 2596–2598 represent the relative magnitudes of measurements taken from these five referred specimens expressed as percentages of corresponding
measurements recorded from the fully articulated holotype (UA 8679).
∗Measurement estimated because of slight breakage, erosion, or distortion.

UA 9762 were somewhat smaller than UA 8679, and that both
of the former specimens may have been closer in size to FMNH
PR 2597. If the latter of these inferences is correct, then UA 9754
and UA 9762 both likely represent adult individuals, although
perhaps relatively small ones. The adult status of UA 9762 is fur-
ther suggested by the highly rugose external surface of the dorsal
lamina of this fragmentary frontal.

Sexual Dimorphism in Simosuchus clarki?—The relatively ex-
tensive qualitative and quantitative differences in craniofacial
morphology clearly evident in comparisons between the holo-
type specimen (UA 8679) of S. clarki and the most complete
and articulated referred specimen (FMNH PR 2597) raise the
question of whether this taxon exhibited sexual dimorphism in
its skeletal shape and/or proportions. Indeed, in addition to being
more heavily ornamented and strongly angulated, the head skele-
ton of UA 8679 also exhibits a relatively wider snout (SNWA,
SNWP, AOIFD; Table 1), more widely spaced orbital fenestrae
(OIFD; Table 1), and more widely spaced quadrates (TQW; Ta-
ble 1) than does FMNH PR 2597, despite the two specimens
sharing very similar neurocranial proportions (e.g., OCW, BCH;
Table 1); all three of these proportional differences have been
documented as being sexually dimorphic in at least some extant
species of crocodylians (e.g., Crocodylus novaeguineae; see Hall
and Portier, 1994), with males exhibiting wider craniofacial skele-
tons than females.

Regional proportional differences in the skeletons of UA 8679
and FMNH PR 2597 appear not to be limited to the skull and
lower jaw. Rather, they also seem to be evident throughout the
pectoral girdle and forelimb as well. Based on detailed mea-
surements compiled by Sertich and Groenke (this volume:table
1), we calculated regional means of multiple pairwise compar-
isons made between these two specimens, grouped by measure-
ments of elements of the pectoral girdle (n = 3), stylopodium
and zeugopodium (n = 7), and autopodium (n = 14). This analy-
sis revealed that the relative sizes of appendicular elements var-
ied between specimens along a proximodistal axis, with FMNH
PR 2597 being larger than UA 8679 in the relative proportions
of its pectoral girdle (118%) and its stylopodia and zeugopodia
(109%), but smaller than UA 8679 in the relative proportions of
its autopodia (90%).

Collectively, these regional proportional differences between
UA 8679 and FMNH PR 2597 in the structure of both the cran-
iofacial and appendicular skeletons are suggestive not only of
sexual dimorphism, but perhaps even some degree of niche par-
titioning as well. Moreover, based on extrapolation from the
well-documented sexual dimorphisms known to exist among at
least some species of extant crocodylians (e.g., Crocodylus no-
vaeguineae; Hall and Portier, 1994), there is at least some reason
to believe that UA 8679 may represent a male individual, whereas
FMNH PR 2597 may represent a female.

Functional Implications

Habitual Head Posture—Sharing in common with most other
tetrapods a well-differentiated neck and a highly specialized
atlas-axis complex for articulation with the skull (see Georgi and
Krause, this volume), Simosuchus clarki doubtless possessed a
highly mobile head that could be freely rotated ventrally (i.e.,
flexed), dorsally (i.e., extended), and side-to-side (i.e., laterally
flexed), and also rotated about its own longitudinal axis. More-
over, the complete behavioral repertoire of S. clarki—i.e., tak-
ing into account all aspects of its feeding and locomotion, as
well as its possible stereotyped communicatory behaviors (e.g.,
Senter, 2008)—almost certainly included all of these potential
movements, quite likely to the full extent that each was possible,
at least under certain circumstances. Nevertheless, it is equally
likely that this species, like most other tetrapods that have been
investigated in this regard, also preferred to orient its head in a
specific and relatively steady position throughout a wide range of
its normal activities, thereby maintaining a characteristic habit-
ual head posture, upon which other behaviors involving the head
were superimposed (e.g., de Beer, 1947; Duijm, 1951a, 1951b).
Unfortunately, however, the highly unusual shape of the skull of
S. clarki makes it particularly challenging to infer the habitual
head posture of this species relative to those of most other fossil
tetrapods.

In many species of extinct (and extant) quadrupedal tetrapods,
the long axis of the rostrum lies nearly parallel with a hori-
zontal plane passing along the ventral surface of the braincase
(i.e., the palate and basicranium are more or less in line with
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one another), and the foramen magnum is oriented almost di-
rectly posteriorly. In such taxa having relatively ‘straight’ skulls,
a natural longitudinal cranial axis can be recognized with rela-
tive ease. In contrast, however, the skull of S. clarki is far from
straight: the preorbital portion of the skull is ventroflexed at an
angle of ∼20◦ relative to the mid-orbital portion, and both the
mid- and postorbital portions exhibit a continuous dorsal con-
vexity along most of their lengths; the ventral two-thirds of the

occiput is anteroflexed at an angle of ∼60◦ relative to the more
vertically oriented dorsal one-third; the foramen magnum and
occipital condyle differ in their orientations by ∼30◦, with nei-
ther sharing its orientation with that of either of the two pri-
mary occipital surfaces; and the basicranium and palate deviate
from coplanarity by ∼35◦. Thus, different portions of the skull
are suggestive of markedly different head orientations. Neverthe-
less, we note that placing the flat posterior-most dorsal surface
of the cranial table in a horizontal position results in the fora-
men magnum being oriented directly posteriorly, with the rela-
tively short dorsal occipital surface slanting along a steeply in-
clined anterodorsal-posteroventral axis between the former two
features (Fig. 36C); such orientations are fully consistent with
the way in which living crocodylians generally hold their heads
when alert. We further note that this head posture results in the
endocranial surface of the braincase being oriented horizontally
and the central portion of the bony palate being oriented nearly
horizontally (with only a very slight anterodorsal-posteroventral
declination) (Fig. 36C). Perhaps more significantly, however,
HRXCT scans of UA 8679 also reveal that, with the skull in
this position, the lateral semicircular canals are oriented such that
their major axes are inclined anterodorsally at an angle of ∼11◦

above horizontal (Fig. 36B).
It has long been hypothesized that terrestrial vertebrates gen-

erally hold their heads such that their lateral semicircular canals
are oriented horizontally (i.e., parallel to ‘Earth horizontal’)
(e.g., Girard, 1923; Ledebkin, 1924; de Beer, 1947; Duijm, 1951a,
1951b), and some recent authors have inferred the habitual head
postures of numerous extinct archosaurs based on this assump-
tion (e.g., Witmer et al., 2003; Sereno et al., 2007; Witmer and
Ridgely, 2009). However, as noted in recent reviews by Hullar
(2006) and Taylor et al. (2009), most available empirical data that
have been collected using modern experimental techniques sug-
gest that resting but alert vertebrates generally hold their heads
such that their lateral semicircular canals are in fact inclined
slightly anterodorsally relative to Earth horizontal (e.g., Mazza
and Winterson, 1984; Vidal et al., 1986; Brichta et al., 1988; Erich-
sen et al., 1989; Graf et al., 1995). The specific magnitude of this
inclination appears to vary somewhat among the relatively few
species that have been carefully studied in this regard, but the
most extensive data set available for any extant archosaur is that
for pigeons (Columba livia), which have been found to orient
their heads at rest such that their lateral semicircular canals are
inclined anterodorsally by 5◦–15◦ ( x̄ = 10◦) relative to Earth hor-
izontal (Erichsen et al., 1989). These data are clearly highly con-
cordant with our estimate of a ∼11◦ anterodorsal inclination of
the lateral semicircular canals in S. clarki, thereby providing fur-
ther corroboration of our inferences regarding the habitual head
posture of Simosuchus, based initially on external morphological
features.

Thus, based on all available external and internal morpholog-
ical evidence gleaned from the skull of S. clarki, and by com-

← FIGURE 36. Inferred habitual head posture of Simosuchus clarki,
illustrated using a three-dimensional reconstruction of the skull and lower
jaw of the holotype (UA 8679) generated from HRXCT scans. In this re-
construction, remaining matrix has been removed digitally so as to pro-
vide unobstructed views of unprepared internal regions of the head skele-
ton. A, right lateral view of the entire head skeleton; B, lateral cutaway
view through the right otic capsule, showing the orientation of the lateral
semicircular canal (solid line) relative to Earth horizontal (dashed line);
C, lateral cutaway view through the median sagittal plane, showing the
horizontal orientation of the ‘cranial table’ (ct), the posteriorly directed
orientation of the foramen magnum (fm), and the posteroventral orien-
tation of the occipital condyle (oc) relative to Earth horizontal (dashed
line).
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parison with the habitual head postures of numerous extant
tetrapods, we characterize that inferred for S. clarki as follows
(see Fig. 36): posterior portion of cranial table and endocranial
surface of parietal portion of cranial vault oriented horizontally;
central portion of bony palate oriented nearly horizontally; pre-
orbital (i.e., rostral) portion of dermal skull roof tilted downward
at an angle of ∼45◦ between horizontal and vertical; foramen
magnum oriented directly posteriorly; and occipital condyle ori-
ented posteroventrally at an angle of ∼30◦ below horizontal.

Diet and Feeding Mechanics—As is the case for the vast ma-
jority of extinct vertebrates, most aspects of the trophic biology
of Simosuchus clarki can be inferred only indirectly. Neverthe-
less, numerous aspects of the craniodental morphology of this
bizarre crocodyliform provide strong clues, albeit somewhat gen-
eral ones, about both its diet and feeding mechanics. In this ac-
count, we limit our discussion primarily to a re-evaluation and
extension of the preliminary functional interpretations presented
by Buckley et al. (2000) in their initial description of S. clarki,
which addressed several of the most salient morphological fea-
tures of the feeding apparatus of this species. A more detailed
and complete analysis of the feeding mechanics of S. clarki, tak-
ing into account fully the numerous osteological correlates of rel-
evant soft-tissue structures preserved in particular in the holo-
type specimen (UA 8679)—i.e., various trigeminal, facial, and
hypoglossal muscles, the cartilago transiliens, the cranial adduc-
tor tendon, etc.—will be presented as a future contribution else-
where.

As emphasized strongly by Buckley et al. (2000), the highly dis-
tinctive multicusped teeth of Simosuchus differ radically from the
far less elaborate conical teeth exhibited by most other crocodyli-
form taxa, the vast majority of which are thought to have been (or
are known to be) faunivorous. Furthermore, these authors noted
that the teeth of S. clarki are highly convergent upon those of cer-
tain extinct and extant amniotes that are thought to have been, or
are known to be, largely or exclusively herbivorous. In particular,
they noted a striking similarity between the teeth of Simosuchus
and those of certain ornithischian dinosaurs, such as ankylosaurs
and stegosaurs, which have long been thought to have been ded-
icated herbivores. Based on these observations, Buckley et al.
(2000:941) concluded that S. clarki was most likely “predomi-
nantly if not exclusively herbivorous.”

Since the initial discovery and description of S. clarki, ad-
ditional information about the structure and implantation of
its teeth has emerged, both through further preparation and
HRXCT scanning of the head skeleton of the holotype specimen
(UA 8679) and through the recent discovery and preparation of
an additional articulated specimen (FMNH PR 2596) that retains
exceptionally well-preserved premaxillary and maxillary teeth.
Our studies of these specimens, in conjunction with additional
comparisons made with other herbivorous vertebrates, provide
further corroboration of the observations and inferences made by
Buckley et al. (2000), and also elucidate additional characters of
the dentition that similarly support the hypothesis of herbivory in
Simosuchus. Specifically, building on those characters first noted
by Buckley et al. (2000), we identify a total of five dental char-
acters exhibited by S. clarki that are widely recognized as being
strongly correlated with herbivory among other vertebrates (e.g.,
Galton, 1986; Reisz and Sues, 2000): (1) the crowns of all teeth
are strongly compressed labiolingually and markedly expanded
mesiodistally; (2) the mesiodistally expanded crowns of all teeth
bear a linear array of numerous distinct cusps, with each oriented
apically at an angle of ∼45◦ (± ∼10◦) relative to the edge (mesial
or distal) of the crown; (3) the crowns of all but the most pos-
terior teeth are subtly spatulate in that each exhibits a shallow
lingual concavity near its base; (4) the crowns of successive teeth
are positioned close together, with little or no gap intervening be-
tween them; and (5) the crowns of all teeth are oriented such that
their mesiodistal axes are angled somewhat obliquely in ‘occlusal’

view, resulting in an ‘en echelon’ arrangement. These five dental
characters, in varying combinations and degrees of expression,
have been documented in an extraordinarily wide array of her-
bivorous vertebrates (Fig. 37), including some teleost fishes (e.g.,
Purcell and Bellwood, 1993), pareiasaurs (e.g., Lee, 2000), sev-
eral clades of both ornithischian and saurischian dinosaurs (e.g.,
Thulborn, 1970; Colbert, 1981; Attridge et al., 1985; Coombs and
Maryańska, 1990), iguanine lizards (e.g., Hotton, 1955; Ray, 1965;
Montanucci, 1968), and anomodont synapsids (e.g., Rybczynski
and Reisz, 2001). Such widespread adaptive convergence in tooth
morphology clearly points unambiguously toward Simosuchus as
having been predominantly herbivorous in its general feeding
habits.

In addition to several of the dental characters discussed above,
Buckley et al. (2000) also briefly considered the functional impli-
cations of several aspects of the morphology of the jaws them-
selves in Simosuchus. Two of these gnathic features—the antero-
posterior position of the craniomandibular joint and the length of
the lower jaw—are not only correlated with one another, but also
strongly interrelated functionally, because they both contribute
toward determining the lengths of the in- and out-levers within
the jaw apparatus during simple opening and closing movements
of the jaws. For this reason, we will consider these two characters
together.

In the vast majority of crocodyliforms, the body of the
quadrate is oriented such that its distal end projects moder-
ately to strongly posteroventrally, resulting in the condyle of the
quadrate, and thus the craniomandibular joint, being positioned
at or near the posterior end of the skull. In sharp contrast to
this arrangement, the distal end of the body of the quadrate
in Simosuchus projects ventrally and even slightly anteriorly
(Fig. 4), thereby resulting in the craniomandibular joint being po-
sitioned unusually far anteriorly relative to the more posterior
placement seen in other crocodyliforms. Analyzing the jaws as a
simple third-class lever system, it may be readily understood that
this anterior shift in the position of the jaw joint in Simosuchus,
by itself, would have had two effects: (1) shortening of the sys-
tem’s out-lever, or resistance arm (i.e., the distance between the
fulcrum, or pivot point, and the point of resistance), but only to
a relatively moderate degree; and (2) shortening of the system’s
in-lever, or force arm (i.e., the distance between the fulcrum and
the point of applied force), to a proportionately much greater de-
gree. Therefore, assuming that all other aspects of the system re-
mained constant, the net effect of these two changes would have
been an overall decrease in the system’s mechanical advantage.
That is, in the system under consideration here, the anterior shift
in the placement of the craniomandibular joint that occurred in
the evolution of S. clarki would have, by itself, resulted in a de-
crease in the force with which the jaws could have been closed, a
functional consequence that was noted by Buckley et al. (2000).

However, the anterior shift in the position of the jaw joint dis-
cussed above did not evolve by itself; rather, it evolved in con-
junction with an overall reduction in the length of the lower jaw,
which occurred not only through a shortening of its posterior end,
but also through an even greater shortening of its anterior end
(the latter being associated primarily with the extreme reduction
in the length of the snout of S. clarki, but also secondarily with
the shortening of the lower jaw relative to the upper jaw in this
species). It is significant to note that the latter of these modifica-
tions (i.e., shortening of the lower jaw anterior to the mandibular
adductor fossa) would have decreased the length of the system’s
out-lever without affecting that of its in-lever. Consequently, sig-
nificant shortening of the anterior portion of the lower jaw would
have resulted in a greatly increased mechanical advantage within
the system.

Thus, when considered together, the anterior shift in the place-
ment of the craniomandibular joint and the overall reduction in
the length of the lower jaw likely had the net effect of an evo-
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FIGURE 37. Individual teeth from a phylogenetically diverse sample of extant vertebrates known to be herbivorous and extinct vertebrates inferred
to have been herbivorous, including the notosuchian crocodyliform Simosuchus clarki (A), five iguanine squamates (B–F), three ornithischian di-
nosaurs (G–I), a pareiasaur (J), and an acanthurid actinopterygian (K). A, Simosuchus clarki (holotype, UA 8679), mesial-middle maxillary tooth in
lingual view. B, Amblyrhynchus cristatus (AMNH 75943), left fifth maxillary tooth in lingual view. C, Cyclura cornuta (AMNH 50799), right eighth
maxillary tooth in lingual view. D, Ctenosaura hemilopha (AMNH 147854), right 14th maxillary tooth in lingual view. E, Iguana iguana (AMNH
74631), left 14th maxillary tooth in lingual view. F, Sauromalus hispidus (AMNH 73616), 16th left dentary tooth in lingual view. G, Edmontonia ru-
gosidens, tooth of unknown placement, position, and orientation (redrawn after Coombs and Maryańska, 1990). H, Scutellosaurus lawleri, maxillary
tooth in lingual view (redrawn after Colbert, 1981). I, Lesothosaurus diagnosticus, maxillary tooth in lingual view (redrawn after Sereno, 1991). J,
Scutosaurus karpinskii, maxillary tooth in lingual view (redrawn after Lee, 2000). K, Acanthurus nigrofuscus, fourth left premaxillary tooth in medial
view (redrawn after Purcell and Bellwood, 1993).

lutionary increase in the mechanical advantage of the jaws in
S. clarki. This notwithstanding, however, Simosuchus was likely
not able to bite with particularly great force, due primarily to
the structure of its glenoid fossa, which lacks transverse but-
tresses both posteriorly and anteriorly. Stabilization of the cran-
iomandibular joint during jaw closing was therefore presumably
almost entirely dependent upon the action of muscles, most likely
those that inserted relatively close to the joint itself (e.g., M.
pterygoideus posterior, M. adductor mandibulae posterior).

Although implicit in the preceding analysis, it merits explicit
emphasis that, whereas the anterior shift in the placement of the
craniomandibular joint and the overall reduction in the length of
the lower jaw discussed above would have resulted in a net evo-
lutionary increase in the mechanical advantage of the muscles of
the M. adductor mandibulae complex during jaw closing, these
changes would have had the opposite effect on the velocity with
which Simosuchus could have closed its jaws. This represents an-
other independent line of evidence that supports the hypothe-
sis of herbivory in S. clarki, because it suggests that this species
would have been particularly poorly adapted for catching elusive
animal prey with its jaws.

It is particularly interesting to note that both the vertical orien-
tation of the body of the quadrate and the relative brevity of the
lower jaw, which as discussed above are of great importance in
dictating fundamental aspects of the feeding mechanics of Simo-
suchus, are features that are well known to characterize various
embryonic stages of extant crocodylians (Parker, 1883; Rieppel,
1993; Peterka et al., 2010). The presence of these and numerous
other such characters (e.g., dorsally convex skull roof throughout
mid- and postorbital regions of cranium; prominent ventroflex-
ion of preorbital portion of cranium; short, blunt snout; lack of
contact between palatal processes of left and right maxillae; large

orbits; long anterior process of jugal) throughout the craniofacial
skeleton in adult individuals of S. clarki suggests that paedomor-
phosis may have played a significant role in the evolution of this
species.

In addition to the anteroposterior position of the cran-
iomandibular joint and the extreme brevity of the lower jaw,
Buckley et al. (2000:942) also commented briefly on the morphol-
ogy of the glenoid fossa and how it might have influenced feeding
mechanics in S. clarki, noting that: “The glenoid fossa is narrow
anteroposteriorly, suggesting limited propalinal motion. This is
in stark contrast to the long jaw articulation in Notosuchus (Late
Cretaceous, Argentina) and Malawisuchus (Early Cretaceous,
Malawi).” Although we generally agree with this statement, we
emphasize the fact that limited propalinal movements were in-
deed possible in S. clarki, given that (1) the glenoid fossa lacks
a transversely oriented posterior buttress that would have pre-
vented forward translation of the articular relative to the condyle
of the quadrate; and (2) the main portion of the articular surface
of the glenoid fossa is nearly twice the length of the condyle of the
corresponding quadrate (see GFL vs. QCL in Tables 1 and 2).
Moreover, as described above, projecting from the lateral-most
part of the glenoid fossa is a prominent posterior expansion of
its articular surface; in the holotype specimen of S. clarki (UA
8679), this expansion extends posteriorly for a distance of ∼3 mm,
thereby effectively increasing the anteroposterior extent of the
articular surface for the lateral hemicondyle of the quadrate by
more than 25%.

Finally, one additional aspect of the craniomandibular joint not
discussed by Buckley et al. (2000), but of potential functional sig-
nificance in the context of the jaw closing mechanism of S. clarki,
is the dorsoventral position of the glenoid fossa. In contrast to
the condition exhibited by other crocodyliforms, the glenoid fossa
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lies well ventral to the dentary tooth rows in S. clarki. This ven-
tral shift in the placement of the glenoid fossa would have had
three potentially significant functional consequences: (1) it would
have increased the moment arms of many of the muscles of
the M. adductor mandibulae complex, in particular those whose
courses angled most strongly from posterodorsal to anteroven-
tral, such as the M. pseudotemporalis; (2) it would have decreased
the moment arms of both of the two largest members of the
M. adductor mandibulae internus group, the Mm. pterygoideus
anterior et posterior, due to the strongly angled anterodorsal-
to-posteroventral course of their fibers; and (3) perhaps most
significantly, this ventral position of the glenoid would have re-
sulted in the entire lower tooth row approaching the entire upper
tooth row at only a very shallow angle during jaw closing, thereby
maximizing the number of teeth that would have simultaneously
contacted a given food item contained either partially or fully
within the oral cavity. The ventral placement of the glenoid fossa
in S. clarki represents yet another anatomical feature consistent
with the hypothesis that this species was largely or entirely her-
bivorous, because similar morphologies are well known to have
evolved widely among numerous clades of herbivorous dinosaurs
(Galton, 1986).

Fossoriality and Burrowing—In their initial description
and preliminary functional assessment of Simosuchus clarki,
Buckley et al. (2000:943) stated that: “Several features suggest
that Simosuchus, like Malawisuchus, may have been an adept
head-burrower. These traits, seen in extant head-burrowing ver-
tebrates, include a short, flat, shovel-like snout and deep cranium,
a posteroventrally positioned occipital condyle that would ori-
entate the cranium in a more vertical position, a short, under-
slung lower jaw that would prevent friction from inadvertently
opening the jaws during burrowing, and extensive insertion ar-
eas for neck musculature (enlarged hypapophyses and elongated
neural spines on the cervical vertebrae, expanded squamosal re-
gion and occiput).” Although we agree fully that such traits are
characteristic of many (but not all) species of head-first burrow-
ing tetrapods, and that similar traits have indeed evolved con-
vergently in Simosuchus, numerous lines of evidence cast a sig-
nificant shadow of doubt over the hypothesis that these traits
evolved in Simosuchus as specific adaptations for head-first bur-
rowing.

Head-first burrowing represents one of the most highly spe-
cialized forms of fossorial locomotion. Simply defined, it entails
the construction of patent underground tunnel systems in com-
pact soils using the head as the primary burrowing instrument. In
that it involves forceful penetration and compaction of earth in
the immediate vicinity of the head against the roof, walls, and/or
floor of the tunnel being created, it differs fundamentally from
other methods of burrowing that rely on various limb- or jaw-
based excavation techniques (e.g., scratch digging, chisel-tooth
digging; Hildebrand, 1985) to physically dislodge and remove soil
from burrows. Moreover, although head-first subterranean loco-
motion in loose soils generally requires no significant specializa-
tions in craniofacial morphology, true head-first burrowing (i.e.,
that occurring in relatively densely packed substrates) is gener-
ally associated with relatively extreme morphological modifica-
tions due to the severe loading regimes imposed on the head
skeleton (Gans, 1974; Wake, 1993).

True head-first burrowing has evolved only very rarely among
extant quadrupedal tetrapods; this likely testifies to the rela-
tive efficiency of even the most generalized of tetrapod limbs as
digging instruments (Kley and Kearney, 2007). Rather, this de-
rived form of burrowing is by far most common among fosso-
rial forms of limbless and limb-reduced amphibians and reptiles,
which, of course, are unable to rely on limb-based digging tech-
niques for burrowing. Among such limbless and limb-reduced
taxa, head-first burrowing is most strongly developed in amphis-
baenians (e.g., Gans, 1960, 1968, 1969, 1974; Navas et al., 2004),

uropeltid snakes (e.g., Gans, 1973b, 1976; Gans et al., 1978; Ra-
jendran, 1985), and caecilians (e.g., Gaymer, 1971; Gans, 1973a;
Wake, 1993; O’Reilly et al., 1997). These are uniformly slen-
der animals, with most exhibiting head diameters of 0.5–2.5 cm;
moreover, nearly all have conspicuously modified snouts of vari-
ous shapes conducive to burrowing (e.g., round, conical, wedge-
shaped, keel-shaped, shovel-shaped). (For detailed discussions
regarding the theoretical principles underlying the functional sig-
nificance of snout size and shape in the context of head-first bur-
rowing mechanics, see Gans, 1960, 1968, 1974.)

In sharp contradistinction to the conditions just described,
Simosuchus, whose somatotype was decidedly not slender, ex-
hibits a broad and tall snout measuring more than 5 cm in
width and nearly 2.5 cm in height. Perhaps of equal or even
greater importance, it is not at all shaped like those of extant
head-first burrowers; rather, its relatively expansive anterior sur-
face is nearly completely flat. The snout of Simosuchus is there-
fore not “shovel-like” (contra Buckley et al., 2000:943) in that
it clearly lacks a dorsoventrally narrowed cutting edge, such as
those seen along the snouts of ‘shovel-headed’ amphisbaenians
(e.g., Rhineura [Gans, 1967a, 1967b], Leposternon [Gans, 1971],
Monopeltis [Gans and Lehman, 1973; Broadley et al., 1976]),
and which represents an important morphological component of
the soil penetration mechanisms used by these taxa (Gans, 1968,
1974). Furthermore, we suggest more generally that, based on
the above considerations (and others, such as the relatively large,
dorsally positioned external narial fenestrae and the morphology
of the sutures throughout the facial portion of the skull), that the
snout of Simosuchus exhibits no structural modifications to sug-
gest that this taxon engaged in, or was even capable of, head-first
burrowing.

Another craniofacial feature of S. clarki cited by Buckley et al.
(2000:943) as being suggestive of a head-first burrowing lifestyle
is its “underslung lower jaw.” Many extant head-first burrow-
ers do possess short, subterminal lower jaws, and in some taxa
they are even ‘countersunk’ such that they fit completely within
a dorsal recess created by the margins of the overhanging snout
and upper jaws, a characteristic perhaps most strongly expressed
among scolecophidian snakes (e.g., Jan and Sordelli, 1860–1866;
Boulenger, 1893; McDowell, 1974; Roux-Estève, 1974). As noted
by Buckley et al. (2000), this morphology assists in preventing the
mouth from being forced open as the overlying snout is rammed
forward during burrowing. However, the morphology exhibited
by Simosuchus in relation to this character differs significantly
from that seen among extant head-first burrowers in several ways.
First, only a relatively limited portion of the lower jaw would
have been ‘shielded’ from substrate reaction forces during bur-
rowing. With the jaws closed and the anterior dentary teeth
accommodated within the anterior palatal trough, the dorsal mar-
gin of the transverse part of the lower jaw is indeed partially
‘shielded’ anteriorly. However, the ventral portion of this part of
the jaw, a strip ∼ 1 cm in dorsoventral height, is still left exposed
along its anterior surface in this position. Second, and perhaps
even more significantly, the structures ‘shielding’ the dorsal mar-
gin of the transverse part of the lower jaw when it was closed were
the prominent, anteroposteriorly compressed, ventrally project-
ing premaxillary teeth, features of critical importance to the feed-
ing apparatus of Simosuchus, and ones that would likely not have
endured the extreme loading regimes associated with head-first
burrowing. Finally, although the anterior-most part of the lower
jaw of Simosuchus is contained within the overhanging margins
of the upper jaws, this is not at all true of the posterior part of the
jaw. Indeed, the ventrolateral flanges of the angular project well
beyond the lateral margins of the overlying skull. Thus, if the cra-
nium was rotated dorsally or forced anteriorly within a compact
substrate, associated reaction forces would, in fact, have tended
to force the jaws open. For these reasons, we do not believe that
the subterminal lower jaw of Simosuchus represents an adapta-
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tion for head-first burrowing; instead, its utility may have been
related to the cropping of low vegetation between the dentary
and premaxillary teeth when the head was lowered toward the
ground during feeding. In fact, several characters cited by Buck-
ley et al. (2000:943) as evidence of a head-first burrowing lifestyle
in Simosuchus could be interpreted at least equally as parsimo-
niously as instead being associated with a grazing lifestyle involv-
ing an habitually ventroflexed head that was frequently lowered
toward the ground and then raised again (e.g., posteroventrally
positioned occipital condyle, extensive insertion areas for neck
musculature).

Finally, we point toward the relatively large size of the orbits
in Simosuchus as being one of the most striking craniofacial fea-
tures that would appear to be highly inconsistent with a head-
first burrowing lifestyle in this taxon. It has long been recognized
that there is a strong tendency toward evolutionary reduction
(and sometimes even complete loss) of the eyes in fossorial ver-
tebrates, both in taxa that rely predominantly on their heads for
burrowing, and in those that rely more heavily on limb- and/or
jaw-based excavation techniques (e.g., Walls, 1942; Dubost, 1968;
Underwood, 1970). In at least some representatives of the latter
category, the risk of mechanical damage to the eyes during bur-
rowing may be relatively small, and ocular reduction in such taxa
could be due primarily to a reduced need for vision in a perpetu-
ally dark environment. However, in fossorial vertebrates that use
their heads as instruments for burrowing, the risk of direct trauma
to the eyes is clearly severe. Thus, nearly all head-first burrowers
exhibit markedly reduced eyes (relative to their non-burrowing
relatives), both in terms of their relative size and in their func-
tional complexity. In contrast, the size of the orbital fenestrae of
Simosuchus—accounting for approximately one-third of the total
mid-dorsal length of the skull—suggests that this taxon retained
relatively large eyes (even taking into account the possibility that
it possessed somewhat enlarged Harderian glands, as some bur-
rowing tetrapods do). Although the eyes of Simosuchus would
have been partially protected by some associated hard and soft
tissues (e.g., anterior and posterior palpebrals, eyelids, nictitat-
ing membranes), it would seem that they would have been very
poorly suited for a head-first burrower.

Based on the above considerations, we conclude that the mor-
phology of the head skeleton of S. clarki is inconsistent with
Buckley et al.’s (2000) hypothesis of a head-first burrowing
lifestyle for this taxon. Similarly, the postcranial axial and appen-
dicular components of the skeleton have also failed to reveal dis-
tinctive adaptations for burrowing behavior (Georgi and Krause,
this volume; Sertich and Groenke, this volume). That said, it nev-
ertheless remains possible that S. clarki may have occasionally
used its head to augment a limb-based scratch-digging mecha-
nism, much as some living crocodylians have been documented to
do (for a recent review, see Kley and Kearney, 2007). Indeed, one
extant species, Alligator sinensis, is known to construct remark-
ably extensive and elaborate burrow systems in this way, some
extending more than 50 m in length (Huang, 1982; Watanabe and
Huang, 1984).

Phylogenetic Implications

The first cladistic treatment of crocodyliform phylogeny was
presented in the seminal works of Clark (1986, 1994). Subsequent
work by various research groups has led to an expanded set of
characters that relate to reconstructing crocodyliform interrela-
tionships (e.g., Wu et al., 1997; Pol, 1999, 2003; Buckley et al.,
2000; Larsson and Gado, 2000; Ortega et al., 2000; Sereno et al.,
2001, 2003; Tykoski et al., 2002; Carvalho et al., 2004, 2007; Pol et
al., 2004, 2009; Pol and Norell, 2004a, 2004b; Turner, 2004, 2006;
Pol and Apesteguı́a, 2005; Turner and Calvo, 2005; Gasparini
et al., 2006; Jouve et al., 2006; Andrade and Bertini, 2008a; Turner
and Buckley, 2008; Jouve, 2009), with craniofacial morphology

providing the predominant source of phylogenetically informa-
tive characters in these analyses. This is understandable given the
robust construction and relative ease of preservation of cranial
remains among crocodyliforms and the corresponding paucity of
well-described postcranial skeletal material. Moreover, the rel-
evance of craniofacial morphology to phylogenetic reconstruc-
tion has expanded dramatically over the past 15 years with the
discovery of an increasingly diverse assemblage of notosuchian
crocodyliforms on Gondwanan landmasses. Collectively, these
taxa exhibit a wide diversity of craniofacial morphologies that un-
questionably departs from the stereotypical ‘crocodile’ gestalt.

With a few notable exceptions, monographic descriptions of
basal mesoeucrocodylians are rare, thus hindering comparisons
and the search for new characters and character systems for phy-
logenetic analysis. This detailed description of the craniofacial
morphology of Simosuchus clarki places many aspects of no-
tosuchian and basal mesoeucrocodylian cranial anatomy into a
comparative context and, due to the exquisite preservation of
the head skeleton of the holotype specimen (UA 8679), a num-
ber of understudied regions have been given an unprecedented
level of attention. The description of the skull and lower jaw
of Simosuchus presented here allows several additional phyloge-
netic characters to be identified and defined and also provides an
opportunity to reassess existing character sets.

Many of the highly derived craniofacial features discussed here
are autapomorphic for S. clarki. Indeed, 45 cranial autapomor-
phies are currently recognized (for a complete list, see Turner
and Sertich, this volume), thus providing a rich source of poten-
tial character data for future phylogenetic and taxonomic work.
Other regions of mesoeucrocodylian craniofacial anatomy offer
the possibility of expanded phylogenetic characters that are ex-
plored further by Turner and Sertich (this volume). For example,
the presence of an epipterygoid has only recently been recog-
nized among crocodyliforms (Holliday and Witmer, 2009). The
morphology of the epipterygoid in Simosuchus and the gross
morphology of the adductor chamber offer a source of phyloge-
netically informative characters whose potential has not yet been
explored. Moreover, the dentitions of most notosuchians, includ-
ing that of Simosuchus, show an enormous degree of morpho-
logical disparity in both the elaboration of cusps, denticles, and
enamel ridges and the physical record of feeding behavior, in-
cluding the presence or absence of abrasion surfaces. Expanding
the characterization of this dental morphology is crucial for de-
ciphering the phylogenetic interrelationships of notosuchians, in-
cluding Simosuchus. The shape and construction of the internal
narial fenestrae of Simosuchus appear to be, in many respects,
transitional to the derived morphologies exhibited by other noto-
suchians such as Notosuchus and Mariliasuchus on the one hand,
and Araripesuchus and peirosaurids on the other. Similarities be-
tween the choanal morphologies of Simosuchus, Uruguaysuchus,
and Libycosuchus—all with large, deep internal narial fenestrae
bordered almost entirely by the pterygoid—may represent the
plesiomorphic condition for Notosuchia.
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Buckley, G. A., and C.A. Brochu. 1999. An enigmatic new crocodile from
the Upper Cretaceous of Madagascar; pp. 149–175 in D. Unwin
(ed.), Cretaceous Fossil Vertebrates. Special Papers in Palaeontol-
ogy, No. 60, The Palaeontological Association, London, U.K.

Buckley, G. A., C. A. Brochu, D. W. Krause, and D. Pol. 2000. A pug-
nosed crocodyliform from the Late Cretaceous of Madagascar. Na-
ture 405:941–944.

Buffetaut, E., and P. Taquet. 1979. An early Cretaceous terres-
trial crocodilian and the opening of the South Atlantic. Nature
280:486–487.

Busbey, A. B., III. 1989. Form and function of the feeding apparatus of
Alligator mississippiensis. Journal of Morphology 202:99–127.

Carrano, M. T., M. A. Loewen, and J. J. W. Sertich. In press. New ma-
terials of Masiakasaurus knopfleri Sampson, Carrano, and Forster,
2001 and implications for the morphology of the Noasauridae
(Theropoda: Ceratosauria). Smithsonian Contributions to Paleobi-
ology.

Carrano, M. T., S. D. Sampson, and C. A. Forster. 2002. The osteol-
ogy of Masiakasaurus knopfleri, a small abelisauroid (Dinosauria:
Theropoda) from the Late Cretaceous of Madagascar. Journal of
Vertebrate Paleontology 22:510–534.

Carvalho, I. S. 1994. Candidodon: um crocodilo com heterodontia (No-
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Brasileiro. Boletim do Departamento Nacional da Produção Min-
eral, Divisão de Geologia e Mineralogia, Rio de Janeiro 188:
1–55.

Purcell, S. W., and D. R. Bellwood. 1993. A functional analysis of food
procurement in two surgeonfish species, Acanthurus nigrofuscus
and Ctenochaetus striatus (Acanthuridae). Environmental Biology
of Fishes 37:139–159.

Rajendran, M. V. 1985. Studies in Uropeltid Snakes. Publications Divi-
sion, Madurai Kamaraj University, Madurai, India, 132 pp.

Ray, C. E. 1965. Variation in the number of marginal tooth positions in
three species of iguanid lizards. Breviora 236:1–15.

Reisz, R. R., and H.-D. Sues. 2000. Herbivory in late Paleozoic and Trias-
sic terrestrial vertebrates; pp. 9–41 in H.-D. Sues (ed.), Evolution of
Herbivory in Terrestrial Vertebrates: Perspectives from the Fossil
Record. Cambridge University Press, Cambridge, U.K.

Rieppel, O. 1993. Studies on skeleton formation in reptiles. V. Patterns
of ossification in the skeleton of Alligator mississippiensis Daudin
(Reptilia, Crocodylia). Zoological Journal of the Linnean Society
109:301–325.

Rogers, R. R. 2005. Fine-grained debris flows and extraordinary ver-
tebrate burials in the Late Cretaceous of Madagascar. Geology
33:297–300.

Rogers, R. R., J. H. Hartman, and D. W. Krause. 2000. Stratigraphic anal-
ysis of Upper Cretaceous rocks in the Mahajanga Basin, northwest-
ern Madagascar: implications for ancient and modern faunas. Jour-
nal of Geology 108:275–301.

Rogers, R. R., D. W. Krause, K. Curry Rogers, A. H. Rasoamiaramanana,
and L. Rahantarisoa. 2007. Paleoenvironment and paleoecology
of Majungasaurus crenatissimus (Theropoda: Abelisauridae) from
the Late Cretaceous of Madagascar; pp. 21–31 in S. D. Sampson
and D. W. Krause (eds.), Majungasaurus crenatissimus (Theropoda:

Abelisauridae) from the Late Cretaceous of Madagascar. Society of
Vertebrate Paleontology Memoir 8. Journal of Vertebrate Paleon-
tology 27(2, Supplement).

Rogers, S. W. 1999. Allosaurus, crocodiles, and birds: evolutionary clues
from spiral computed tomography of an endocast. Anatomical
Record 257:162–173.

Romer, A. S. 1956. Osteology of the Reptiles. University of Chicago
Press, Chicago, Illinois, 772 pp.
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turelle. Nouvelle Série. Série A, Zoologie 87:1–313.

Rusconi, C. 1933. Sobre reptiles cretáceos del Uruguay (Uruguaysuchus
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APPENDIX 1. List of anatomical abbreviations.

ac, adductor chamber
acf, anterior carotid foramen
act, area of contact for cartilago transiliens
af ap, articular facet for anterior palpebral
af pp, articular facet for posterior palpebral
amnc, anteromedial narial crest
ang, angular
ang nvf, angular neurovascular foramina
ang ram, angular ramus
ang vlf, angular ventrolateral flange
ang vmp, angular ventromedial process
aof, antorbital fenestra
ap, anterior palpebral
ap af prf, anterior palpebral articular facet for prefrontal
apalf, anterior palatal foramen
apalfos, anterior palatal fossa
apt, anterior palatal trough
art ap, articular anterior process
art bod, articular body
art vmp, articular ventromedial process
asc, anterior semicircular canal (or endocast thereof)
asto, anterior supratemporal ossification
bo, basioccipital
bt, basal tubera
cav ept, cavum epiptericum
cavs, cavernous dural venous sinus (endocast)
cer, cerebrum (endocast)
CN, cranial nerve
CN II, optic nerve (endocast)
CN III, oculomotor nerve (endocast)
CN V, trigeminal nerve (endocast)
CN VI, abducens nerve (endocast)
CN IX + X, glossopharyngeal and vagus nerves (endocast)
CN XII a, anterior rootlets of hypoglossal nerve (endocast)
CN XII p, posterior rootlets of hypoglossal nerve (endocast)
cqc, cranioquadrate canal
ct, ‘cranial table’
dals, dorsal alveolar spines
den, dentary
den alg, dentary alveolar groove
den alp, dentary alveolar process
den alp lal, dentary alveolar process labial lamina
den alp lil, dentary alveolar process lingual lamina
den alv, dentary alveolus
den nvf, dentary neurovascular foramina
den pdp, dentary posterodorsal process
den ram, dentary ramus
den sdp, dentary subdental process
den smp, dentary submeckelian process
den t, dentary tooth
dls, dorsal longitudinal dural venous sinus (endocast)
dmdals, dorsomedial dorsal alveolar spine
ds, dorsum sellae
ect bod, ectopterygoid body
ect dsp, ectopterygoid descending process
ect pp, ectopterygoid posterior process
emf, external mandibular fenestra
enf, external narial fenestra
eor, external otic recess
ept, epipterygoid
fa, foramen aereum
fl, flocculus (endocast)
fm, foramen magnum
fro, frontal
fro ap, frontal anterior process
fro ap dl, frontal anterior process dorsal lamina

fro dl, frontal dorsal lamina
fro dsp, frontal descending process
fro lc, frontal longitudinal crest
gfos, glenoid fossa
hf, hypophyseal fossa (or endocast thereof)
idr, interdental ridge
ifor, incisive foramen
ifos, incisive fossa
in, internal naris
inf, internal narial fenestra
inpf, internal narial posterior fossa
itf, infratemporal fenestra
jug ap, jugal anterior process
jug ap dc, jugal anterior process dorsal crest
jug ap vlc, jugal anterior process ventrolateral crest
jug ap vmc, jugal anterior process ventromedial crest
jug asp, jugal ascending process
jug pp, jugal posterior process
jug pp vmc, jugal posterior process ventromedial crest
lac can, lacrimal canal
lac can ao, lacrimal canal anterior opening
lac can po, lacrimal canal posterior opening
lac fl, lacrimal facial lamina
lac fl ap, lacrimal facial lamina anterior process
lac fl dsp, lacrimal facial lamina descending process
lac ol, lacrimal orbital lamina
lac plc, lacrimal posterolateral crest
leuf, lateral Eustachian foramen
lpt, lateral palatal trough
ls all, laterosphenoid anterolateral lamina
ls cotc, laterosphenoid cotylar crest
ls cp, laterosphenoid capitate process
ls ped ept, laterosphenoid pedicel for epipterygoid
ls pll, laterosphenoid posterolateral lamina
lsc, lateral semicircular canal (or endocast thereof)
mac, mandibular canal
maf, mandibular adductor fossa
max, maxilla
max alg, maxillary alveolar groove
max alp, maxillary alveolar process
max asp, maxillary ascending process
max nvf, maxillary neurovascular foramina
max pap, maxillary palatal process
max t, maxillary tooth
mc, Meckel’s canal
meuf, median Eustachian foramen
meut ab, median Eustachian tube, anterior branch
meut pb, median Eustachian tube, posterior branch
mfis, metotic fissure
mg, Meckel’s groove
moc, mid-orbital crest
mr, recess for Meckel’s cartilage
nas, nasal
nc, nuchal crest
npc, nasopharyngeal canal
oa, otic aperture
ob, olfactory bulb (endocast)
oc, occipital condyle
ocs, occipital dural venous sinus (endocast)
of, orbital fenestra
oinc, otic incisure
ot, olfactory tract (endocast)
oto, otoccipital (opisthotic-exoccipital)
pal asp, palatine ascending process
pal pap, palatine palatal process
par, parietal
par dl, parietal dorsal lamina



par dsp, parietal descending process
par sin, parietal sinus
parop, paroccipital process
pbs, parabasisphenoid (parasphenoid-basisphenoid)
pbs ros, parabasisphenoid rostrum
pcf, posterior carotid foramen
pgs, postglenoid spine
plnc, posterolateral narial crest
pmx, premaxilla
pmx alg, premaxillary alveolar groove
pmx alp, premaxillary alveolar process
pmx alp al, premaxillary alveolar process anterior lamina
pmx alp pl, premaxillary alveolar process posterior lamina
pmx alv, premaxillary alveolus
pmx dlp, premaxillary dorsolateral process
pmx dmp, premaxillary dorsomedial process
pmx pap, premaxillary palatal process
pmx t, premaxillary tooth
pnfor, perinarial foramen
pnfos, perinarial fossa
po amp, postorbital anteromedial process
po amp dl, postorbital anteromedial process dorsal lamina
po amp ol, postorbital anteromedial process orbital lamina
po dl, postorbital dorsal lamina
po dsp, postorbital descending process
po dsp dpl, postorbital descending process dorsal plate
po dsp ol, postorbital descending process orbital lamina
po dsp pll, postorbital descending process posterolateral

lamina
po ol, postorbital orbital lamina
po pp, postorbital posterior process
po pp dl, postorbital posterior process dorsal lamina
pooc, postorbital crest
posf, preotic siphoneal foramen
pp, posterior palpebral
pp af po, posterior palpebral articular facet for postorbital
prf dl, prefrontal dorsal lamina
prf dsp, prefrontal descending process
prf ol, prefrontal orbital lamina
pro, prootic
proc, preorbital crest
psc, posterior semicircular canal (or endocast thereof)
psca, ampulla of posterior semicircular canal (endocast)
psf, parasymphyseal fossa
pss, parasymphyseal spine
psto, posterior supratemporal ossification
pstop, postoccipital process
pt, pterygoid
pt ap, pterygoid anterior process
pt ap dll, pterygoid anterior process dorsolateral lamina
pt ap vnl, pterygoid anterior process ventral lamina
pt ap vrl, pterygoid anterior process vertical lamina
pt dp, pterygoid dorsal process
pt ped ept, pterygoid pedicel for epipterygoid
pt pl, pterygoid plate
pt qp, pterygoid quadrate process
pt tp, pterygoid transverse process
pt tp ac, pterygoid transverse process anterior crest
pt tp dt, pterygoid transverse process dorsal tuberosity
pt tp vc, pterygoid transverse process ventral crest
ptf, posttemporal fenestra
q, quadrate
q adp, quadrate anterodorsal process

q bod, quadrate body
q dp, quadrate dorsal process
q dph, quadrate dorsal primary head
q lhc, quadrate lateral hemicondyle
q mhc, quadrate medial hemicondyle
q ptp, quadrate pterygoid process
qj, quadratojugal
qj ap, quadratojugal anterior process
qj asp, quadratojugal ascending process
qj cpl, quadratojugal central plate
qj tub, quadratojugal tubercle
rap, retroarticular process
rt, replacement tooth
so, supraoccipital
so sin, supraoccipital sinus
soc, supraorbital crest
sof, suborbital fenestra
spl, splenial
spl ml, splenial medial lamina
spl vl, splenial ventral lamina
sps, sphenoparietal dural venous sinus (endocast)
sq, squamosal
sq adsl, squamosal anterior descending lamina
sq ap, squamosal anterior process
sq mp, squamosal medial process
sq pdsl, squamosal posterior descending lamina
sq pp, squamosal posterior process
stfen, supratemporal fenestra
stfos, supratemporal fossa
sur, surangular
sur nvf, surangular neurovascular foramina
sur ram, surangular ramus
sur ram ldf, lateral descending flange of surangular ramus
sur ram mdf, medial descending flange of surangular ramus
sur vmp, surangular ventromedial process
sym, mandibular symphysis
sym tub, symphyseal tubercle
tof, temporo-orbital foramen
ts, transverse dural venous sinus (endocast)
vac, ventral alveolar canal
vaf, ventral alveolar foramen
vag, ventral alveolar groove
vldals, ventrolateral dorsal alveolar spine
vls, ventral longitudinal dural venous sinus (endocast)
vo, vomer
vo asp, vomer ascending process
vo pap, vomer palatal process
III, oculomotor foramen
IV, trochlear foramen
V, trigeminal foramen
V fos, trigeminal fossa
V2+3 gr, maxillomandibular groove
V3 gr, groove for mandibular nerve
V3 iab, foramen for internal angular branch of mandibular

nerve
V3 isb, foramen for internal surangular branch of mandibular

nerve
VI, abducens canal/foramina
VII, facial foramen
VIII, vestibulocochlear foramen
IX + X, foramen for glossopharyngeal and vagus nerves
XII a, anterior hypoglossal foramen
XII p, posterior hypoglossal foramen


