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Abstract

Diverse crocodyliforms have been discovered in recent years in Cretaceous rocks on southern landmasses
formerly composing Gondwana. We report here on six species from the Sahara with an array of trophic
adaptations that significantly deepen our current understanding of African crocodyliform diversity during
the Cretaceous period. We describe two of these species (Anatosuchus minor, Araripesuchus wegeneri) from
nearly complete skulls and partial articulated skeletons from the Lower Cretaceous Elrhaz Formation
(Aptian-Albian) of Niger. The remaining four species (Araripesuchus ratroides sp. n., Kaprosuchus saharicus
gen. n. sp. n., Laganosuchus thaumastos gen. n. sp. n., Laganosuchus maghrebensis gen. n. sp. n.) come
from contemporaneous Upper Cretaceous formations (Cenomanian) in Niger and Morocco.
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Introduction

Crocodyliforms were particularly diverse during the Cretaceous period and long have
been a focal point for paleobiogeographic hypotheses regarding the timing of the
break-up of Gondwana (Buffetaut and Taquet 1979; Buffetaut and Rage 1993; Sereno
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at al. 2003; Turner 2004). South America has the most complete fossil record of Cre-
taceous crocodyliforms. More than a dozen genera are known from Late Cretaceous
rocks in Argentina and Brazil, which are characterized by a broad range of skull shapes
pertaining to terrestrial carnivores, piscivores and herbivores (Ortega et al. 2000; Mar-
tinelli 2003; Candeiro et al. 2006; Candeiro and Martinelli 2006; Fiorelli and Calvo
2008; Marinho and Carvalho 2009). A similar range of Cretaceous crocodyliforms,
although less taxonomically diverse, has been described recently from other south-
ern landmasses, namely Madagascar (Buckley and Brochu 1999; Buckley et al. 2000;
Turner 2006; Turner and Buckley 2008), Indo-Pakistan (Wilson and Gingerich 2001;
Prasad and Broin 2002) and Australia (Salisbury et al. 20006).

In this paper, we provide an initial description of a range of Cretaceous crocodyli-
forms from continental Africa that rivals the record from South America in taxonomic
and morphological diversity (Table 1). These African crocodyliforms, discovered in
fossiliferous horizons in Morocco and Niger (Fig. 1), offer new insights into the evolu-
tion of crocodyliform trophic and locomotor adaptations and have significant impact
on the understanding of Cretaceous paleobiogeography on southern landmasses.

Table I. Fossil material described in this report.

Taxon Number Material Country, Formation, Age
Anatosuchus l(\}/}(l)\ll(l)\tlyéiD 603 Juvenile skull Niger, Elrhaz FormatioTl,
minor MNN GAD17 Skull and partial skeleton k(l)l‘)’;’z;)c retaceous (Aptian-
MNN GAD18 Partial dentary
MNN GAD19 Cranium
) Partial skulls and Niger, Elrhaz Formation,
Ararip m’fdjw MNN GAD20-24 skeletons on block Lo%ver Cretaceous (Aptian-
wegenert MNN GAD25 Partial skeleton Albian)
MNN GAD26 Juvenile dentary
. (holotype) . Morocco, Kem Kem
Iizzj; ;z?c/}w CMN 41893 Right dentary Beds, Upper Cretaceous
UCRC PV3 Dentary section (Cenomanian)
Niger, Elrhaz Formation,
Araripesuchus sp. MNN GAD27 Large dentary Lower Cretaceous (Aptian-
Albian)
s o N s P
saharicus MNN IGU12 .
(Cenomanian)
Laganosuchus  (holotype) Lower jaws I[\Jj;fff’r lécr};lt{;creizmanon’
thaumastos MNN IGU13 .
(Cenomanian)
Morocco, Kem Kem
LogIea s (belog:) Dentary section Beds, Upper Cretaceous
maghrebensis ~ UCRC PV2 Y > ©PP

(Cenomanian)
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Figure 1. Map showing location of field areas in Morocco and Niger. Principal Cretaceous outcrops
yielding Cretaceous crocodyliforms shown in red. A Exposures of the early late Cretaceous (Cenomanian)
Kem Kem Beds in eastern Morocco (left) and late Early Cretaceous (Aptian-Albian) exposures at Gad-
oufaoua and early late Cretaceous exposures (Cenomanian) at Iguidi in Niger (right). B Exposures of the
Upper Cretaceous Kem Kem Beds in eastern Morocco on the slope below the cliff edge, which is held by
the overlying Cenomanian-Turonian limestone. € Aerial view of Gadoufaoua and the peneplain exposure
of the Lower Cretacoeus Elrhaz Formation in central Niger. The Elrhaz Formation consists of low-lying
patches of purplish outcrop exposed among the dune fields of the Ténéré Desert.

Fossil evidence from Africa

Circum-Sahara. The earliest discoveries of Cretaceous crocodyliforms in Africa were
made in Cenomanian-age rocks in the eastern Sahara in Egypt. Stromer described a
“blunt-snouted” skull as Libycosuchus brevirostris (Stromer 1914) and a much longer,
“duck-faced” skull as Stomatosuchus inermis (Stromer 1925, 1936) (Fig. 2). The holo-
type skull of Libycosuchus, one of the few fossil vertebrates from Stromer’s Egyptian
collection to survive World War II, has since been widely interpreted as a basal noto-
suchian (Price 1959; Gomani 1997; Ortega et al. 2000; Carvalho et al. 2004; Pol
and Apesteguia 2005; Fiorelli and Calvo 2008), following initial comments by Price
(1955). Stomatosuchus, given its unusual morphology and the loss of the holotype
and only known remains, has not been placed with confidence within crocodyliform
phylogeny, although often compared and sometimes allied with the South American
Cenozoic eusuchian clade “Nettosuchidae” (Steel 1973). Its flattened, U-shaped skull
is nearly two meters in length, its lower jaws are slender, and its teeth are small and
closely set, as described by the only authors to examine the original material (Stromer
1925, 1936; Nopsca 1926). Discovery of a closely related genus from Niger and Mo-
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Figure 2. Skull and cervical vertebra of the crocodyliform Stomatosuchus inermis. A Cranium in
ventral view. B Right lower jaw in medial view. C Right lower jaw (reversed) in dorsal view. D cervical
vertebra in anterior view. E Right quadrate in ventral view. F Skull reconstruction in dorsal view. G Skull
reconstruction in lateral view. Scale bar for A-E equals 50 cm. A-E from Stromer (1925); F and G from

Stromer (1936).

rocco, described below, represents the first new information available for this highly
specialized crocodyliform clade.

The remaining Cretaceous crocodyliform taxa know from the circum-Sahara come
from Lower Cretaceous (Aptian-Albian) and Late Cretaceous (Cenomanian) horizons,
which are best exposed and explored in Morocco and Niger (Fig. 1). Well preserved
crocodyliforms were first discovered from Aptian-Albian horizons at Gadoufaoua, a
richly fossiliferous area along the western edge of the Ténéré Desert in Niger. Two spe-
cies were initially described, the giant Sarcosuchus imperator (Broin and Taquet 1966;
Buffetaut and Taquet 1977) and a new species, Araripesuchus wegeneri Buffetaut and
Taquet 1979; Buffetaut 1981), which was assigned to a genus originally described
from northeastern Brazil (Price 1959). Recovery and study of more complete skulls
and partial skeletons of Sarcosuchus has clarified its phylogenetic position among pho-
lidosaurid crocodyliforms (Sereno et al. 2001). The generic assignment of A. wegeneri
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and its associated biogeographic significance have remained controversial (Ortega et al.
2000), given the fragmentary nature of the holotype (a partial snout with only a few
teeth bearing complete crowns). The much more complete remains described below,
however, leave no doubt about its assignment to Araripesuchus, a genus that may reside
at the base of Notosuchia (Price 1955, 1959; Sereno et al. 2003; Pol and Apesteguia
2005; Fiorelli and Clavo 2008).

More recently two additional crocodyliforms were described from Aptian-Albian
horizons at Gadoufaoua in Niger. Stolokrosuchus, a narrow-snouted crocodyliform
based on a nearly complete skull (Larsson and Gado 2000), has been interpreted as
close to Peirosaurus (Price 1955) among basal neosuchians (Larsson and Gado 2000;
Fiorelli and Calvo 2008). Anatosuchus, a blunt-snouted notosuchian based on a juve-
nile skull (Sereno et al. 2003), is reconsidered below in the light of a well preserved
adult skull and partial skeleton.

Well preserved crocodyliforms have also been described from Cenomanian ho-
rizons in Morocco and Algeria. Hamadasuchus, originally based on a partial dentary
(Buffetaut 1994), is now known from complete cranial remains with generalized skull
proportions (Larsson and Sues 2007). Elosuchus (Broin 2002), a narrow-snouted croc-
odyliform originally based on fragmentary remains from Algeria referred to 7horaco-
saurus (Lavocat 1955), is now also known from well preserved cranial remains from
Niger and has been considered a close relative of Stolokrosuchus (Broin 2002). Ceno-
manian horizons in Morocco and Niger have yielded molariform teeth (Larsson and
Sidor 1999) and other specimens that suggest a diverse array of specialized crocodyli-
forms was present during the Late Cretaceous on Africa similar to that known from
South America (Montefeltro et al. 2009). Below we describe three new species from
these horizons.

Post-Cenomanian crocodyliforms from circum-Saharan Africa are limited to iso-
lated elements collected from a small exposure of “Senonian” beds in Niger (Buffetaut
1976). The genus Trematochampsa was erected on the basis of an isolated right lacrimal,
and several additional species have been assigned to Trematochampsa from distant lo-
cales in Madagascar (Buffetaut and Taquet 1979) and Argentina (Chiappe 1988). The
validity of the original genus and species has long been questioned (Gasparini et al.
1991), and a new genus (Miadanasuchus) was recently erected for material from Mada-
gascar (Rasmusson Simons and Buckley 2009). Restudy of the collection from Niger
will be needed to resolve its taxonomic affinities.

Eastern Africa. Two blunt-snouted notosuchians with multicusped teeth have been
described from continental eastern Africa based on partial skeletons with well pre-
served skulls. The first, Malawisuchus, comes from Lower Cretaceous beds in east-
ern Malawi (Gomani 1997). Its molariform, multicusped posterior maxillary crowns
closely resemble those of the Brazilian notosuchid Candidodon (Carvalho 1994; Zaher
et al. 2006) and engaged opposing crowns in anteroposterior (proal) jaw movement
(Gomani 1997), as in the notosuchians Mariliasuchus (Zaher et al. 2006) and Notosu-
chus (Price 1959; Lecuona and Pol 2008).
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The second is a new blunt-snouted species (O’Connor et al. 2008) discovered re-
cently in Lower Cretaceous horizons in southwestern Tanzania (Roberts et al. 2004).
The dentition is markedly heterodont with incisiform, caniniform and molariform teeth
that may have accommodated fore-aft jaw movement similar to that described above.

Methods

Preparation. Fossil material was prepared using pin vice, pneumatic air scribe, and air-
powered abrasives. To reduce color distractions in photographic images, some fossils
were molded in silicone and cast in matt-grey epoxy.

Imaging. Computed tomography was undertaken for several of the skulls and one
postcranial skeleton. The skull of Kaprosuchus saharicus MNN 1GU12) was scanned
by a Philips Brilliance 64-slice scanner at 80 Kv in the University of Chicago Hospitals.
The cranium of Araripesuchus wegeneri (MNN GAD19), a dentary section of Araripe-
suchus rattoides (UCRC PV3), and the skull and partial skeleton of Anatosuchus minor
(MNN GAD17) were scanned at the High-Resolution X-ray Computed Tomography
Facility at The University of Texas at Austin.

Anatomical terms. We employ traditional, or “Romerian”, anatomical and directional
terms over veterinarian alternatives (Wilson 2006). We use “anterior” and “posterior”
as directional terms, for example, rather than the veterinarian alternatives “rostral”
or “cranial” and “caudal”. For the dentition, we use “mesial” and “distal” rather than
“anterior” and “posterior” to accommodate reorientation of the crown along an arched
dental arcade.

For crocodyliform skull shape, we employ five terms from the literature (Langston,
1973; Busbey 1994; Brochu 2001) that have been used to describe the rostrum, the
most variable aspect of the crocodyliform skull: (1) generalized, (2) blunt-snouted, (3)
narrow-snouted, (4), duck-faced (= platyrostral); and (5) deep-snouted (= ziphodont
or oreinirostral). Despite their utility, these skull shape categories do not neatly divide
crocodyliform skull shape in multivariate space (Brochu 2001).

For tooth identification, we use tooth number and a letter abbreviation for dentary
(d), premaxillary (pm), and maxillary (m) teeth (e.g., “pm4” = fourth premaxillary
tooth). For tooth form, we avoid the term “ziphodont” in order to separate tooth shape
and the ornamentation of the carina. For tooth shape, we employ the terms “incisi-
form,” “caniniform” and “postcaniniform” in species with differentiated dentitions,
as defined below. For tooth ornamentation, we use the term “denticle” to identify
subconical projections along the carina that are directed apically and “serration” for
subrectangular projections that are directed at a right angle to the carina.

Taxonomic terms. We use a small number of suprageneric taxa to tag specific clades
within Crocodylomorpha (Fig. 3). Phylogenetic definitions were proposed for these
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Figure 3. Higher level taxonomic framework. Phylogenetic taxonomic framework employed in the
present work (following Sereno et al. 2001). Taxa surrounding two important junctions within Crocody-
lomorpha are stabilized with node-stem triplets, in which a node-based taxon (Crocodyliformes, Metas-
uchia) is composed of two subordinate stem-based taxa (Protosuchia + Mesoeucrocodylia; Notosuchia +
Neosuchia). Dots and arrows indicate node-based and stem-based definitions, respectively. Tone indicates

extant crocodylians.

taxa with the aim of stabilizing their meaning (Sereno et al. 2001). These definitions
specify Crocodylomorpha and Crocodylia as stem and node-based taxa, respectively.
The latter comprises the crown clade, as specified by the species Gavialis gangeticus
and Crocodylus niloticus. Two node-stem triplets (Sereno 2005) are positioned at two
important nodes between Crocodylomorpha and Crocodylia. These include Croco-
dyliformes, composed of stem-based Protosuchia and Mesoeucrocodylia, and Metas-
uchia, composed of Notosuchia and Neosuchia. Data concerning the historical usage
for these six taxa and their phylogenetic definitions are available online (Sereno 2005;
Sereno et al. 2005).

The crocodyliforms in this paper would be widely regarded as metasuchians, their
position within that clade comprising the central phylogenetic question. The taxo-
nomic framework outlined here specifies a split within Metasuchia, the fundamental
phylogenetic question being whether the new crocodyliforms are closer to Notosuchus
terrestris or Crocodylus niloticus. This is a heuristic taxonomic framework, given the cur-
rent state of flux in basal metasuchian phylogeny.

Institutional and collection abbreviations:

AMNH American Museum of Natural History, New York, New York, USA
CMN Canadian Museum of Nature, Ottawa, Ontario, Canada
FMNH Field Museum of Natural History, Chicago, Illinois, USA
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LH Las Hoyas collection, Museo de Cuenca, Cuenca, Spain

MCNA Museo de Ciencias Naturales y Antropolégicas (J. C. Moyano) de Mendoza,
Mendoza, Argentina

MNN Muséum National du Niger, Niamey, République de Niger

TMM TMM, Texas Memorial Museum, Austin, Texas, USA

UCRC University of Chicago Research Collection, Chicago, Illinois, USA

Results

Systematic Paleontology

Systematic hierarchy:
Crocodylomorpha Hay, 1930 sensu Walker, 1970
Crocodyliformes Hay, 1930
Mesoeucrocodylia Whetstone & Whybrow, 1983
Metasuchia Benton & Clark, 1988
Notosuchia Gasparini, 1971

Anatosuchus minor Sereno et al., 2003
Figs. 4-10, 12, 13

Tables 2—6

Sereno et al. (2001, figs. 1, 2)

Holotype. MNN GADG6O03; nearly complete skull with lower jaws of a subadult indi-
vidual; margins of the skull are eroded away. The holotype was previously catalogued
as “GDF603” (Sereno et al. 2003).

Type locality. Gadoufaoua, Agadez District, Niger Republic (N 16° 46’, E 9° 22°)
(Fig. 1A, C).

Horizon. Elrhaz Formation, Tegama Series; Lower Cretaceous (Aptian-Albian),
ca. 110 Mya (Taquet 1976). In association with a diverse dinosaurian fauna (Taquet
1976; Sereno et al. 1998, 1999, 2007; Taquet and Russell 1999; Sereno and Brusatte
2008) and the crocodyliforms Sarcosuchus imperator (Broin and Taquet 1966; Sereno
et al. 2001), Araripesuchus wegeneri (Buffetaut and Taquet 1979), and Swolokrosuchus
lapparenti (Larsson and Gado 2000). At a single field locality (G109), specimens were
recovered that are referable to Anatosuchus minor (MNN GAD18) and Araripesuchus
wegeneri (MNN GAD19).

Referred material. MNN GAD17 (Figs. 4-8, 12, 13), nearly complete skull with
lower jaws lacking only the anterolateral corner of the snout in articulation with a
postcranial skeleton lacking the right pectoral girdle and forelimb, most of both hind
limbs, sacrum, and tail; MNN GAD18 (Fig. 9), mid-section of the left dentary pre-
serving alveoli 7—14 and the anterior tip of the left splenial.
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Revised diagnosis. Small-bodied metasuchian (< 1.0 m) with low transversely ex-
panded snout that forms the broadest portion of the cranium, broad-based anteriorly
projecting pointed internarial bar, lenticular-shaped external nares, elevated narial bridge
which expands transversely behind the external nares, prominent median edentulous
dentary margin, laterally projecting vascularized dentary shelf on parasagittal portion of
dentary ramus, enlarged neurovascular foramina located along the anterior snout mar-
gin, anterior snout margin smooth, vertical and sharply defined on the premaxilla and
maxilla, oval splenial fenestra on the anterior transverse portion of the lower jaw, six pre-
maxillary teeth, premaxillary and anterior maxillary tooth row that angles ventrolater-
ally toward the corner of the snout at approximately 25°, largest upper and lower teeth
positioned along the bend in the L-shaped tooth row (m4, d12), three pairs of cervical
osteoderms that decrease in size posteriorly, large manus (30% skull length), elongate
poorly recurved manual unguals on digits I-III, and manual digit IV with six phalanges.

The initial description was based on an immature skull embedded in a hematit-
ic concretion (MNN GADGO03). The concretion was discovered on the surface with
prominent edges of the skull, such as the anterior end of the snout, trimmed by erosion
(Sereno et al. 2003). The likeness drawn between Anatosuchus and the South American
genus Comahuesuchus was based on a few seemingly unique features, such as a diastema
between the premaxillary tooth rows, which we can now say arose in the immature
skull of Anatosuchus as an artifact of erosion. The revised diagnosis is based mainly on
a referred adult skull and partial articulated postcranium (MNN GAD17) that pre-
serves an intact portion of the paravertebral shield (Fig. 4). This well preserved skull
was found embedded in sandstone, the right corner of the snout, right limbs, sacrum
and tail lost to erosion. The additional information available for both Anatosuchus and
Comahuesuchus confirms Martinelli’s (2003) view that these genera are not closest rela-
tives among known notosuchians.

Ima

Figure 4. Skeleton of the crocodyliform Anatosuchus minor. Skull and partial postcranial skeleton
(MNN GAD17) in dorsal view. Scale bar equals 10 cm. Pink tone indicates restored snout margin. Abbre-
viations: col, cervical osteoderm 1; do1, 5, 12, dorsal osteoderm 1, 5, 12; £, femur; f, fibula; /4, humerus;
[, left; ma, manus; r, right; #, tibia.
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Dorsal skull roof. In A. minor the snout becomes relatively broader and longer dur-
ing growth. In the juvenile holotype specimen MNN GADG603, the width of the skull
across the rounded anterior corner of the snout is subequal to that across the suborbital
ramus of the jugal (Sereno et al. 2003). Preorbital length, in addition, is subequal to
that of the remainder of the skull. In mature individuals, in contrast, the anterior snout
corner is the broadest region of the skull, and preorbital length is approximately 20%
greater than the posterior portion of the skull (MNN GAD17; Figs. 5, 6; Tables 2, 3).
The following description is based primarily on this specimen.

The premaxilla is a broad bone housing six recurved teeth. The base of the in-
ternarial process is broad, unlike that in Araripesuchus, but similar in this regard to
Simosuchus (Buckley et al. 2000). It extends anteriorly at approximately 30° above
the horizontal, and tapers to a point, where it joins at a sharp angle the nearly hori-
zontal internarial process of the nasal (Figs. 5, 6). The external nares, as a result, are
dorsoventrally compressed and appear as a narrow slit in lateral view. In dorsal view,
the external nares are elliptical, the floor of the narial passage broadly exposed to each
side of the tapering internarial process of the nasal. The floor of the narial passage,
which is formed by the premaxilla, is raised and slightly extended anterolaterally by a
short tongue-shaped flange (Figs. 5B, 6B, 7A). The anterior half of the external nares
projects beyond the first premaxillary tooth, a narial structure that projects anteriorly
more prominently than in any other crocodyliform.

The narial fossa is clearly demarcated as a smooth subtriangular surface located
lateral to the external nares and restricted to the premaxilla. In glancing light, a subtle
division of the surface is visible. A teardrop-shaped fossa within the narial fossa is the
largest surface, its tip emerging from under the lip of the rim of the external naris. In
ventral view, the anterior projection is smooth and incorporates into the narial fossa
the alveolar margin dorsal to premaxillary teeth 1-3. The lateral margin of the narial
fossa is delimited by a shallow trough from the smooth, highly vascularized, verti-
cal alveolar margin, which extends laterally toward the premaxilla-maxilla suture. No

Table 2. Dimensions (mm) of the holotype skull of Anatosuchus minor (MNN GADG603).

Measurement Length
Cranium, preserved length 97.0
Snout, maximum transverse width 50.3
Snout, minimum transverse width 45.0
Cranium, width across quadrate condyles 44.4
Pterygoid mandibular processes, maximum transverse width 38.6
Choana, maximum anteroposterior length 17.0
Foramen magnum, maximum transverse width 9.6
Foramen magnum, maximum dorsoventral depth 6.0
Lower jaw, maximum length (anterior tip to end of retroarticular process) 97.0
Dentary ramus, maximum anteroposterior width at symphysis 10.6




Cretaceous Crocodyliforms from the Sahara 11

other crocodyliform known thus far closely approaches the form and orientation of the
external nares in A. minor.

The remainder of the external surface of the premaxilla can be divided into the
alveolar margin and the ramus that tapers between the nasal and maxilla. The alveolar

Table 3. Dimensions (mm) of the referred skull of Anatosuchus minor IMNN GAD17). Paired structures

are measured on left side except as indicated.

Structure Measurement Length
Cranium, maximum length 142.4
Cranium, width across posterior tip of squamosals 48.6
Cranium, width across quadrate condyles 57.1
Snout, maximum transverse width 94.2
Snout, minimum transverse width 75.4
External naris, anteroposterior length 15.1
External naris, maximum transverse width 6.7
Narial fossa, maximum transverse width 37.0
Antorbital fossa length 23.6
Antorbital fenestra length 12.4
Dorsal skull roof | Antorbital fenestra, maximum height 6.5
Interorbital skull roof, minimum width 15.3
Orbital anteroposterior diameter 36.6
Orbital dorsoventral diameter 30.1
Jugal orbital ramus, depth at mid-length 7.2
Jugal lower temporal bar, minimum depth 3.6
Postorbital bar, minimum anteroposterior diameter 3.2
Laterotemporal fenestra length 12.8
Laterotemporal fenestra depth 7.3
Supratemporal fossa, anteroposterior length 18.7
Supratemporal fossa, transverse width 14.7
Quadrate shaft length 13.4
Quadrate condyles, transverse width 14.5!
Palate . . . .
Pterygoid mandibular processes, maximum transverse width 53.6
Choana, maximum anteroposterior length 13.5
Lower jaw, maximum length (to end of retroarticular process) 136.3
Lower jaw, anterior end, transverse width 82.6
Lower jaw, mid-section end, transverse width 81.4
Lower jaw, retroarticular processes, transverse width 57.7
Lower jaw Sympbhysis (dentary and splenial) 16.9
External mandibular fenestra, length 15.3!
External mandibular fenestra, depth 7.8!
Retroarticular process, length 15.3
Retroarticular process, transverse width at mid-length 7.4

"Measurement from right side.
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Figure 5. Skull of the crocodyliform Anatosuchus minor. Partial skull in articulation with the atlas and
the anterior portion of the axis (MNN GAD17). A Lateral view. B Dorsal view. € Ventral view. Pink tone

indicates restored snout margin. Scale bar equals 5 cm.

margin faces primarily anteriorly, has a vertical orientation, and is gently transversely
convex (Fig. 7A, B). As in Araripesuchus wegeneri, two large neurovascular foramina
are situated between the narial fossa and the premaxilla-maxilla foramen. The ventral
margin is scalloped to match the position of the lateral three premaxillary teeth (Fig.
7B) as occurs in Simosuchus, but unlike the straight margin in Araripesuchus. The dorsal
margin meets the dorsal surface of the snout at nearly a right angle along a rugose edge.
Small foramina and grooves for impressed vessels are visible on the dorsal surface of the
snout near the narial fossa and alveolar margin. That texture becomes deeply pitted as
the premaxilla tapers to a point on the lateral aspect of the nasal bridge.
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Figure 6. Skull of the crocodyliform Anatosuchus minor. Drawings matching the skull (MNN
GAD17) in Fig. 5. A Lateral view. B Dorsal view. € Ventral view. Pink tone indicates restored snout
margin; parallel lines indicate broken bone surface; dashed line indicates missing bone; grey tone
indicates matrix. Scale bar equals 5 cm. Abbreviations: , angular; antfe, antorbital fenestra; antfo, an-
torbital fossa; apap, articular surface for palpebral; a7, articular; bo, basioccipital; &s, basisphenoid; C2,
cervical vertebra 2 (axis); ch, choana; cgp, cranioquadrate passage; 4, dentary; d1, dentary tooth 1; ec,
ectopterygoid; £f, Eustachian foramen; emf, external mandibular fenestra; en, external naris; £, frontal;
/1, flange; fo, foramen; gef, groove for ear flap; j, jugal; jfo, jugal fossa; /, lacrimal; 72, maxilla; m1, 2,
4, 17, maxillary tooth 1, 2, 4, 17; n, nasal; nfo, narial fossa; oc, occipital condyle; oz, otoccipital; p,
parietal; pap, palpebral; par, proatlas; pf; prefrontal; p/, palatine; pm, premaxilla; pmI, 6, premaxillary
tooth 1, 6; pmmf, premaxilla-maxilla foramen; po, postorbital; popr, paroccipital process; pos, preotic
siphonium; pra, prearticular; pz, pterygoid; ¢, quadrate; gj, quadratojugal; sa, surangular; sp, splenial;
sq, squamosal; so, supraoccipital.
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Figure 7. Skull of the crocodyliform Anatosuchus minor. Detailed views of the skull (MNN GAD17).
A Left snout margin in anterolateral view. B Left maxillary teeth in anterolateroventral view. C left an-
torbital region in lateral view. D Posterior portion of the skull in left lateral view. Scale bar for A, C and
D equals 2 cm; scale bar for B equals 1 cm. Abbreviations: @, angular; antfe, antorbital fenestra; antfo,
antorbital fossa; apap, articular surface for a palpebral; &, dentary; emf, external mandibular fenestra; ez,
external naris; f1, flange; fo, foramen; fov, fenestra ovalis; gef, groove for the ear flap; j, jugal; jfo, jugal
fossa; /, lacrimal; 7, maxilla; m1, 4, maxillary tooth 1, 4; 7, nasal; nf; narial fossa; om, orbital margin;
pm, premaxilla; pm1, 3, 4, 5, 6, premaxillary tooth 1, 3, 4, 5, 6; pmmf, premaxilla-maxilla foramen; po,
postorbital; ppr, posterior process; psi, preotic siphonium; ¢, quadrate; gj, quadratojugal; 7p, retroarticular

process; sa, surangular; sg, squamosal.

In ventral view, the premaxilla is divided between the transversely convex surface of
the internarial bar, the raised edges of the alveoli that scallop the alveolar margin, and
the flat palatal surface, which is only partially exposed (Figs. 5C, 6C).

The maxilla is the most expansive bone in the skull and forms most of the snout.
Its external surface is composed of a narrow alveolar margin and broader posterodorsal
and posteroventral rami that extend above and below the antorbital opening, respec-
tively. Like the premaxilla, the alveolar surface is vertical (Fig. 7B). It faces anterolater-
ally, borders the premaxilla-maxilla foramen, and gives passage to one additional large
neurovascular foramen. The dorsal edge protrudes over this foramen before curving
posteroventrally to join the scalloped ventral margin near the overhanging corner of
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the snout adjacent to the fourth maxillary tooth. Several large foramina are present just
above this edge on the corner of the snout (Fig. 7B).

The dorsal surface of the maxilla remains lightly textured along a band near the
sharp anterior margin of the snout from the narial fossa to the anterolateral corner.
This same low texture is present across the posteroventral ramus lateral to the antorbital
depression, a muted textural pattern that resembles that seen in Simosuchus. In both
taxa most of the maxilla below the antorbital opening is only lightly textured. In Arar-
ipesuchus, by contrast, the comparable region of the maxilla above m3 and m4 is more
deeply sculpted with pits (Figs. 14A, 15A). As in most crocodyliforms, in A. minor a row
of neurovascular foramina runs above the alveolar margin along the posteroventral ra-
mus, although these are smaller than those at the anterior end of the snout. The maxilla
forms the smooth and elongate anterior wall of the antorbital fossa, which is pierced by
a foramen (Fig. 7C). The posterodorsal ramus of the maxilla is deeply pitted and slightly
elevated as it passes over the antorbital depression to join the lacrimal and prefrontal.

The nasal extends from the tip of the internarial bar anteriorly to a subquadrate
process posteriorly. The texture is reduced on the nasals immediately posterior to the
external nares. Nonetheless, shallow sculpting is present, and the nasals do not contrib-
ute to the smooth narial fossa, which is isolated on the premaxilla as in Araripesuchus
(Fig. 16A), Simosuchus (Buckley et al. 2000) and other crocodyliforms. The elevated
nasal bridge is narrowest in width at mid-length along the snout, after which it broad-
ens slightly to equal interorbital width (Figs. 5B, 6B). A narrow median trough is
present from mid-snout to the subrectangular interdigitating ends of the nasals.

The L-shaped /lacrimal has anterior and ventral rami, which join near a laterally
prominent process for articulation with a missing anterior palpebral (Fig. 7C). The
lacrimal foramen is tucked under this process within the orbit. The anterior ramus is
deeply pitted and joins the maxilla along a subrectangular suture. The ventral ramus is
smooth and divided into an orbital margin and medially inset posterior margin of the
antorbital fossa.

The palpebrals are disarticulated in both known skulls. In the adult skull, however,
they have fallen into orbital and temporal spaces, where they are partially exposed. A
pair of articular fossae, the anterior on the lacrimal and prefrontal and the posterior on
the postorbital, supported anterior and posterior palpebrals, respectively, as in many
crocodyliforms (Fig. 7C, D). The prefrontal-frontal suture courses anteriorly, extend-
ing parallel to the inset of the fossa for the anterior palpebral. The prefrontal narrows in
mid-section, where it contacts the lacrimal, and then extends anteriorly to contact the
maxilla, effectively separating the nasal and lacrimal. The prefrontal pillar angles ven-
tromedially and slightly posteriorly, tapering strongly from the skull roof to the palate.

The frontal and parietal are fused to their opposites and joined to each other by an
interdigitating frontoparietal suture in both the adult and subadult skulls. The deeply
pitted frontals have a median crest. The flat skull table formed by the parietals is also
deeply pitted and separates the supratemporal fossae to a greater degree than in Simo-
suchus (Buckley et al. 2000). During growth in A. minor, interorbital width expands
relative to the width of the skull table, such that the two measurements are subequal
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in a subadult (Sereno et al. 2003) whereas the former is nearly twice the latter in an
adult (Figs. 5B, 6B).

In the adult skull the frontal forms the anteromedial rim and distinctive corner of
the supratemporal fossa, which is not the case in the subadult skull. That corner, in
addition, is invaded by diverticulae from the supratemporal fossa. Although there is a
similar corner in the rim of the fossa in Araripesuchus wegeneri, the rim is not undercut
by pneumatic invagination. Simosuchus, on the other hand, has diverticulae resembling
the condition in A. minor that undercut the anterior rim of the supratemporal fossa, a
condition that has arisen a few times among crocodyliforms.

The frontal contributes to the rim of the supratemporal fossa and reaches the fossa
in dorsal view. Frontal participation in these supratemporal structures seems to oc-
cur with maturity, given the exclusion of the frontal in a subadult skull (Sereno et
al. 2003). The posterior margin of the skull table is scalloped to each side of a short
posteromedian projection formed by the supraoccipital, which joins the parietals along
a shallow V-shaped suture. Simosuchus, in contrast, is shown with a nearly straight pos-
teromedian margin. In this case, notching of the posterior margin of the parietals by
the supraoccipital may have been obliterated by coossification.

The right side of the skull has rotated slightly posterolaterally, an asymmetry best
seen in dorsal view (Figs. 5B, 6B). Because there is no pattern of postmortem distortion
of the skull, this asymmetry appears to be pathological rather than preservational in ori-
gin. The articular notch for the posterior palpebral on the right side is shifted posterola-
terally, altering the shape of the supratemporal fossa. The right fossa has a convex lateral
margin and its maximum parasagittal length is about 10% longer than the left side.

The postorbiral is notched by an articular facet for a small posterior palpebral.
The surface of the postorbital between the facet and the supratemporal fossa varies,
remaining textured with pits in some species, such as A. gomesii (Price 1959) and A.
tsangatsangana (Turner 2006), and smooth in others such as A. patagonicus (Ortega et
al. 2000). In A. wegeneri that surface between the palpebral facet and supratemporal
fossa is smooth and convex (Figs. 14B, 15B).

The squamosal is distinctly triradiate in dorsal view, the anterior process that con-
tacts the postorbital the most slender. The dorsal surface of the anterior process is
deeply pitted and depressed to form a shallow arcuate fossa (Figs. 5B, 6B). The poste-
rior process is offset below the skull table and has a more subdued texture.

The jugal approaches, but does not contact, the posteroventral corner of the antor-
bital fossa (Fig. 7C). The anterior ramus is moderately expanded dorsoventrally toward its
anterior end and is deeply pitted, with an oval fossa located beneath the orbit (Fig. 7D).
The relatively slender postorbital process is inset at its base, the location for a very small
siphonal opening. The posterior ramus is also relatively slender under the laterotemporal
fenestra, where it terminates in a shallow inset articulation on the quadratojugal.

The L-shaped quadratojugal is partially fused to the quadrate near the quadrate
condyle, where it approaches, but does not contribute to, the jaw articulation. The su-
ture with the quadrate shaft is relatively straight, and surface texture is low and limited
to the anterior portion of the bone.
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Palate. The configuration of palatal sutures, shape and position of the suborbital fe-
nestra, form of the mandibular rami of the pterygoid and ectopterygoid, position of
the choanae, and form of the choanal septum (Figs. 5C, 6C) correspond well with
those of Araripesuchus (Price 1959) (Figs. 14C, 15C) and differ markedly from the
palatal configuration described in Simosuchus (Buckley et al. 2000). In these regards,
A. minor is less derived than Simosuchus.

The premaxillary portion of the palate is restricted to a broad-based triangle near
the anterior margin. The premaxilla-maxilla suture, however, is exposed only near the
alveolar margin. The premaxilla-maxilla foramen may communicate with the palate as
in A. wegeneri; a foramen is present at the anterior margin of the maxilla just posterior
to the premaxilla-maxilla suture, as is the case on one side of a cranium of A. wegeneri
(Figs. 14C, 15C). Furthermore, as in another skull of that species (Fig. 20B), this pala-
tal foramen appears to be associated with the tip of the fourth dentary crown (MNN
GAD17, GADG603)

The maxilla and palatine form the majority of the palate in A. minor (Figs. 5C,
6C). The median one-third appears to preserve its natural arching toward the midline,
whereas the lateral one-third on each side lies closer to the horizontal. Neither the
vomer nor pterygoid are exposed in the midline as in Simosuchus (Buckley et al. 2000).
A slit-shaped foramen opens on the maxilla. Canted along an anterolateral-posterome-
dial axis, opening anterolaterally, and associated with a small palatal fossa, the foramen
is far from the alveolar margin and may not correspond to maxillary foramina associ-
ated with the alveolar margin in other notosuchians.

The pterygoid and ectopterygoid form the posterior portion of the palate, includ-
ing the posteroventrally projecting mandibular rami. The distal end of this process is
modestly expanded as in Araripesuchus and lies in its natural position adjacent to the
adductor fossa of the lower jaw. The ectopterygoid overlaps the ventral aspect of the
pterygoid on the lateral edge of the palate.

The suborbital fenestra, which is best exposed in the subadult skull (Sereno et al.
2003), is subequal in size to the paired choanae and located farther anteriorly. The pal-
atine-pterygoid suture, preserved on the right side, courses across a broad palatal border
lateral to the choanae. In the midline of the adult skull, the posterior one-half of the very
thin choanal septum is exposed, the remainder covered from view by extraneous bone
pieces. The choanae are located as far posterior on the pterygoids as possible, butting
against a posterior palatal ridge formed by the pterygoids. During growth the sigmoid
curve of the posterior palatal ridge in the subadult becomes a broad arch in the adult (Figs.
5C, 6C). Unlike in some other species of Araripesuchus (A. gomesii, A. wegeneri), there is
no development of a pair of parasagittal flanges extending from the posterior palatal ridge.

The quadrate angles posteroventrally from the recessed otic region toward the
quadrate condyles. In the otic region, a large opening constitutes the fenestra ovalis
and confluent cranioquadrate passage. Anterior to this opening is the preotic sipho-
nium, ventral to which is a circular fossa (Fig. 7D) as in Araripesuchus wegeneri.

A sharp vertical crest on the quadrate contributes to the posterior skull margin,
joining the paroccipital process with the rim of the medial condyle. In posterior view,
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a foramen aérum opens on the posterior aspect of the quadrate shaft just above the
medial condyle (Fig. 8). In lateral view, the posterior margin of the quadrate angles
anteroventrally as in Simosuchus (Buckley et al. 2000) rather than posteroventrally as in
nearly all other crocodyliforms. The quadrate condyles are relatively flat and separated

by a marked V-shaped cleft (Fig. 7D).

Braincase. The braincase is well preserved and exposed in the holotype and referred
skulls (Figs. 5C, 6C). The supraoccipital forms a small median pitted triangle on the
dorsal skull roof. On the occiput, the supraoccipital forms a short vertical nuchal keel
with broad flanges extending to either side, more closely resembling that in Simosuchus
than in Araripesuchus. The proatlantal elements are fused together forming an inverted
chevron that is preserved in articulation with the protruding dorsal rim of the foramen
magnum (Figs. 5B, 6B). The paroccipital processes project to each side, arching ven-
trolaterally to a sharp edge that connects the squamosal above and quadrate condyles
below (Fig. 8). The ends of the paroccipital processes are marked by a series of stria-
tions or ridges as in Araripesuchus and extant crocodylians.

The ventrally deflected occipital condyle is formed almost exclusively by the basi-
occipital. The remainder of the bone angles anteroventrally at approximately 45° and
forms most of the braincase floor posterior to the palate. A small posterior Eustachian
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Figure 8. Skull of the crocodyliform Anatosuchus minor. Detailed view of the jaw articulation and
retroarticular process in posteromedial view (MNN GAD17). Scale bar equals 1 cm. Abbreviations: ar,
articular; fz, foramen aéreum; /o, lateral condyle; mco, medial condyle; popr, paroccipital process; pz,

pterygoid; ¢, quadrate; 74, ridge; 7p, retroarticular process; sq, squamosal.
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foramen is located in the midline just anterior to the occipital condyle. Farther ante-
riorly, a median crest rises (larger in the subadult skull), followed by a large anterior
Eustachian foramen. This circular foramen opens posterodorsally between the basioc-
cipital and basisphenoid. The lateral edges of the basioccipital curl against the medial
edge of low basal tubera formed by the anterior extremity of the exoccipital.

A large lateral Eustachian foramen opens posterodorsally on the anterior side of
each basal tuber between the oroccipiral (exoccipital + opisthotic) and basisphenoid. As
in Araripesuchus, four foramina are present adjacent to the occipital condyle, the largest
an anteroventrally opening foramen for the internal carotid. Along the lateral edge of
the braincase, a pair of low crests is present running anteromedially from the quadrate
to the pterygoid. In lateral view, the otoccipital extends from the very large cranio-
quadrate passage anteriorly to the paroccipital process posteriorly, just separating the
squamosal and quadrate (Figs. 5A, 6A). The basisphenoid has only a narrow, V-shaped
ventral exposure. It floors a narrow depression between the pair of lateral crests and a
small median patch between the basioccipital and the posterior margin of the palate.

Endocast. An endocast, generated from the computed-tomographic scan of cranium

MNN GAD17 (Fig. 10), closely resembles that for Araripesuchus (Fig. 22). In both
the cerebral hemispheres are spade-shaped as seen in dorsal view and measure ap-
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Figure 9. Dentary of the crocodyliform Anatosuchus minor. Pencil drawing of mid-section of the left
dentary including alveoli 7-14 (MNN GAD18). A Dorsal view. B Ventral view (reversed). Parallel lines
indicate broken bone; double-dash pattern indicates matrix. Scale bar equals 1 cm. Abbreviations: ad/,
12, alveolus of dentary tooth 7, 12; asp, articular surface for splenial; 414, dentary tooth 14; fo, foramen;
Me, Meckel’s canal; sh, shelf.
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Figure 10. Endocast of the crocodyliform Anatosuchus minor. Endocast (UCRC PVC2) prototyped
from a computed-tomography scan of skull MNN GAD18. The endocast lacks a portion of the pituitary
fossa and right and left labyrinths. A Lateral view. B Dorsal view. € Ventral view. Scale bar equals 2 cm.
Abbreviations: cer, cerebrum; sin, longitudinal sinus; opt, optic lobe.

proximately one-half of total endocast length. In general the forebrain in the endocast
compares more closely with that reported for Sebecus (Hopson 1979) than the more
rounded, symmetrical cerebral hemispheres in Alligator (Fig. 11) or Caiman (Hopson
1979). A sagittal venous sinus flanked by shallow longitudinal depressions outlines
the medial aspect of each hemisphere. In lateral view, the cerebral hemispheres are
compressed dorsoventrally. In A. minor the posterior portion of the hemisphere is a
litcle deeper than in Araripesuchus wegeneri. In ventral view, the absence in A. minor of
the ventromedian fossa between the hemispheres observed in A. wegeneri may be an
artifact of the quality of the scan. Swellings for optic lobes are visible posterior to the
cerebral hemispheres. Although not well preserved in A. minor, the dorsal surface of the
cerebellar region is near the height of the cerebral hemispheres.

Dentition. There are 6 premaxillary teeth, 19 maxillary teeth, and 21 dentary teeth, as
established on the basis of the exposed teeth and a computed-tomographic scan of skull
MNN GAD17. In a subadult skull (MNN GADG03), there are 6 premaxillary teeth,
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Figure 1 1. Endocast of Alligator mississippiensis. Endocast (UCRC PVC6) prototyped from a com-
puted-tomography scan of a recent skull (TMM M-983). A Lateral view. B Dorsal view. C Ventral view.
Scale bar equals 1 cm. Abbreviations: asc, anterior semicircular canal; cer, cerebrums; /sc, lateral semicircular

canal; /sin, longitudinal sinus; op, optic lobe; piz, pituitary fossa; psc, posterior semicircular canal.

15 maxillary teeth, and an unknown number of dentary teeth. Sereno et al. (2003) orig-
inally reported 5 premaxillary teeth in the subadult skull, although it is now clear that
the first premaxillary tooth was broken away on both sides based on comparison with
the adult skull. Premaxillary tooth number thus appears to be stable in the final 30%
of growth in the skull, while maxillary and probably dentary tooth counts increase by a
comparable percentage. The lower jaws and tooth rows become much more U-shaped
during maturation. The diagnostic breadth of the snout and transverse orientation of
the anterior ends of each dentary emerge late in post-hatching growth. On the other
hand, the characteristic inclination of the anterior dentition from the midline to the
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Table 4. Length (mm) of crowns in the right upper jaw of Anatosuchus minor (MNN GADG03). Paren-
theses indicate estimated measurement. Abbreviations: 72, maxillary; pm, premaxillary.

Tooth Length
pml 2.3
pm2 2.7
pm5 3.7
pmo6 3.8
m1l 3.8
m2 5.5
m3 7.3
m4 (8.6)
m5 5.5
ml2 (3.8)
ml7 3.6

corner of the snout changes very little; the tooth row in anterior view of both subadult
and adult skulls is angled at approximately 25° from the horizontal.

Upper and lower crowns are subconical with the base of the crown very slightly ex-
panded from the root. The crowns curve lingually. There is no distinct neck or marked
constriction between root and crown. All but the first premaxillary crown have unorna-
mented mesial and distal carinae and very fine interweaving striae, which can be seen
under strong magnification on the labial side of premaxillary and maxillary crowns.
Tooth wear is not nearly as pronounced as in Araripesuchus. There are no wear facets and
only a few crown tips with thinned enamel or exposed dentine from apical abrasion.

Six premaxillary teeth are one or two more than common among crocodyliforms.
Pm1-3 project ventrally unopposed by dentary teeth, the first of which projects be-
tween pm3 and pm4. The tip of d4 projects dorsally into a fossa between pm6 and m1
(MNN GAD17, GADG603), a typical dental configuration among crocodyliforms. If
the teeth at the junction of premaxilla, maxilla and dentary teeth are regarded as ho-
mologous with those in other crocodyliforms, additional premaxillary teeth must have
been added to the original plesiomorphic tooth count of four or five teeth, beginning
at the medial end of the tooth row.

The crown of pm1 is approximately 20% smaller than the crowns of pm2-6, lacks
carinae, and is positioned lateral to the midline. The alveolar margins of opposing
premaxillae are separated in the midline by a subtriangular gap, such that the opposing
first premaxillary crowns are separated by a median diastema approximately twice that
between ipsilateral premaxillary crowns.

Premaxillary teeth 2—6 are very similar in size and crown detail. The alveoli of all
premaxillary teeth are raised as rugose cylinders. The inner set of alveoli (pm1-3) are
separated by concave intercrown festoons, whereas the raised rim of the alveolus in the
outer set (pm4-0) are linked together by a rugose alveolar ridge. The festooning of the
inner set, thus, is the result of the concave margin between alveoli; festooning in the
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outer set and in the maxillary series, by contrast, is the result of the dorsally concave
labial rim of the alveoli (Fig. 7B).

The mesial premaxillary crowns (pm1-3) are functionally distinctive. They oppose
a prominent edentulous edge of the dentary, which is 9 mm in transverse width in the
adult skull. As confirmed by computed tomography, the first dentary tooth is posi-
tioned 11 mm from the dentary symphysis. That tooth (d1) projects toward the base of
the fourth premaxillary alveolus. Successive dentary crowns (d2—4) project toward small
circular fossae between pm5 and pm6 and into a large palatal opening, respectively.
The palatal opening is visible on both available skulls and possibly connected with the
nearby premaxilla-maxilla foramen. Given that a similarly positioned fossa in Araripesu-
chus receives the tip of the caniniform fourth dentary tooth, the dental and palatal rela-
tionships in A. minor appear to be modified from that observed in other notosuchians.

The maxillary teeth have crowns that are more closely spaced than the premaxil-
lary teeth with alveoli that begin to coalesce toward the distal end of the tooth row.
The first maxillary crown is approximately 20% larger than the sixth premaxillary
crown. Crown size reaches its maximum in m4 at the depressed corner of the snout,
distal to which it gradually decreases (m5-20). A caniniform crown is not differenti-
ated. All maxillary crowns curve lingually with carinae that are shifted lingually. Were
the crown to be split by a plane through the carinae, the labial portion would com-
prise most of crown volume.

The dentary teeth are more poorly exposed. Crown shape seems similar to that in
the maxilla and they equal opposing maxillary crowns in size. Crown size reaches its
maximum in d11-13 at the depressed corner of the snout (Fig. 8A), distal to which it
gradually decreases (d14-21). A caniniform crown is not differentiated, and the den-
tary series ends mesial to the maxillary series; tooth d21 opposes m14 or m15, leaving
at least m16-20 free of opposing dentary crowns. The differential between upper and
lower tooth rows in A. minor is greater than that in Araripesuchus.

Lower jaw. The lower jaw broadens significantly during growth, gaining its distinc-
tive U-shape with maturity. This shape is similar to that in the lower jaws of mature
individuals of Simosuchus as seen in dorsal view (Buckley et al. 2000). The lower jaw
in A. minor, however, is anteroposteriorly nearly twice as long as its maximum width;
in Simosuchus jaw length and width are subequal. The profile of the lower jaw differs
from that in either Simosuchus or Araripesuchus. With jaws abducted, the anterior por-
tion of the lower jaws fits within the snout and is obscured in lateral view (Figs. 5A,
6A). The lateral ramus of the dentary gradually increases in depth to a point ventral to
the postorbital bar and dorsal to the external mandibular fenestra, after which it tapers
rapidly to an elongate, narrow retroarticular process.

The dentary has an immobile interdigitating symphysis with its opposite in the
midline. The medial 9 mm of the dentary projects anterodorsally at about 45° with
an articular edge for the premaxillary palate that protrudes to the height of adjacent
dentary crowns. In ventral view, the process has a gently convex articular edge in con-
tact with the premaxillary palate. In cross-sectional views derived from the computed-
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tomographic scan, the edentulous margin appears to narrow to a sharp cutting edge.
This masticatory structure has no parallel among other crocodyliforms (Figs. 5C, 6C).

Lateral to the median process, the dentary decreases in width and twists into a
subhorizontal plane as it approaches the corner of the snout. As it turns the corner, it
becomes broader transversely than deep, a very unusual proportion and quite differ-
ent from Simosuchus (Buckley et al. 2000). Much of the additional width is due to the
highly vascularized dentary shelf, which extends lateral to the scalloped alveolar margin
(Fig. 9). In ventral view, Meckel’s canal lies in a groove along the medial edge, lateral
to which is a broad articular surface for the splenial (Fig. 9B).

The dentary extends posteriotly, its deep posterodorsal ramus forming the anterior por-
tion of the coronoid process and anterodorsal margin of the external mandibular fenestra.
There is a small triangular posteroventral ramus that terminates on the angular ventral to
the external mandibular ramus, as evident in several species of Araripesuchus (Price 1959).

The splenial contributes to the median symphysis anteriorly (Figs. 5A, 6A). Its
posterior margin at the symphysis is damaged in the adult skull. In the subadult skull
there is some development of a posteromedian thickening; it seems likely there was a
posteromedian splenial “peg” in the adult as in many other notosuchians. In Simosu-
chus the posteromedian eminence is formed by the dentary, as the splenial approaches
but fails to reach the symphysis. The splenial extends laterally from the symphysis as
a thin sheet of bone with a near horizontal orientation, similar to that of the dentary.
That orientation is maintained around the corner of the lower jaw, after which a verti-
cal ramus expands across the medial side of the dentary. A large oval foramen opens
on the transverse ramus of the splenial and continues as a groove medially toward the
posterior margin of the symphysis.

The surangular extends from the jaw articulation anterodorsally along the top of
the coronoid process, a ramus that is swollen laterally with pitted ornamentation ex-
cept where it bounds the external mandibular fenestra (Fig. 7D). It appears to form
the lateralmost portion of the jaw articulation, after which it continues as a slender
unornamented process between the articular and angular to the tip of the long retroar-
ticular process (Fig. 7D). The angular also has raised pitted ornamentation except for
the portion contributing to the margin of the external mandibular fenestra (Fig. 7D).
It extends as a slender unornamented process to the tip of the retroarticular process.

The articular forms the saddle-shaped glenoid for the quadrate condyles (Fig. 8).
The surface is transversely convex to accommodate the cleft between the condyles and
gently concave anteroposteriorly, the medial socket situated farther ventrally than the
lateral socket. There is no anterior or posterior lip to the glenoid. The shape of the
quadrate condyles and accommodating surface on the articular is similar to that in
Araripesuchus. In posterior view, there is a prominent attachment crest ventral to the
jaw joint. The articular extends to the tip of the slender, dorsoventrally flattened retro-
articular process, which is twisted to face dorsomedially.

Acxial skeleton. The axial skeleton is preserved in articulation from the proatlas to the
fifteenth dorsal vertebra. This is one of the most complete presacral series available for any
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notosuchian. The axial column is well exposed immediately posterior to the skull and par-
tially exposed, mainly in right lateral view, more posteriorly. Because this is one of the rare
specimens that also shows the relationship between the osteoderms and vertebrae, we left
all bones in place during preparation and obtained a computed-tomographic scan to ob-
serve details hidden from view. A subadult specimen of Araripesuchus gomesii is the other
notable basal metasuchian preserving a complete cervicodorsal column (Hecht 1991).

Extant crocodylians have a proatlas, 8 cervical vertebrae and 16 dorsal vertebrae
(Mook 1921). The ribs for C3-7 are short, overlapping, and parallel the vertebral
column. The rib for C8 angles posteroventrally and is transitional to longer, broad-
er-shafted dorsal ribs. There are typically 16 dorsal vertebrae in extant crocodylians
(Chiasson 1962). Hecht (1991: 346) suggested there were “about seven cervicals” and
17 dorsal vertebrae (thoracic and lumbar) in the subadult specimen of Araripesuchus
gomesii. The vertebra that would be the eighth cervical, however, is partially covered
by the scapula. Its rib is transitional in form between the short cervical and long dorsal
rib, which is typical of the eighth cervical rib in extant crocodylians (Mook 1921). A
similar vertebral formula and transitional rib has recently been reported in Araripesu-
chus tsangatsangana (Turner 2006). The axial column in A. minor also appears to have
8 cervical vertebrae and probably 16 dorsal vertebrae. Only 15 dorsal vertebrae are
preserved, but a sixteenth may be inferred from the position of the sacral vertebrae,
which is based on the position of the associated hind limb (Fig. 4). Cervical centra are
amphiplaytan and lack hypapophyses. Dorsal centra become amphicoelous.

This vertebral formula differs from that described recently in the notosuchian Nozo-
suchus. This genus may posses as many as 10 cervical vertebrae, 19 dorsal vertebrae, and
3 sacral vertebrae (Pol 2005; Fiorelli and Calvo 2008). The cervicodorsal column, thus,
has 29 rather than 24 vertebrae and the sacrum 3 rather than 2 vertebrae.

A proatlas is preserved in articulation with the occiput in A. minor. It is an inverted
V-shaped median element with a dorsal keel similar to that in extant crocodylians
(Mook 1921). The proatlas in A. minor appears to be somewhat larger relative to the
atlas, which is composed of separate, paired neural arches and an intercentrum. The
transverse width of the proatlas is greater than that of the atlantal neural arches.

The axis has a low subrectangular neural spine that projects only slightly posterior to
the centrum as in extant crocodylians (Mook 1921; Chiasson 1962). Cervical vertebrae
three through eight have tall anteriorly tilted neural arches and vertical neural spines as
described in the Nozosuchus (Pol 2005). The neural spine in C3 is subrectangular, about
twice as tall as long. The neural spine in C7 is considerably taller and narrower, about
five times as tall as long. Tall neural arches may characterize notosuchians (Pol 2005).

The dorsal vertebrae are somewhat longer relative to their width in A. minor than
in Araripesuchus gomesii (AMNH 24450; Hecht 1991). The broadest width in both
taxa occurs in the posterior dorsal vertebrae, which have long transverse processes (Fig.
4). In A. minor maximum width across the transverse processes is approximately twice
centrum length, whereas in A. gomesii maximum width is about three times centrum
length. In both genera, the parapophysis migrates out onto the transverse process ante-
rior to the diapophysis (D9-11), eventually coalescing to form a single rib articulation
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(D12), as in extant crocodylians. Similar elevation and fusion of the parapophysis does
not appear to occur in Notosuchus (Pol 2005; Fiorelli and Calvo 2008).

The straight 7ibs of the atlas and axis are preserved on the left side (Fig. 12). The
shorter triradiate ribs of C3-8 are preserved on the right side in articulation with each
other. After they clear the paravertebral shield, the shafts of the anterior dorsal ribs
bend ventrally and expand slightly to form a flange along their anterior margin as in
A. gomesii (Hecht 1991) and A. #sangatsangana (Turner 2006). In the posterior dorsal
ribs, the capitulum and tuberculum lie in the same plane and eventually coalesce into a
single head. Gastralia are preserved ventrally between the girdles (Fig. 4). There do not
appear to be any ventral osteoderms in A. minor.

Parasagittal rows of osteoderms are preserved above the cervicodorsal column, with
each pair joining its opposite in the midline along an interdigitating suture (Fig. 12;
Table 5). Articulation between successive rows of osteoderms is limited to overlap by
the posterior edge of a given osteoderm with the anterior edge of the successive ipsilat-
eral osteoderm. As in Araripesuchus (Hecht 1991; Turner 2006), there is no develop-
ment of anteromedial processes as is common among basal crocodylomorphs, and the
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Figure 12.Pectoral girdle and forelimb of the crocodyliform Anatosuchus minor. Left pectoral girdle,
forelimb and anterior portion of the paravertebral shield (MNN GAD17) in dorsal view. Scale bar equals
S cm. Abbreviations: C2, axis; col, 3, 4, cervical osteoderm 1, 3, 4; dol, 5, dorsal osteoderm 1, 5; 4, hu-
merus; /, left; 7, right; 74, radius; 7C1, atlantal rib; 7C2, axial rib; sc, scapula; #/, ulna.
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overlap within each parasagittal column of osteoderms is a narrow smooth articulation
limited to the edges of the dorsal series.

No osteoderms are positioned over the proatlas, atlas or axis (Fig. 12). Four paired
cervical osteoderms are associated with C3-8 and 12 osteoderms are positioned over
D1-12. Osteoderms distal to the twelfth were weathered away. The first cervical osteo-
derm is the largest of the cervical series and articulates over the neural spines of C3-5.
It has a trapezoidal shape with a broader anterior end and a low keel that is most promi-

Table 5. Dimensions (mm) of the skeleton of Anatosuchus minor MNN GAD17). Measurements of indi-
vidual bones are from the left side, except for dorsal osteoderm 12 (preserved only on the right side). Paren-

theses indicate estimated measurement. Ungual length is measured along longest chord from base to tip.

Bone Measurement Length
Cervical vertebral series, length (75.0)
Dorsal vertebral series, length (268.0)
Cervical osteoderm 1, maximum length 16.0
€, 11.5
S 9.6
Ceq e 9.9
Dorsal osteoderm 1, maximum length 11.2
“ep e 12.6
. “e3,c 14.4
Axial skeleton “a g 15.3
U5« 16.6
6, 17.3
“e7, e 18.6
“eg, 18.9
“e9, e 18.3
““10,““ 19.2
11,4 18.2
“Ce12,4¢ 18.7
Maximum length 68.2
Scapula .. .
Neck, minimum dorsoventral height 15.2
Coracoid Distal width (23.0)
Humerus Maximum length 80.8
Minimum shaft diameter 7.5
Maximum length 69.3
Radius Maximum proximal width 13.6
Maximum distal width 13.4
Minimum shaft diameter 4.1
Maximum length 23.0
Radiale Maximum proximal width 13.8

Maximum distal width

10.8
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Bone Measurement Length
Metacarpal 1 length 13.0
Phalanx I-1 length 9.3
Phalanx I-3 (ungual) length 18.6
Phalanx II-1 length 11.1
Phalanx I1-2 length 8.0
Phalanx I1-3 (ungual) length 19.6
Phalanx ITI-1 length 10.0
Manus Phalanx ITI-2 length 6.9
Phalanx ITI-3 length 6.0
Phalanx I1I-4 (ungual) length 17.0
Phalanx IV-1 length 9.7
Phalanx IV-2 length 6.7
Phalanx IV-3 length 5.3
Phalanx IV-4 length 5.1
Phalanx IV-5 length 42
Phalanx IV-6 length 3.4
Phalanx I1-3 length 12.5
Phalanx I1I-2 length 11.8
Phalanx I1I-3 length 8.3
Pes Phalanx I1I-4 (ungual) length 8.0
Phalanx IV-2 length 10.2
Phalanx IV-3 length 6.9
Phalanx IV-4 length 5.4

nent on the posterior one-half of the osteoderm. As in the other cervical osteoderm
rows, there is some asymmetry in the paired plates. The keel in the first cervical osteo-
derm row is laterally displaced on the left but centered on the right side. The second cer-
vical osteoderm is smaller and articulates with the neural spine of C6. Its shape is similar
to the first cervical osteoderm, the keel now reduced to a swelling along the rounded
posterolateral corner on the left side or centered on the right side. The third cervical os-
teoderm is the smallest among all preserved and articulates with the neural spine of C7.
It is subtriangular on the left and subquadrate on the right and does not have a keel. The
fourth and final cervical osteoderm is slightly larger than the third cervical osteoderm
and has a shape reminiscent of many of the succeeding dorsal osteoderms. The later-
ally displaced keel is low and set back from the anterior margin of the plate. The lateral
corners of the plate are rounded, the anterolateral corner more so than the posterolateral
corner. There is no overlap between the last cervical and first dorsal osteoderm. The
cervical osteoderms would allow considerable lateral and dorsoventral flexibility of the
cervical series as may have been needed during foraging on land or subaquatic feeding.

The dorsal osteoderms have a one-to-one relationship with underlying dorsal ver-
tebrae as described in extant crocodylians (Ross and Mayer 1984) (Figs. 4, 12). Each
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dorsal osteoderm contacts the neural spine of its respective vertebrae, extends poste-
riorly across the interspinous gap, and rests on the anterior portion of the successive
neural spine. This is well exposed in the middle of the dorsal series, where the right
column of osteoderms is displaced ventrally against the transverse processes, exposing
the natural articulation between the neural spines and the left column of osteoderms.
The junction between the osteoderms appears to be positioned so as to coincide func-
tionally with the joints between the centra to enhance mobility of the trunk (Salisbury
et al. 2000).

The first dorsal osteoderm closely resembles the last cervical osteoderm but is
slightly larger and extends over the leading edge of the successive osteoderm. Each
dorsal osteoderm has a smooth beveled leading edge approximately 1.75 mm broad
for articulation with the next anterior osteoderm. The sculpted pitting is reduced in a
narrow parallel band of slightly greater width adjacent to the leading articular surface.
Dorsal osteoderms 2—12 are more flexed than more anterior osteoderms, the portion
of the plate lateral to the keel deflected ventrally. The keel remains parallel to the mid-
line across the series. Osteoderm length gradually increases until about the middle of
the series (Table 5). Osteoderm shape remains very similar throughout the series, the
rounding of the anterolateral corner somewhat less in posterior dorsal osteoderms.

Appendicular skeleton. The left pectoral girdle and forelimb and portions of the left
tibia, fibula and pedal phalanges are preserved in association with the adult skull (Figs.
3, 11; Table 5). The left scapula has broad proportions comparable to those in Arar-
ipesuchus gomesii (Hecht 1991). The blade does not appear to flare as strongly distally
as in A. zsangatsangana (Turner 2006). The distal end of the blade is tucked under the
edge of the anterior dorsal osteoderms as in extant crocodylians (Fig. 12). The elongate
coracoid is exposed distally near its contact with the interclavicle.

The humerus has a straight shaft and gracile proportions, with shaft diameter less
than 10% of its length (Turner 2006) (Table 5). The deltopectoral crest is directed
anteriorly, and the fossa for the olecranon process is well developed distally as in Arar-
ipesuchus (Hecht 1991; Turner 2006). The proximal end of the radius is strongly flared,
measuring more than twice mid-shaft diameter. Flaring of the proximal end of the
radius to this degree is also present in Araripesuchus (Fig. 25B) and Notosuchus (Pol
2005). The radius is shorter than the #/na, because the ulna extends along the lateral
side of the radiale. The ulna in A. minor is only partially exposed, its shaft noticeably
curved. The differential in length between the radius and ulna is about 10%, as pre-
served in articulation in Araripesuchus (Fig. 25B). The radiale is a very robust bone in
A. minor, its shaft just slightly less robust than the mid-shaft of the radius (Fig. 13A).
The broad lateral facet for the ulna on the proximal end confirms the offset in the joint
between the forearm bones (radius, ulna) and the proximal carpals (radiale, ulnare).
From the radiale, it is clear that this offset is also present in A. #sangatsangana (Turner
2006) and Notosuchus terrestris (Pol 2005). Very little of the ulnare is not exposed in A.
minor, but the bone would have been considerably smaller than the radiale. The offset
at the forelimb-carpus joint, the general robustness of the radiale, and the differential
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in robustness between the radiale and ulnare are primitive for Crocodylomorpha, given
their presence in Zerrestrisuchus (Crush 1984), Hesperoschus (Clark et al. 2000), Diboth-
rosuchus (Wu and Chaterjee 1993), Junggarsuchus (Clark et al. 2004), and Protosuchus
(Colbert and Mook 1951), although often muted in extant crocodylians (Mook 1921).

The manus is well preserved and exposed (Fig. 13A). As in A. wegeneri (Fig. 26A),
the metacarpals and phalanges have well developed distal condyles marked by dorsal
extensor pits. The manus is very large relative to the forearm. Digit three is approxi-
mately 80% the length of the radius, whereas in other terrestrial crocodylomorphs
that percentage is between 50 to 60% (Mook 1921; Colbert and Mook 1951; Crush
1984; Wu and Chaterjee 1993; Clark et al. 2000; Clark et al. 2004). Besides its
size, two other features of the manus are unusual. Digit IV has six phalanges, two
more than is usual among crocodylomorphs (Fig. 13B). Total length of the phalanges
of digit IV is approximately 80% the length of the phalanges of digit III, a typical
crocodylian proportion. Much of the length of the phalanges of digits I-1II is due to
elongate unguals. The phalanges of digit IV are longer than the nonungual phalanges
of digit III. The unguals of the inner digits are unusually long. The unguals have a
narrow attachment groove that extends toward from the base to the tip (Fig. 13B).
This groove converges with the dorsal margin of the ungual. The ventral margin is
arched proximally and straight distally toward the tip. These unusual features, which
are absent in the more typical manus in Araripesuchus wegeneri (Fig. 26A), are indica-
tive of specialized function.

I I unlll-4  phi-3

\Y ra rae ph IV-6 ph IV-1 ph 11I-1

Figure 13. Manus of the crocodyliform Anatosuchus minor. Left carpus and manus (MNN GAD17).
A Left carpus and manus in dorsal view. B Left manual digits III and IV in dorsomedial view. Scale bars
equal 2 cm. Abbreviations: /-/V, digits I-IV; ph, phalanx; 7z, radius; e, radiale; un, ungual.
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Araripesuchus Price, 1959

Referred species. A. gomesii (Price 1959), A. wegeneri (Buffetaut and Taquet 1979), A.
patagonicus (Ortega et al. 2000), A. buitreraensis (Pol and Apesteguia 2005), A. sangat-
sangana (Turner 2000).

Revised diagnosis. Small-bodied metasuchians with autapomorphies including
(1) trapezoidal snout cross-section just anterior to the orbit in which the lacrimal is
split between dorsal and lateral rami; (2) premaxilla external surface smooth with or-
namentation limited to the distal end of the ascending ramus; (3) presence of one or
two neurovascular foramina opening anterolaterally or anteroventrally just posterior
to the narial fossa; (4) premaxillary teeth 1-4 aligned in a straight row; (5) maxillary
postcaniniform alveolar margin dorsally arched; (6) smooth buccal emargination on
lateral maxillary and dentary alveolar margins adjacent to postcaniniform teeth; (7)
confluent alveoli for postcaniniform maxillary and mid- and posterior postcaniniform
dentary teeth; (8) medial alveolar wall absent along mid- and posterior postcaniniform
dentary teeth with root crypts enclosed medially by the splenial.

Discussion. The monophyly of the genus Araripesuchus has been controversial. Some
features that were initially thought to be diagnostic for the genus were discovered to have
broader distributions among notosuchians such as Uruguaysuchus. The generic assign-
ment of one species in particular, A. wegeneri, has been questioned (Ortega et al. 2000).
Comparison among species has been difficult due to incomplete specimens and descrip-
tions. The dentition, for example, is critical for evaluation of species and generic distinc-
tion, but the morphology of a relatively fresh (unworn) dentition is not available for most
species within Araripesuchus or immediate outgroups (e.g., Uruguaysuchus). Here we de-
scribe derived features that may unite some or all of the species in the genus Araripesuchus.

The geometric shape of the cross-section at the base of the snout (Ortega et al.
2000) involves a distinct flexure in the body of the lacrimal that gives the snout a trap-
ezoidal cross section just anterior to the orbit. The vertical portion of the lacrimal is
not broadly exposed in dorsal view of the skull (Figs. 14B, 15B). The lacrimal is gently
arched and broadly visible in dorsal view in most short-snouted notosuchians, such as
Mariliasuchus (Zaher et al. 2006), or long-snouted neosuchians, such as Hamadasuchus
(Larsson and Sues 2007). The lacrimal in Uberabasuchus (Carvalho et al. 2004) and
Stolokrosuchus (Larsson and Gado 2000) are closest in form to that in Araripesuchus.

Most of the premaxilla is smooth and lacks the rugose texture and small foramina
typical of other regions of the snout in the vast majority of crocodyliforms. Only the
tip of the ascending ramus is textured, as it curves onto the dorsal aspect of the snout
tapering between similarly textured surfaces of the nasal and maxilla (Fig. 16A). The
body of the premaxilla is also smooth in A. gomesii (Price 1959: pl. 1) and A. tsangar-
sangana (Turner 2006: fig. 20), whereas the condition in A. paragonicus (Ortega et al.
2000) and A. buitreraensis (Pol and Apesteguia 2005) remains poorly known.

Two large neurovascular foramina open on the lateral surface of the premaxilla on
a smooth surface just posterior to a depression (narial fossa) and just anterior to the
premaxilla-maxilla foramen (Fig. 15A). The same pair are present in the same position
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in A. gomesii (AMNH 24450; Hecht 1991), although there appears to be only a single
large foramen in the smaller species A. tsangatsangana (Turner 2006: figs. 19, 20). In
other genera, such as Hamadasuchus (Larsson and Sues 2007: fig. 3) or Stolokrosuchus
(Larsson and Gado 2000), small foramina are often present but are not relatively as
large, isolated, or located on a smooth surface related to the margins of the narial fossa.

The straight, rather than labially convex, arrangement of alveoli 1-4 in the pre-
maxillary tooth row is unusual. The external profile of the alveolar margin of the pre-
maxilla, likewise, is also straight or even slightly concave in ventral view (Figs. 13C,
14C). This feature is currently known in A. wegeneri, A. gomesii (Price 1959; Turner
2006; AMNH 244501, and A. sangatsangana (Turner 2006). A similar premaxillary
margin was very likely present in a new species of Araripesuchus described below, given
the opposing straight, anteromedially oriented margin at the anterior end of the den-
tary (Figs. 27C, 28). In A. mangatsangana the alveolar margin of the premaxilla is
gently concave (Turner 2006: fig. 49A), and the corresponding anteriormost dentary
teeth also have a straight, rather than curved, alignment [Turner 2006: fig. 41A]. This
unusual feature may eventually be shown to characterize other closely related noto-
suchians, such as Libycosuchus, which shows a similar condition (Stromer 1914). In
Uruguaysuchus the premaxillary margin is not well described but has been shown as
gently convex (Rusconi 1933; Price 1959). Anatosuchus (Figs. 5, 6), Uberabasuchus
(Carvalho et al. 2004), Hamadasuchus (Larsson and Sues 2007) and most other croco-
dyliforms show the plesiomorphic condition; a line drawn through the centroids of the
premaxillary crowns arches from the midline to the lateral aspect of the snout.

The postcaniniform alveolar margin on the maxilla is dorsally arched, above which
is a smooth buccal emargination (Figs. 14—16). Both features characterize Araripe-
suchus. Although in some other crocodylomorphs the alveolar margin of the maxilla
is sinuous, the portion distal to the caniniform that is dorsally convex is limited to
several crowns and followed by a margin that is ventrally convex, as in Hamadasuchus
(Larsson and Sues 2007). Araripesuchus is distinctive because the entire postcanini-
form series has a dorsally convex margin (Figs. 14A, 15A). This appears to be related
to the enlargement of the opposing dentary teeth (Fig. 20A); when the enlargement
of opposing crowns is more limited, the arching of the maxillary series is more sub-
tle, as in A. patagonicus (Ortega et al. 2000) and A. tsangatsangana (Turner 2006). In
Uruguaysuchus the postcaniniform series also appears to be very gently arched and
may ultimately share this feature with Araripesuchus. The buccal emargination is also
present on the dentary dorsal to a row of neurovascular foramina (Figs. 18A, 31A). As
discussed below, there may have been a fleshy cheek margin functioning for temporary
storage during mastication parallel to that in basal ornithischian and sauropodomorph
dinosaurs (Taquet 1976).

As discussed most notably by Pol and Apesteguia (2005), the alveoli are confluent
for postcaniniform maxillary and for mid- and posterior postcaniniform dentary teeth
in Araripesuchus. In other words, the posterior two-thirds of both upper and lower
dentitions, have incompletely divided alveoli. This is well preserved in the upper and
lower jaws of A. wegeneri (Figs. 14C, 15C, 16C, 19B, 20A, 21B, 27C). In the maxilla,
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medial and lateral walls of the alveoli extend ventrally to an equal degree, so the incom-
plete septa separating the alveoli are best seen in ventral view (Figs. 14C, 15C, 16C). A
similar condition may be present in the reduced postcaniniform series in Libycosuchus
(Stromer 1914) as well as some other basal metasuchians, although more comparative
detail is needed. In Notosuchus the alveolar septa are incomplete along the entire upper
tooth row (Lecuona and Pol 2008).

In the dentary, the lateral alveolar margin is much taller than the medial margin,
so the incomplete septa separating the alveoli are broadly visible in medial view of
a disarticulated dentary (Figs. 18B, 21B, 27B). The lack of a medial wall enclosing
these alveoli is a remarkable feature. The crypts for the roots of the mid- and posterior
postcaniniform teeth in the dentary are actually enclosed medially by the splenial in
Araripesuchus (Pol and Apesteguia 2005). This condition does not appear to be present
in the stout mandibular rami of Libycosuchus (Stromer 1914).

Several features used previously to distinguish Araripesuchus (Ortega et al. 2000;
Pol and Apestiguia 2005; Turner 2006) clearly have a broader distribution among
genera that may be closely related within Notosuchia. These include teeth showing
marked differentiation of tooth type into anterior incisiforms with bulbous subconical
crowns, caniniforms, and squat postcaniniforms; a sharp transition in tooth form be-
tween the upper caniniform tooth (m3) and smaller and similar sized, squat-crowned,
denticulate postcaniniforms; the presence of a basal constriction between crown and
root in most teeth; and inclined denticles along the carinae of many upper and lower
teeth. All of these features are present, for example, in Uruguaysuchus (Rusconi 1933)
and Uberabasuchus (Carvalho et al. 2004), both of which may fall within Notosuchia.

The lateral bulge at the anterior end of the maxilla (Pol and Apesteguia 2005) is
filled by the root of the maxillary caniniform (m3), as seen in a computed-tomographic
scan of the cranium (Fig. 17C). Thus the degree of bulging in the maxilla of Araripe-
suchus is related to the relative size of the caniniform, as it is in many crocodyliforms.
Interpreted in this manner, this feature is not restricted to Araripesuchus but has a
much broader distribution. The corresponding bulge in Hamadasuchus, for example,
occurs somewhat farther posteriorly, corresponding to the more posterior position of
the caniniform (Larsson and Sues 2007).

The jugal ascending ramus diverges at a point posterior to the midpoint of the
ventral rami in Araripesuchus (Pol and Apesteguia 2005), a feature also present in
Anatosuchus (Figs. 5A, 6A) and Uberabasuchus (Carvalho et al. 2004). The ascending
ramus, in contrast, is positioned at the midpoint of the ventral rami in Uruguaysuchus
(Rusconi 1933) and many other basal crocodyliforms. The interpretation of this fea-
ture as a synapomorphy uniting species of Araripesuchus (Pol and Apesteguia 2005)
thus is not clear.

Several features have an uncertain distribution or polarity to function as unam-
biguous synapomorphies uniting species of Araripesuchus. A. wegeneri, A. gomesii (Price
1959) and A. mangatsangana (Turner 2006) have five premaxillary teeth whereas A.
patagonicus (Ortega et al. 2000) has four, a more common condition among crocodyli-
forms. A prominent wedge-shaped posteroventral (quadrate) process on the pterygoid
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characterizes A. wegeneri (Figs. 14C, 15C, 16C, 17C) and A. gomesii (Price 1959) but
is absent in A. patagonicus (Ortega et al. 2000) and A. tsangatsangana (Turner 20006).
The polarity of this character is uncertain. The choanal septum has a flat ventral sur-
face and T-shaped cross-section in A. patagonicus, but the condition in other species of
Araripesuchus seems variable; the septum is flattened to a lesser degree in A. buitreraen-
sis and a subadult specimen of A. gomesii (Pol and Apesteguia 2005) and is present as a
narrow strut with a rounded ventral edge in A. wegeneri (Figs. 14C, 15C) and a mature
specimen of A. gomesii (Price 1959).

Araripesuchus wegeneri Buffetaut & Taquet, 1979
Figs. 14-26

Tables 6-8

Buffetaut and Taquet (1979, fig. 1)

Ortega et al. (2000, fig. 9)

Turner (2006, figs. 5-7)

Holotype. MNHN GDF700; snout composed of articulated upper and lower jaws
and preserved to mid-orbit on the right side with several teeth preserving their crowns.

Type locality. Gadoufaoua, Agadez District, Niger Republic (more precise locality
unknown) (Fig. 1A, C).

Horizon. Elrhaz Formation, Tegama Series; Lower Cretaceous (Aptian-Albian),
ca. 110 Mya (Taquet 1976).

Referred material. MNN GAD19, nearly complete cranium lacking only portions
of the left lacrimal and prefrontal, the palpebrals, and some of the teeth (Figs. 14-17,
19); MNN GAD20, partial skeleton on block preserving the left side of the skull ex-
posing the dentition in medial view and an articulated tail with dermal armor (Figs.
20, 21, 25A); MNN GAD21, partial skeleton on block preserving the ventral portion
of the skull, an articulated partial forelimb, and an articulated tail with dermal armor
(Fig. 24, 25B); MNN GAD22, partial skeleton on block preserving the ventral portion
of the skull, an articulated right manus and pes, a right calcaneum, and an articulated
tail with dermal armor (Fig. 26); MNN GAD?23, isolated snout on block composed of
articulated upper and lower jaws and preserved to mid-orbit on the right side; MNN
GAD?24, isolated left maxilla on block preserving the dentition; MNN GAD25, partial
skeleton preserving the posterior ends of the lower jaws and most of the postcranial skel-
eton except the tail; MNN GAD26, edentulous right dentary from a juvenile (Fig. 18).

An exceptional series of specimens are preserved in close proximity on a single block
of sandstone (MNN GAD20-24) (Fig. 23). Three individuals are fairly complete, par-
tially articulated skeletons with their axial columns aligned side-by-side pointing in the
same direction (MNN GAD20-22). One of the three (MNN GAD20) is slightly small-
er than the other two. Also present are portions of at least two additional individuals, one
represented by an articulated snout (MNN GAD23) and the other by an isolated maxilla
(MNN GAD24). A minimum of five individuals thus are represented on the block.
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Table 6. Measurements and proportions of forelimb elements of Anratosuchus minor MNN GAD17),
Araripesuchus wegeneri MNN GAD21, GAD25), Alligator mississippiensis (FMNH 22027), and Croco-
dylus johnstoni (FMNH 223669). Measurements are from the left side in A. minor and A. wegeneri and
from an average of left and right sides in A. mississippiensis and C. johnstoni. Measurements in A. wegeneri
are based on two partial forelimbs with radii of identical length (MNN GAD21, GAD25); only one
preserved the humerus (MNN GAD25). Estimated measurements for metacarpal 3 in A. minor and A.
wegeneri are based on measurements of metacarpal 1 and 2, the former approximately 15% shorter and
the latter slightly longer than metacarpal 3 (Mook 1921). Parentheses indicate estimated measurement.

Anatosuchus  Araripesuchus Alligator Crocodylus
minor wegeneri mississippiensis  johnstoni

Measurements (mm)

Humerus 80.8 66.0 187.8 58.6
Radius 69.3 50.7 124.8 37.2
Radiale 23.0 20.4 35.2 9.6
Metacarpal 3 (15.0) (13.0) 45.7 12.7
Ratios (%)

Radius/humerus 86% 77% 67% 64%
Radiale/radius 33% 40% 28% 26%
Radiale/metacarpal 3 153% 157% 77% 76%

The close proximity and alignment of the three best preserved skeletons and the
presence of additional individuals on a small block is unusual. Portions of the three
best preserved skeletons (MNN GAD20-22) and the isolated snout (MNN GAD23)
have been lost to postmortem surface erosion and would have been more complete.
Some postmortem disarticulation is evident in all three of the most complete speci-
mens (MNN GAD20-22), although there is no obvious preferred direction or orienta-
tion to displaced elements. The strong curvature of the distal tail in three skeletons, in
addition, is difficult to attribute to postmortem water transport, as the curvature in one
of the skeletons opposes the curvature in the other two.

Revised diagnosis. Small-bodied metasuchian (< 1.0 m) characterized by an an-
terior premaxillary foramen anterior to the first premaxillary tooth; infratemporal bar
of jugal with marginal fossa; supratemporal fossa with marked anteromedial corner;
scalloped posterior margin of skull table with median process; reduction of the pre-
maxillary palate to parasagittal shelves; median elliptical incisive foramen; dentary with
prominent labial alveolar margin that obscures all alveoli in lateral view; caniniform
(d4) to the largest crowns in the postcaniniform series (d13) with relatively low, mesio-
distally broad (crown width 60-80% of crown height), denticulate crowns; and largest
postcaniniform crowns with lingually deflected mesial carina and associated trough.

Discussion. The referred cranium (MNN GADI19; Figs. 14-17, 19) removes any
doubt about the assignment of the African species to Araripesuchus; the shape of the
cranium and many of its structural details are close or identical with the type species
Araripesuchus gomesii (Price 1959).
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Figure 14. Skull of the crocodyliform Araripesuchus wegeneri. Cranium (MNN GAD19). A Lateral

view (reversed). B Dorsal view. € Ventral view. Scale bar equals 5 cm.

Secondly, there is no doubt that cranium MNN GAD19 is correctly referred to
A. wegeneri, because there are many features it shares only with the holotype, a partial
snout (MNHN GDEF700; Buffetaut and Taquet 1979). It is approximately 90% of the
size of the holotype, based on measurements of the snout. Both have five premaxillary
teeth. The jugal in both specimens expands in depth toward its anterior end and has a
shallow sculpted fossa under the orbit. Other shared features found thus far only in the
holotype and MNN GAD19 include a premaxillary sinus, small posterior spine on the
maxilla that projects into the antorbital fenestra, flat strap-shaped border between the
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If apap

Figure 15. Skull of the crocodyliform Araripesuchus wegeneri. Drawings matching the cranium
(MNN GAD19) in Fig. 14. A Lateral view (reversed). B Dorsal view. € Ventral view. Parallel lines
indicate broken bone surface; dashed line indicates missing bone or tooth crown; grey tone indicates
matrix. Scale bar equals 5 cm. Abbreviations: @73, 14, alveolus for maxillary tooth 3, 14; antfe, antorbital
fenestra; antfo, antorbital fossa; apap, articular surface for palpebral; apm 1, alveolus for premaxillary tooth
1; apmf, anterior premaxillary foramen; agj, articular surface for the quadratojugal; be, buccal emargina-
tion; bo, basioccipital; bs, basisphenoid; 4z basal tubera; ch, choana; ¢gp, cranioquadrate passage; ec, ec-
topterygoid; £f, Eustachian foramen; en, external naris; f; frontal; f, flange; fo, foramen; gef, groove for ear
flap; j, jugal; /, lacrimal; /f; lacrimal foramen; /&, laterosphenoid; 7, maxilla; 721, 3, 7, maxillary tooth 1,
3, 7; n, nasal; nfo, narial fossa; oc, occipital condyle; oz, otoccipital; p, parietal; pf; prefrontal; p/, palatine;
pm, premaxilla; pm3, 5, premaxillary tooth 3, 5; pmmf, premaxilla-maxilla foramen; po, postorbital; popr,
paroccipital process; pos, preotic siphonium; 2t pterygoid; 9, quadrate; > quadratojugal; se, septum; sg,
squamosal; so, supraoccipital; sof; suborbital fenestra.
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choana and suborbital fenestra, and a V-shaped anterior margin of the choanae (Figs.
14, 15, 17). Finally, the fifth maxillary crown is preserved in both skulls and corre-
sponds in detail regarding orientation, shape, and surface detail; the subcircular crown
is angled posteroventrally, has a low short primary ridge near the crown apex laterally,
has finely denticulate carinae, and has fine striations on the crown surface, some of
which extend from the denticles.

Dorsal skull roof. The following abbreviate description is based primarily on the well
preserved cranium MNN GAD19 (Figs. 14-17, 19, 22; Table 7) and a nearly complete
dentition in skull MNN GAD20, which was hemisected by erosion (Figs. 20, 21).

The premaxilla exhibits many features important for determining phylogenetic posi-
tion, the monophyly of Araripesuchus, and the distinction of A. wegeneri. Most of the
external surface of the bone is smooth, except for the tip of the posterodorsal ramus
(Figs. 14A, B, 15A, B, 16A). At the anterior tip of the premaxilla, an anterior premaxil-
lary foramen is present and passes posterodorsally into the nasal passage (Fig. 16A). On
the lateral aspect of the premaxilla, the posterior boundary of the narial fossa is indicated
by an arcuate depression, posterior to which are located two large neurovascular fo-
ramina (posterior premaxillary foramina) and one smaller accessory foramen. One large
foramen with a similar anteroventral groove has been described or shown in A. gomesii
(Price 1959) (also AMNH 24450), A. patagonicus (Ortega et al. 2000) and A. san-
gatsangana (Turner 2006). Posterior to these foramina is located the larger premaxilla-
maxilla foramen, which opens between these bones and extends ventrally to the alveolar
margin as a narrow slit (Fig. 16A). In cross-section the body of the premaxilla posterior
to the external nares is hollow (Fig. 17A), a highly unusual feature that is at least partially
responsible for the inflated appearance of the premaxilla (Fig. 16A). This space, a pre-
maxillary sinus, is also visible on the holotype, the cavity filled with matrix and exposed
by erosion (MNHN GDF700). In the scan of A. wegeneri and in an acid-prepared skull
of A. gomesii (AMNH 24450; Hecht 1991), the canal of the premaxilla-maxilla foramen
appears to have an anterior diverticulum that may pneumatize the premaxilla. The scan
also shows that the pair of large lateral foramina on the body of the premaxilla anterior
to the premaxilla-maxilla foramen also communicate with the premaxillary sinus.

The external surface of the maxilla is textured, except for a smooth surface along
the arched, ventral alveolar margin dorsal to the postcaniniform teeth (Figs. 14A, 15A,
16A). The root of the caniniform tooth fills the swelling at the anterior end of the
maxilla. The maxilla extends posteriorly to form the anterior margin of the antorbital
fenestra and fossa. Above the fossa, a narrow prong of the maxilla contacts the pre-
frontal, separating the nasal and lacrimal. This is a sutural configuration present in A.
tsangatsangana but absent in A. gomesii and A. patagonicus (Turner 2006), where the
nasal contacts the lacrimal separating the maxilla and prefrontal.

The nasal is textured most deeply with circular pits in its mid-section and has a
more elevated median nasal bridge than in other species (Figs. 14B, 15B). The nasal-
frontal suture is interdigitated as in A. gomesii (Price 1959) and A. patagonicus (Ortega
etal. 2000), a sutural configuration present in juveniles of A. gomesii (AMNH 24450).
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Table 7. Dimensions (mm) of the referred cranium of Araripesuchus wegeneri (MNN GAD19). Paired
structures measured on left side except as indicated.

Structure Measurement Length

Cranium, maximum length (premaxilla to quadrate condyle) 127.3

Cranium, maximum length (premaxilla to supraoccipital) 121.9

Cranium, width across posterior tip of squamosals 50.4

Cranium, width across quadrate condyles 69.5

Snout, maximum transverse width (at caniniform tooth) 35.5

External naris, dorsoventral height 7.7

External nares, transverse width 13,3

Narial fossa, maximum transverse width 23.5

Antorbital fossa length 8.4

Antorbital fenestra length 4.9

Dorsal skull roof | Antorbital fenestra, maximum height 3.1

Interorbital skull roof, minimum width 15.5

Orbital anteroposterior diameter 32.4

Orbital dorsomedial-ventrolateral diameter 30.0!

Jugal orbital ramus, depth at mid-length 7.8

Jugal lower temporal bar, minimum depth 4.0

Postorbital bar, minimum anteroposterior diameter 4.5

Laterotemporal fenestra length 19.3

Laterotemporal fenestra depth 10.6

Supratemporal fossa, anteroposterior length 19.4

Supratemporal fossa, transverse width 16.4'

Quadrate condyles, transverse width 14.0

Palate Pterygoid mandibular processes, maximum transverse width 51.0

Choana, maximum anteroposterior length 20.5

. Foramen magnum, maximum transverse width 9.4
Braincase .

Foramen magnum, maximum dorsoventral depth 6.0

"Measurement from right side.

The nasal-frontal suture shows less interdigitation in A. zsangarsangana (Turner 2006),
and the frontal has a narrow anteromedian process in A. buitreraensis (Pol and Apes-
teguia 2005).

The L-shaped lacrimal forms nearly all of the smooth surface of the antorbital fos-
sa, which has subequal margins posterior and ventral to the antorbital fenestra as in A.
gomesii (Figs. 14A, 15A). The narrow continuation of the smooth margin of the fossa
extends around the anterior corner of the antorbital fenestra and along the ventral mar-
gin of a posterior prong of the maxilla that partially divides the fenestra. None of the
other species of Araripesuchus have a similar maxillary prong. In both A. gomesii and A.
patagonicus (Ortega et al. 2000), the antorbital fossa is approximately twice the size of the
opening in A. wegeneri relative to the orbit and does not appear to change much in rela-
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Figure 16. Skull of the crocodyliform Araripesuchus wegeneri. Detailed views of the cranium (MNN
GAD19). A Snout margin in anterolateral view. B Posterior portion of the skull in left lateral view. € Pos-
terior palate in ventral view. Scale bars equal 2 cm. Abbreviations: apap, articular surface for the palpebral;
apmf, anterior premaxillary foramen; be, buccal emargination; cgp, cranioquadrate passage; ¢, choana;
ec, ectopterygoid; fo, foramen; fov, fenestra ovalis; gef, groove for the ear flange; j, jugal; pm, premaxilla;
gj> quadratojugal; 7, maxilla; 73, maxillary tooth 3; mco, medial condyle; 7, nasal; nf, narial fossa; p,
parietal; p/, palatine; pm, premaxilla; pm3, 5, premaxillary tooth 3, 5; pmmf, premaxilla-maxilla foramen;
o, postorbital; pos, preotic siphonium; ppmf, posterior premaxillary foramen; pz, pterygoid; p#fl, pterygoid
flange; ¢, quadrate; se, septum; sof; suborbital fenestra; sg, squamosal.
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Figure 17. Skull of the crocodyliform Araripesuchus wegeneri. Computed-tomographic cutaway
views of the cranium (MNN GAD19). A Snout posterior to the external nares in anterior view. B Pos-
terior portion of the skull in anterior view. € Cranium in sagittal section near midline. Scale bar for A
and B equals 2 cm; scale bar for C equals 3 cm. Abbreviations: ¢, choana; ¢, crest; ec, ectopterygoid;
Euc, Eustachian canal; £ frontal; fm, foramen magnum; j, jugal; /, lumen; m, maxilla; 73, 7, maxillary
tooth 3, 7; 7, nasal; np, narial passage; p/, palatine; pm, premaxilla; pm3, 5, premaxillary tooth 3, 5; po,
postorbital; popr, paroccipital process; prf; prefrontal; pz, pterygoid; pifl, pterygoid flange; g, quadrate; se,

septum; sg, squamosal; », vomer.
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tive size after reaching subadult size in A. gomesii (Price 1959; Hecht 1991). The opening
is proportionately largest in A. tsangatsangana and appears to lack any smooth surface at-
tributable to an antorbital fossa (Turner 2006). A prominent knob and ridge are situated
on the lacrimal dorsal to the fossa and are continuous posteriorly with the edge of a large
anterior palpebral. The lacrimal foramen is located ventral to this knob within the orbit.

The anterior and posterior palpebrals are missing in cranium MNN GAD19, ex-
posing articular fossae on the lacrimal and prefrontal anteriorly and on the postorbital
posteriorly (Figs. 14B, 15B). Disarticulated palpebrals have been discovered on the
large block (Fig. 23). In A. wegeneri the interdigitating prefrontal-frontal suture con-
trasts with the broad scarf joint described in A. mangatsangana (Turner 2006). The
prefrontal pillar is anteroposteriorly flattened and angles ventromedially and slightly
posteriorly, tapering strongly from the skull roof to the palate.

The frontal and parietal are fused to their opposites and join each other by an inter-
digitating frontoparietal suture. The frontals have a distinct median crest, and the parietal
skull table between the supratemporal fossae is noticeably narrower than in other species
of Araripesuchus. In A. wegeneri a parasagittal line extending along the orbital margin
passes across the supratemporal fossa rather than along its lateral rim as in other species
(Figs. 14B, 15B). The frontal enters the supratemporal fossa to a greater degree than in
other species of Araripesuchus, reaching the inner margin of the fossa in dorsal view. The
rim of the fossa in A. wegeneri also has a marked anteromedial corner with parasagittal
and transverse edges, whereas in other species the rim of the fossa is nearly uniformly
curved. The posterior margin of the skull table in A. wegeneri is scalloped to each side of
the supraoccipital, differing from the nearly straight posterior margin in other species.

The postorbiral is notched by an articular facet for a small posterior palpebral, as
in other species of Araripesuchus and most stem crocodyliforms. The surface of the
postorbital between this facet and the supratemporal fossa varies, remaining textured
with pits in some species, such as A. gomesii (Price 1959) and A. tsangatsangana (Turner
2006), and smooth in others such as A. patagonicus (Ortega et al. 2000). In A. wegeneri
this surface is smooth and convex (Figs. 14B, 15B) rather than flat with a sharp medial
and lateral rims as in many protosuchians and neosuchians.

The squamosal is distinctly triradiate in dorsal view in A. wegeneri and all other
species except A. gomesii. The difference lies in the length and orientation of the pos-
terior process, which has more subdued pitting and is offset below the skull table. The
posterior process appears to be both shorter and angled more steeply posteroventrally
in A. gomesii, such that it appears to be of negligible length in dorsal view of the skull
(Price 1959; Hecht 1991). The pitted dorsal surface of the squamosal in A. wegeneri
has an L-shaped fossa where the pitted texture is depressed, a condition more strongly
expressed in Simosuchus (Buckley et al. 2000).

The anterior ramus of the jugal extends as a broad process as far anteriorly as the
lacrimal, approaching the border of the antorbital fossa with a narrow fingerlike process.
The anterior ramus is not as deep or extended anteriorly in either A. paragonicus (Ortega
et al. 2000) or A. #sangarsangana (Turner 2006). The base of the smooth rod-shaped
dorsal ramus, which is inset from the textured body of the jugal and pierced by a si-
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Table 8. Dimensions (mm) of the skulls and postcranial bones of Araripesuchus wegeneri preserved in

proximity on a block of matrix (MNN GAD20-22). Measurements are taken from the left side except as

indicated. Ungual length is measured along longest chord from base to tip. Parentheses indicate estimated

measurement. Abbreviations: C, cervical; D, dorsal.

Structure Measurement Length
MNN GAD20, length (premaxilla to quadrate condyle) 111.6
Cranium MNN GAD21, ““ (122.0)
MNN GAD22, “ “ (130.0)
Atlas to tip of tail length (600.0)
Axial column Dorsal vertebrae (D1-15) length (190.0)
(MNN GAD20) | Tail length (300.0)
Osteoderm pair (dorsal) at base of tail, width 34.2
Radius length 50.7
Forelimb Radiale length 20.4
(MNN GAD21) |Metacarpal 1 length 10.2
Metacarpal 2 length 14.2
Metacarpal 3 length (15.8)
Metacarpal 4 length 14.7
Metacarpal 5 length 12.6
Phalanx II-2 length 6.6
Phalanx II-3 (ungual) length 10.2
Manus' Dbl T2 lenit is
alanx I11-2 lengt .
(MNN GAD22) Phalanx I1I-3 length 4.8
Phalanx I1I-4 (ungual) length 8.4
Phalanx IV-1 length 6.9
Phalanx IV-2 length 4.4
Phalanx V-1 length 6.1
Phalanx V-2 length 3.8
Metatarsal 1 length 32.8
Metatarsal 2 length 38.2
Metatarsal 3 length 40.7
Metatarsal 4 length 35.4
Phalanx I-1 length 10.6
Phalanx I-2 (ungual) length 9.4
Phalanx II-1 length 12.4
Pes Phalanx II-2 length 7.7
(MNN GAD22) | Phalanx II-3 (ungual) length 8.8
Phalanx ITI-1 length 12.5
Phalanx ITI-2 length 8.5
Phalanx III-3 length 7.0
Phalanx I1I-4 (ungual) length 7.2
Phalanx IV-1 length 11.8
Phalanx IV-2 length 6.5
Phalanx IV-3 length 6.5

'Right side.
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phonal foramen, is situated on the posterior one-half of the jugal (Figs. 14A, 15A). The
posterior ramus of the jugal is distinctive. As in A. gomesii but unlike other species, the
ramus tapers to a point below the posterior corner of the laterotemporal fenestra rather
than at mid-length along the infratemporal bar. Unique to A. wegeneri, a marginal fossa
with reduced texture is present along the dorsal margin of the posterior ramus.

The L-shaped guadrarojugal has an inset articular facet for the posterior ramus of
the jugal. The quadratojugal-quadrate contact adjacent to the condyles and along the
shaft is an interdigitating suture. Texturing of the external surface of the quadratojugal
is limited to the posteroventral corner, where the bone approaches, but does not con-
tribute to, the articular surface for the lower jaw.

Palate. The configuration of the anterior palate in A. wegeneri is unusual compared to
that in A. gomesii (Price 1959) and other basal metasuchians. The premaxillary contri-
bution is limited to the periphery of the anterior palate adjacent to the alveolar margin.
Opposing premaxillae have very little contact on the palate. They join in the midline
only anterior and posterior to an elliptical incisive foramen (Figs. 14C, 15C). Most of
the palate between the premaxillary tooth rows is formed by the maxillae. A pit for re-
ception of the tip of the dentary caniniform is present at the premaxilla-maxilla suture
medial to the premaxilla-maxilla foramen. The tip of the dentary caniniform in this
location can be seen in the articulated dentition of MNN GAD20 (Fig. 20B).

The configuration of the remainder of the palate, including the palatine, ecroptery-
goid and prerygoid, is quite similar to that in A. gomesii (Price 1959) and A. tsangar-
sangana (Turner 20006). The semicircular suborbital fenestra is larger than the adjacent
choana, which is situated farther posteriorly on the palate, although not butted against
the posterior transverse edge of the pterygoids (Figs. 14C, 15C). A. patagonicus is
unusual in this regard, with the posterior margin of the choana positioned farther
anteriorly than the posterior margin of the suborbital fenestra, although breakage may
have artificially expanded the fenestra (Ortega et al. 2000). A. wegeneri shares with A.
gomesii the presence of a distinctive wedge-shaped flange on the pterygoid at the pos-
terior margin of the palate (Figs. 14C, 15C, 16C, 17C), a process that is either very
reduced or absent in other species of the genus.

Three palatal features differentiate A. wegeneri from other species (Figs. 14C, 15C,
16C). The anterior margin of the choanae is V-shaped rather than transverse; there is
a flat, strap-shaped border between the suborbital fenestra and choana rather than a
narrow, ventrally directed edge; the choanal septum is narrow, its rounded ventral edge
only slightly thickened posteriorly rather than developed as a horizontal flange.

The main shaft of the quadrate angles posteroventrally from the recessed otic re-
gion to the quadrate condyles, which are directed ventrally. In the otic region, there
is a preotic siphonium, ventral to which is a marked fossa and posterior to which is a
large opening housing the fenestra ovalis and confluent cranioquadrate passage (Fig.
16B). A sharp vertical crest on the quadrate contributes to the posterior skull margin,
joining the paroccipital process with the rim of the medial condyle. In posterior view,
a foramen aérum opens on the posterior aspect of the quadrate shaft just above the
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medial condyle. The relatively flat quadrate condyles, which are well preserved on the
left side, are separated by a marked V-shaped cleft.

Braincase. Poorly exposed in other species, the braincase in A. wegeneri is well pre-
served with visible sutures and foramina (Figs. 14C, 15C, 16B, 17C). The supraoc-
cipital is exposed along the posterior margin of the skull table as a pitted subtriangular
surface sutured to a notch between the fused parietals. A thin nuchal crest projects
posteriorly and recedes ventrally at the contact with the exoccipitals.

Although the ventral portion of the occipital condyle on the basioccipiral is weath-
ered away, the hemisphere of the condyle is prominent and fully exposed in ventral view.
The ventral prominence of the condyle is a key difference when compared to the condyle
in an extant crocodylian. A ventrally deflected condyle characterizes notosuchians, such
as Anatosuchus and Simosuchus, but is less common among other crocodylomorphs. In
Hamadasuchus, for example, a comparable profile of the occipital condyle is achieved
with the braincase held in posteroventral view (Larsson and Sues 2007: fig. 5B).

The remainder of the basioccipital angles anteroventrally at approximately 45°. In
the midline moving anteriorly from the condyle, there is a small posterior Eustachian
foramen, a wedge-shaped median crest, and a large anterior Eustachian foramen open-
ing between the basioccipital and basisphenoid. The Eustachian foramen opens antero-
dorsally into the pituitary fossa (Fig. 17C). The lateral edge of the basioccipital curls
up against the low basal tubera to each side, between which is located a relatively small
lateral Eustachian foramen.

In posterior view, the oroccipital (exoccipital + opisthotic) meets its opposite over
the foramen magnum as a protruding rim, excluding the supraoccipital from its border.
The rim, which provides an articular surface for the proatlas, overhangs the foramen
magnum in A. wegeneri, a condition coincident with ventral deflection of the occipital
condyle. In non-notosuchian crocodylomorphs such as Hamadasuchus (Larsson and
Sues 2007), in contrast, the exoccipital rim projects posteriorly. The paroccipital proc-
esses project to each side, their central axis following a sigmoid curve.

The otoccipital forms the extreme dorsolateral edge on each side of the occipi-
tal condyle and then extends anteroventrally to the basioccipital, tapering to a point
against a crest formed by the quadrate and basisphenoid. The anteroventral tip of the
otoccipital is raised as a low, rugose basal tuber, which is held between the basioccipital,
basisphenoid and quadrate. Four foramina open to each side of the occipital condyle
for passage of the posterior cranial nerves and internal carotid artery. The carotid fo-
ramen is larger than the others and opens ventrally rather than ventrolaterally.

Exposure of the basisphenoid is very limited in A. wegeneri. The more extensive
exposure shown in A. patagonicus (Ortega et al. 2000) may well be due to erosion of
the ventral surface of the braincase. Turner described “large posteroventral exposure”
of the basisphenoid in A. sangatsangana (Turner 2006: 286), although this cannot be
verified in images of the specimens. In A. wegeneri the basisphenoid is pinched between
the pterygoids and quadrates anteriorly and the basioccipital and otoccipital posteri-
orly (Figs. 14C, 15C). The basisphenoid contributes to the medial portion of the more
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posterior of two crests running anteromedially from the quadrates to the pterygoids.
This paired posterior crest converges in the midline running across the center of the
exposed surface of the basisphenoid.

Endocast. An endocast, generated from a computed-tomographic scan of cranium
MNN GAD19 (Fig. 22), closely resembles the endocast of Anatosuchus (Fig. 10). Both
have spade-shaped, dorsoventrally compressed cerebral hemispheres separated dorsally
by a shallow sinus. In Araripesuchus there is also a median fossa separating the hemi-
spheres ventrally (Fig. 22C).

The optic lobe is differentiated as a low swelling posterior to each cerebral hemi-
sphere. In the cerebellar region, the sagittal sinus ascends to a height level with the cere-
bral hemispheres, creating a steeply angled pontine flexure resembling that in theropod
dinosaurs (Hopson 1979; Larsson 2001). On the ventral side of the endocast, the exit
for the optic nerves and a pendant pituitary fossa are visible (Fig. 22A, C).

Lower jaw. Except for the dentary (Fig. 18), the lower jaw has yet to be well exposed
in any available specimens. The dentary in A. wegeneri is unusual in several regards.
No alveoli are visible in lateral view. The lateral alveolar margin is dorsally prominent
as compared to its medial counterpart, which appears to be lacking entirely posterior
to dentary tooth 10 (Figs. 18B, 20). The alveolar margin is sinuous in lateral view as
in many crocodyliforms. The most prominent, convex portions of the alveolar margin
house the largest teeth and oppose smaller teeth in the upper tooth row set in a dorsally
concave alveolar margin (Fig. 20A). In lateral view, the alveolar margin adjacent to the
postcaniniforms is smooth and bordered ventrally by a connected row of large neurov-
ascular foramina (Fig. 18A, D).

The dentary symphysis is rugose and fairly shallow (Fig. 18B, D). The articular scar
for the splenial covers the anterior end of Meckel’s canal and then curves onto the dor-
sal aspect of the dentary between the tooth rows (Fig. 18B, C). As a result, the splenial
appears to have formed most of the dorsal surface of the symphysis between the tooth
rows posterior to the caniniform.

Dentition. There are 5 premaxillary, 14 maxillary, and 16 dentary teeth in the best
preserved subadult and adult dentitions (MNN GAD19, GAD20). The teeth in A.
wegeneri are regionalized. For descriptive purposes, we identify upper and lower teeth
as incisiforms, caniniforms, and postcaniniforms, although tooth form grades between
these functional types.

Incisiforms have subconical crowns with a bulbous base separated from an expand-
ed root by a gentle constriction. The crown tip is slightly recurved posterolingually, and
the crown is asymmetrical with a longer mesial than distal carina. The carina is both
smooth and unornamented or has apically inclined, relatively fine denticles number-
ing about 5-6 per mm. The crown surface of incisiforms in A. wegeneri is ornamented
with fine wrinkles toward its apex and very rounded ridges toward the crown base that
are occasionally visible under high magnification of well preserved, unworn crowns.
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Caniniforms are discordantly (20-50%) larger than adjacent teeth, their principal
defining feature. Like the incisiforms, the caniniform teeth have a bulbous crown with
a basal constriction, are asymmetrical with a longer mesial carina, may have either
smooth or denticulate carinae, and have crown surfaces characterized by fine wrinkles
and low rounded ridges.

Figure 18. Right dentary of the crocodyliform Araripesuchus wegeneri. Isolated, edentulous right
dentary from a subadult (MNN GAD26). A Lateral view (reversed). B Medial view. € Dorsal view. D
Anterior view. Scale bar equals 1 cm. Abbreviations: adl, 4, 8, 11, 14, 15, alveolus for dentary tooth 1, 4,
8,11, 14, 15; asp, articular surface for the splenial; be, buccal emargination; dsym, dentary symphysis; fo,
foramen; Mc, Meckel’s canal.
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Postcaniniforms are located posterior to caniniform teeth. Crown form is quite
variable, from tall pointed crowns that are asymmetrical with longer mesial carinae
to squat symmetrical crowns that are longer mesiodistally than deep apicobasally. All
have a marked constriction between crown and root, and all have denticulate mesial
and distal carinae.

There are five premaxillary teeth in A. wegeneri, the first four of which have the
centroid of the tooth base or alveolus aligned in a straight row. The centroid of the
small fifth premaxillary tooth (or its alveolus if missing) is inset slightly lingual to a line
through the other teeth/alveoli. In palatal view, the straight portions of the premaxil-
lary tooth rows converge anteriorly at an angle of 85° as in A. gomesii (Price 1959). A
similar morphology appears to be preserved in A. zsangatsangana (Turner 2006). Al-
though no specimen of A. sangatsangana preserves the premaxillary tooth row in place,
the anterior five dentary teeth are aligned in a straight row [12: fig. 41A]. Libycosuchus
has a similar linear configuration of alveoli, although the tooth rows converge more
abruptly at an angle of approximately 100° (Stromer 1914). The straight premaxil-
lary tooth rows are reflected in the external margin of the premaxilla, which appears
straight or slightly concave, rather than convex, in dorsal view of the cranium.

All but the first premaxillary tooth are preserved in both MNN GAD19 and
GAD20 (Figs. 19A, 20B). All of the crowns are incisiform as described above. The first
three alveoli are virtually identical in size in MNN GAD19, yet the second premaxil-
lary tooth preserved on the left side is slightly smaller than the third premaxillary tooth
preserved on the right side. It is probable, thus, that there is a continuous increase in
crown size from pm1 to pm4 and that pm5 is the smallest of the premaxillary series.

Crown shape is remarkably similar in the premaxillary series and is asymmetrical
in labial and apical views. In labial view, the longer mesial carina is convex, displacing
the crown tip distally. The shorter distal carina is also convex in all but the large pm4,
where it is straight. All of the premaxillary crowns have low vertical fluting and sharp,
unornamented mesial and distal carinae. The lingual crown face is slightly less convex
than its labial counterpart, and a shallow trough is present adjacent to both carinae on
the lingual side of the crown (Figs. 19A, 20B). Given these asymmetries, it is possible
to determine whether an isolated premaxillary crown is from left or right premaxillae.

The maxillary teeth can be divided into two anterior incisiforms (ml, m2), a
caniniform (m3), and 11 postcaniniforms (m4-m14). All have finely denticulate cari-
nae upon eruption (approximately 5-6 denticles per millimeter) and low fluting on
both crown surfaces, as preserved in both MNN GAD19 and GAD20 (Figs. 20, 21).
Fine denticles are present on the carinae of an erupting m1 crown in the mature indi-
vidual MNN GAD19. Apical wear, however, has reduced or obliterated the denticles
on other crowns in the same tooth row (Fig. 19B, C). The mesial and distal carinae
of the caniniform (m3) in MNN GAD19 have been truncated by wear, giving the
misleading appearance that the crown is recurved (Figs. 16A, 19A). An unworn m3
is partially exposed in MNN GAD20 and shows that the caniniform tooth in the up-
per jaw is not recurved but rather has an asymmetrical leaf shape in labial or lingual
view (Fig. 20B).
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Crown shape in the maxillary series changes rapidly from leaf-shaped in m1-3 to
the squat proportions of the postcaniniforms (Fig. 21). The denticles in postcanini-
forms are restricted to the apical margin, and there is often a low primary ridge leading
to the apical denticle.

All of the dentary teeth have finely denticulate margins, although information is
limited for d2 and absent for d1. The fourth dentary tooth is enlarged as a caniniform,
which has a crown shape similar to that of pm4 and m3 in the upper tooth row; the
longer mesial carina is convex whereas the distal carina is straight. Postcaniniform

m9 de

Figure 19. Worn dentition of the crocodyliform Araripesuchus wegeneri. Detailed views of the denti-
tion (MNN GAD19). A Right premaxillary teeth 3-5 in ventromedial view. B Left maxillary teeth 6-11
in ventromedial view. € Left maxillary teeth 9-11 in ventromedial view. Scale bars equal 5 mm. Abbrevia-
tions: apm2, alveolus for premaxillary tooth 2; awf, apical wear facet; ¢4, carina; de, denticle; f, fluting;
m, maxilla; m6, 9, 11, maxillary tooth 6, 9, 11; muwf, medial wear facet; ne, neck; pm, premaxilla; pm3, 5,

premaxillary tooth 3, 5; pmmf, premaxilla-maxilla foramen; 74, root; wf, wear facet.
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crowns decrease in size to d7 followed by an increase in size to d11 and d12 (Fig. 20).
The trough adjacent to the mesial carina on the lingual crown face is marked, giving
the appearance that the mesial edge of the crown is curled lingually (Fig. 20C).

Three aspects of the dentition deserve special note. The first involves crown ori-
entation along the tooth row. Many postcaniniform maxillary and dentary crowns

ne m9 m7 a1 m3 m1  pm5 pm4
A
pm2
m13
B
pm2
c m1
ca
d11
d4

Figure 20. Unworn dentition of the crocodyliform Araripesuchus wegeneri. Detailed views of the
anterior and middle portions of the tooth rows (MNN GAD20). A Left tooth rows in medial view. B
Anterior portion of left tooth rows in medial view. € Middle portion of left tooth rows in medial view.
Scale bar equals 1 cm in A and 5 mm in B and C. Abbreviations: ca, carina; d2, 4, 5, 7, 9, 11, 14, 16,
dentary tooth 2,4,5,7,9, 11, 14, 16; m1, 3, 5, 7, 9, 13, maxillary tooth 1, 3, 5,7, 9, 13; ne, neck; pm2-5,

premaxillary tooth 2-5; 74 root.
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Figure 21. Unworn dentition of the crocodyliform Araripesuchus wegeneri. Detailed views of the
middle and posterior portions of the tooth rows (MNN GAD20). A Middle portion of left tooth rows in
medial view. B Posterior portion of left tooth rows in medial view. € Close-up view of maxillary tooth 7
and dentary tooth 10 and 11 in medial view. Scale bar for A and B and scale bar for C equal 5 mm. Ab-
breviations: aca, anterior carina; ad, apical denticle; 2412, alveolus for dentary tooth 12; d9-11, 14, 16,
dentary tooth 9-11, 14, 16; de, denticle; m4, 7-9, 13, maxillary tooth 4, 7-9, 13; ne, neck; pca, posterior

carina; pri, primary ridge; 74, root; se, septum; #r, trough.
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Figure 22. Endocast of the crocodyliform Araripesuchus wegeneri. Endocast (UCRC PVC5) proto-
typed from a computed-tomography scan of skull MNN GAD19. The endocast lacks a portion of the pi-
tuitary fossa and right and left labyrinths. A Lateral view. B Dorsal view. € Ventral view. Scale bar equals
1 cm. Abbreviations: cer, cerebrum; ¢n/l, cranial nerve II (optic nerve); Isin, longitudinal sinus; opz, optic
lobe; pit, pituitary fossa; vfo, ventral fossa.

are canted mesiolingually (anteromedially) relative to the tooth row, creating an en
echelon arrangement reminiscent of the condition in basal sauropodomorph and orni-
thischian dinosaurs. This can be seen in m5—7 in MNN GAD19 and d9-11 in MNN
GAD20 (Figs. 14C, 15C, 20C). Secondly, the postcaniniform maxillary teeth and
mid- and distal dentary teeth are set into a trough with alveoli incompletely divided
by bony septa. The maxillary trough is best seen in MNN GAD19, and the lingually
open alveoli in the dentary series are best seen in MNN GAD20. Thirdly, blunt api-
cal wear occurs throughout the dentition in MNN GAD19. The prevalence of blunt
apical tooth wear, denticulate carinae, crown surfaces with fluting, en echelon crown
orientation and the absence of recurved caniniforms suggest that A. wegeneri may have
been an opportunistic, or even an obligate, herbivore. A detailed study of occlusion
and wear is warranted on the materials here described.
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cda MNN GAD20 MNN GAD23

pe MNN GAD21 ma MNN GAD22

Figure 23. Block containing skeletons of the crocodyliform Araripesuchus wegeneri. Three aligned
and partially articulated skeletons (MNN GAD20-22) and a partial skull (MNN GAD23) in dorsal view.
Weathered portions of the crania were restored based on MNN GADI19. Scale bar equals 20 cm. Abbre-
viations: cda, caudal dermal armor; ma, manus; pe, pes.

Axial skeleton. Portions of the axial column are preserved and differ little from that
preserved in A. gomesii (Hecht 1991). The centra are amphicoelous. The thin sub-
quadrate dorsal and caudal osteoderms have low parasagittal keels and no articular
processes. The tail is surrounded by osteoderms, including paired dorsal osteoderms
extending at least over the proximal two-thirds of the tail, a single lateral row in the
proximal tail, and paired ventral osteoderm rows (Fig. 24).

Appendicular skeleton. The limbs are the best exposed portion of the appendicular
skeleton. The humerus, radius and ulna in A. wegeneri have straight and relatively slen-
der shafts with proximal and distal articular surfaces consistent with upright posture
(Fig. 25). In extant crocodylians with a habitual posture that is less erect, the humeral
shaft has a sigmoidal axis and the distal condyles face anteriorly. The radiale, ulnare and
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metacarpals (Figs. 25B, 26A), likewise, are proportionately elongate compared to those
in extant crocodylians (Mook 1921).

Articulated forelimb elements in two individuals permit measurement of pro-
portions within the forelimb of adult Araripesuchus for the first time (Table 6).
Compared to extant crocodylians, distal forelimb segments in A. wegeneri are longer
relative to proximal segments. Thus the radius is longer relative to the humerus,
and the radiale is longer relative to the radius in A. wegeneri by a factor of between
10-15%. Comparison of the radiale and metacarpal three, however, is more striking.
The radiale is more than 150% of metacarpal three length in A. wegeneri, whereas
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Figure 24. Caudal skeleton of the crocodyliform Araripesuchus wegeneri. Flexed, articulated tail
showing paired dorsal osteoderm rows in dorsal view, lateral osteoderm row in lateral view and ventral
osteoderm rows in ventral view (MNN GAD20). Scale bar equals 5 cm. Abbreviations: #, keel; / do, left
dorsal osteoderm; / vo, left ventral osteoderm; 7 do, right dorsal osteoderm; 7 /o, right lateral osteoderm; »

vo, right ventral osteoderm.
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the radiale is only about 75% the length of metacarpal three in extant crocodylians.
In other words, the elongate proximal carpals in A. wegeneri are approximately twice
their length relative to the metacarpus in extant crocodylians. Relative lengthening
of distal limb segments also suggests greater relative speed and a more upright limb
posture. The proximal end of each metacarpal is flattened and expanded to enhance
overlap, and the distal end is marked by pits that allow considerable extension of the
proximal phalanges (Fig. 26A).

The long bones in the hind limb also have straight shafts. A calcaneum near skele-
ton MNN GAD22 (Fig. 23) has a deep calcaneal tuber that is only moderately laterally
deflected. An articulated pes has straight, proportionately long metatarsals with flat-
tened proximal shafts to enhance overlap and distal pits for extension of the proximal
phalanges (Fig. 26B). These features, again, suggest that during terrestrial locomotion,
limb posture in A. wegeneri was more upright than in extant crocodylians.

hd
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Figure 25. Forelimb bones of the crocodyliform Araripesuchus wegeneri. A Left humerus in anterior
view (MNN GAD20). B Partial right forelimb in anterior view (MNN GAD21). Scale bars equal 2 cm.
Abbreviations: dcon, distal condyles; dpc, deltopectoral crest; hd, head; mcl—3, metacarpal 1-3; ra, radius;

rae, radiale; sh, shaft; u/, ulna; ule, ulnare.



56 Paul C. Sereno ¢ Hans C.E. Larsson | ZooKeys 28: 1-143 (2009)

mc1 un II-3
A
mc2
un lll-4
mc3
mc5
mc4 ph 111-1
ph V-2 ph V-1
B
mt3 mt1
mt2
mt4
hl-1
ph IV-1 B
ph 1I-2 un 1-2
ph IV-3
ph 1I-1
un ll-4 —— un -3

Figure 26. Manus and pes of the crocodyliform Araripesuchus wegeneri. A Right manus in dorsal
view (MNN GAD22). B Right pes in dorsal view (MNN GAD22). Scale bar equals 1 cm in Aand 2 cm in
B. Abbreviations: /-V; digits I-V; mcI-5, metacarpal 1-5; mt1—4, metatarsal 1-4; ph, phalanx; un, ungual.
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Araripesuchus rattoides sp. n.

urn:lsid:zoobank.org:act: CF171699-D3FD-4B5C-909A-21C4412BCBOE
Figs. 27-30

Table 9

Etymology. Rattus (Latin); -oides, likeness (Latin). Named for the enlarged, procum-
bent first dentary tooth, which is reminiscent of the condition in many rodents.

Holotype. CMN 41893; right dentary preserving alveoli 1-14.

Referred material. UCRC PV3; anterior portion of left dentary preserving alveoli 1-8.

Type locality. Er Rachidia District (exact locality unknown), eastern Morocco
(Fig. 1A, B). A referred specimen (UCRC PV3) was surface collected in 1990 in a
small wash at Darelkarib (south of Erfoud).

Horizon. Kem Kem Beds; Upper Cretaceous (Cenomanian), ca. 95 Mya (Sereno
etal. 1996). The referred specimen (UCRC PV3) appears to have come from the lower
member (pers. commun. D. Dutheil).

Diagnosis. Small-bodied metasuchian (< 1 m) with an enlarged procumbent first
dentary tooth that is set immediately adjacent to the midline; smaller procumbent sec-
ond dentary tooth; a caniniform fourth dentary tooth that is particularly large (twice
the basal dimensions of adjacent crowns); and a smooth anterior surface on the dentary
symphyses with an oval fenestra opening into the first alveolus.

Dentary. The dentary of A. rattoides show a series of features that distinguishes it from
the previously named species A. wegeneri and from a contemporary unnamed spe-
cies from Cenomanian beds in Niger that closely resembles A. zsangatsangana (Turner
20006). The skull in A. rattoides appears to be proportionately narrower than in A we-
generi, based on the angle of divergence of the dentary tooth row from the midline. In
A. wegeneri, the tooth row diverges at an angle between 20 and 25° from the midline
(Fig. 18C), an angle matching the divergence of the upper tooth row (Figs. 14C, 15C).
In A rattoides, by contrast, the angle of divergence is approximately 10° (Fig. 27C),
or less than half that in A. wegeneri. The anterior end of the dentary in A. rattoides is
proportionately deeper than in A. wegeneri and other species of Araripesuchus. This dif-
ference is visible in both anterior and lateral view (Figs. 18A, D, 27A, D).

The orientation of the alveoli for teeth d1-11 is more procumbent in A. rattoides.
The first and second alveoli project more strongly anteriorly than dorsally, a difference
best appreciated in anterior view (Figs. 18D, 27D). Succeeding alveoli, including the
caniniform (d4) and d5-11, are visible in lateral view (Fig. 27A), whereas they are hid-
den by the dorsal edge of the alveolar margin in A. wegeneri (Fig. 18A). Despite the
more pronounced anterior projection of the anteriormost pair of teeth, the symphyseal
region below these teeth (Fig. 27A) is deeper than in A. wegeneri (Fig. 18A) and in a
larger contemporary of A. wegeneri (Fig. 31A). Moreover, unlike these other species,
the symphyseal articular surface of the dentary is not uniformly rugose in A. raztoides as
it is in A. wegeneri and its larger contemporary (Figs. 18B, 31B). The anterior portion
is smooth and fenestrated, as seen in two specimens (Figs. 27B, 28C).
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Tooth size is also distinctive in A. rattoides (Table 9). The first tooth is 75% the
average diameter of the caniniform tooth (d4), which is already twice the diameter
of adjacent crowns. In A. wegeneri the first dentary tooth is small (Fig. 27C), and the
caniniform is considerably less than twice as large as adjacent crowns (Fig. 20B).

ad1

Figure 27. Right dentary of the crocodyliform Araripesuchus rattoides sp. n. Isolated right dentary
lacking teeth (CMN 41893). A Lateral view (reversed). B Medial view. € Dorsal view. D Anterior view.
Scale bars equal 2 cm in A-C and 1 cm in D. Abbreviations: ad1, 3, 4, 8, 11, 13, 14, alveolus for dentary
tooth 1, 3, 4, 8, 11, 13, 14; asp, articular surface for the splenial; dsym, dentary symphysis; fen, fenestra; fo,
foramen; Mc, Meckel’s canal; rdsym, rough dentary symphysis; sdsym, smooth dentary symphysis.



Cretaceous Crocodyliforms from the Sahara 59

Figure 28. Left dentary of the crocodyliform Araripesuchus rattoides sp. n. Pencil drawing of isolated
left dentary ramus lacking teeth (UCRC PV3). A Dorsal view. B Ventral view. C Medial view. Scale bar
equals 1 cm. Parallel lines indicate broken bone surface. Abbreviations: ad1, 4, 5, 8, alveolus for dentary
tooth 1, 4, 5, 8; asp, articular surface for the splenial; fer, fenestra; fo, foramen; sym, symphysis.

Figure 29. Computed-tomographic scan of the crocodyliform Araripesuchus rattoides sp. n. Iso-
lated left dentary ramus lacking teeth (UCRC PV3). A Drawing in dorsal view showing the location of
cross-sections (B-D). B Parasagittal section showing the size and orientation of the alveolus for dentary
tooth 1. € Cross-section through the alveolus of the fourth dentary tooth. D Cross-section through the
alveolus of the sixth dentary tooth. Scale bar for B-D equals 1 cm. Abbreviations: ad1, 4, 6, alveolus for
dentary tooth 1, 4, 6; sym, symphysis; vc, vascular cavity.
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Tooth number may have been slightly greater in A. rattoides. In A. wegeneri, the
largest postcaniniform teeth are d11 and d12 (Figs. 18B, 20A). In A. rattoides the larg-
est postcaniniform dentary teeth are d12 and d13 (Fig. 27, Table 9).

Table 9. Dimensions (mm) of the alveoli in the holotype right dentary of Araripesuchus rattoides (CMN
41893). Width is labiolingual; length is mesiodistal. Parentheses indicate estimated measurement; dash
indicates partially preserved alveolus, the dimension for which cannot be determined.

Alveolus Width Length Comments
1 4.0 4.0 | Enlarged incisiform tooth, subcircular alveolus
2 2.6 2.6
2 2.4 2.4 | Smallest incisiform tooth, subcircular alveolus
4 5.1 6.3 | Caniniform tooth
5 3.0 3.5
6 2.4 2.4
7 1.9 2.0 | Smallest tooth, subcircular alveolus
8 2.0 2.3 | Second smallest tooth, subcircular alveolus
9 2.1 2.9
10 2.3 3.3
11 3.2 4.0
12 (4.0) 5.0
13 — 5.3 | Largest tooth
14 — 3.8
15 — —

Figure 30. Reconstruction of the dentition of the crocodyliform Araripesuchus rattoides sp. n.
Anterior dentition restored based on the size and orientation of the alveoli in CMN 41893 and UCRC
PV3. A Dorsal view. B Ventral view. C Anterolateral view with premaxillary and anterior maxillary
dentition restored to match those in the dentary. Given the presence of large, adjacent first dentary teeth,
there may have been a median diastema between the premaxillary teeth and one or two fewer teeth in
each premaxillary tooth row. Scale bar equals 2 cm in A and B. Abbreviations: 41, 4, 8, dentary tooth 1,
4, 8; d, dentary; di, diastema; 71, maxillary tooth 1; pmI, 2, premaxillary tooth 1, 2.
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Other features in A. rattoides confirm its status as a species of Araripesuchus. Both A.
rattoides and A. wegeneri have an unusual anterior extension of the articular scar for the
splenial located dorsal to the symphysis on the subhorizontal palatal surface. This articu-
lar extension of the splenial, which is located medial to the alveoli for d4-6 (Fig. 27C),
is continuous posteriorly with the more typical vertical splenial attachment scar dorsal
to Meckel’s canal. A. wegeneri shows a similar articular extension of the splenial (Fig.
18C). The alveoli posterior to d11, in addition, are open medially with alveolar septa
poorly developed as low rounded ridges (Fig. 27B, C). A similar condition is present in
A. wegeneri (Fig. 18B) and some other species (Fig. 31C) (Pol and Apesteguia 2005).

Araripesuchus sp.
Fig. 31

Material. MNN GAD27; isolated left dentary lacking teeth.

Type locality. Gadoufaoua, Agadez District, Niger Republic (more precise locality
unknown) (Fig. 1A, C).

Horizon. Elrhaz Formation, Tegama Series; Lower Cretaceous (Aptian-Albian),
ca. 110 Mya (Taquet 1976).

Discussion. With the notable exception of MNN GAD?27, all of the cranial re-
mains of Araripesuchus recovered from the Elrhaz Formation pertain to subadult or
adult individuals with skull lengths between 10-15 cm. MNN GAD?27, a left dentary
lacking teeth with preserved crowns (Fig. 31), is approximately twice the length of the
specimens described above for A. wegeneri and A. ratroides and would pertain to a skull
approximately 25-30 cm long.

In addition to its large size, the number of postcaniniform alveoli is greater than in
other specimens. Probably at least three additional postcaniniform teeth are present.
The largest teeth in the dentary of A. wegeneri are between alveoli 10 and 13. In this
larger dentary, the postcaniniform alveoli increase in size markedly starting with al-
veolus 13, suggesting that the comparable range for the largest dentary teeth would
be alveoli 13-16.

Finally, the dorsal surface of dentary medial to the postcaniniform series (Fig. 31C)
is flat, horizontal, and devoid of the accessory splenial articular scar observed in A.
wegeneri (Fig. 18B) and A. ratroides (Fig. 27B). In medial view, for example, no part of
the nonarticular symphyseal surface medial to the tooth row is exposed, in contrast to
the other African species (Figs. 27B, 28C, 31B).

The differences between this specimen and the others suggest the presence of a sec-
ond, larger species of Araripesuchus in the Elrhaz Formation. A similar circumstance
was recently proposed for fossil material recovered from the La Buitrera locality in the
Candeleros Formation in Argentina (Pol and Apesteguia 2005). There, a second larger
species similar in size to MNN GAD27 occurs as a contemporary of a more common
smaller species of Araripesuchus (A. buitreraensis) with a skull length of under 15 cm.
On the other hand, increased tooth number and better defined or developed features
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Figure 3 1. Left dentary of the crocodyliform Araripesuchus sp. Cast (UCRC PVC7) of an isolated,
edentulous left dentary (MNN GAD27). A Lateral view. B Medial view (reversed). € Dorsal view (re-
versed). Scale bar equals 1 cm. Abbreviations: ad3-5, 9, 13, 14, alveolus for dentary tooth 3-5, 9, 13, 14;
asp, articular surface for the splenial; be, buccal emargination; dsym, dentary symphysis; fo, foramen; gr,
groove; Mc, Meckel’s canal.

may manifest themselves in particularly large individuals within a species. We are
inclined to regard MNN GAD27 as a distinct species but await confirmation from
more complete remains before establishing formal taxonomic recognition.

Mahajangasuchidae fam. n.
urn:lsid:zoobank.org:act:6C28D343-821D-4CF6-B293-F12EDBB59B15

Diagnosis. Mid- to large-sized (-4-6 m) metasuchians with fused nasals, lacrimal-
nasal contact absent, postorbital bearing an oval laterally facing fossa that may have
served for articulation with the posterior palpebral, squamosal and parietal form a
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hornlike posterodorsal process, steeply arched ventral jugal margin with a ventrola-
teral fossa at apex, ectopterygoid vertical and flush at jugal contact rather than arch-
ing medially, jaw articulation below posterior tooth row, pterygoid choanal septum
with anterior footplate for palatine, pterygoid choanal septum with ventral edge
expanded to approximately 40% of septum length, and pterygoid choanal wall in-
vaginated dorsal to posterior margin of palate, deep mandibular symphysis oriented
at approximately 45° anterodorsally, dorsolateral ridge on surangular, and maxillary
tooth row terminates anterior to orbit.

Etymology. Named on the basis of Mabajangasuchus insignis (Buckley and Bro-
chu 1999), the first described member of the clade. New fossil finds continue to ex-
pand basal metasuchian diversity, although interrelationships are poorly established.
Establishing this stem-based taxon for Mahajangasuchus, Kaprosuchus and taxa closer
to them than to several other metasuchians establishes a well known anchor among
basal metasuchians, to which other taxa may eventually be assigned.

Phylogenetic definition. The most inclusive clade containing Mahajangasuchus
insignis Buckley and Brochu 1999 but not Nozosuchus terrestris Woodward 1896, Si-
mosuchus clarki Buckley et al. 2000, Araripesuchus gomesii Price 1959, Baurusuchus pa-
checoi Price 1945, Peirosaurus torminni Price 1955, Goniopholis crassidens Owen 1842,
Pholidosaurus schaumbergensis Meyer 1841, Crocodylus niloticus (Laurenti 1768).

Discussion. Kaprosuchus saharicus represents a distinctive new crocodyliform dis-
tinguished by numerous cranial autapomorphies. Derived characters shared with other
crocodyliforms are limited, although a suite of features listed in the familial diagnosis
above links K. saharicus to the unusual crocodyliform, Mahajangasuchus insignis, from
the Upper Cretaceous of Madagascar (Buckley and Brochu 1999; Turner and Buckley
2008). These are described in more detail below (see Phylogenetic relationships).

Kaprosuchus gen. n.
urn:lsid:zoobank.org:act:B8927ECE-E826-45CD-8A04-540F9E4BFE1C

Etymology. Kapros, boar (Greek); souchos, crocodile (Greek). Named for the extreme
length of its three opposing pairs of caniniform teeth.

Type Species. Kaprosuchus saharicus.

Diagnosis. Same as for type species K. saharicus.

Kaprosuchus sabaricus sp. n.
urn:lsid:zoobank.org:act:1951A16E-5AD8-4959-AB6B-666D02B22049
Figs. 32-36

Tables 10, 11

Etymology. Sahara, Sahara Desert; -icus, belonging to (Greek). Named for the region
where the holotype was discovered.
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Holotype. MNN IGU12; nearly complete skull missing only portions of the right
postorbital, squamosal and the middle one-third of the braincase.

Type locality. Iguidi (west of In Abangharit), Agadez District, Niger Republic (N
17°56°, E 5° 37°) (Fig. 1A).

Horizon. Echkar Formation, Tegama Series; Upper Cretaceous (Cenomanian),
ca. 95 Mya (Taquet 1976). In association with the crocodyliform Laganosuchus thau-
mastos, the abelisaurid Rugops primus, the spinosaurid Spinosaurus sp., the carcharo-
dontosaurid Carcharodontosaurus iguidensis, an unnamed rebbachisaurid and titano-
saurian sauropods.

Diagnosis. Mid-sized (-6 m) neosuchian with the cranium characterized by par-
asagittal premaxillary rugosities separated by smooth margins near the midline and
along the ventral alveolar margin; median keel formed along interpremaxillary suture;
circumnarial fossa absent external to the rim of the external nares; rim of external
nares telescoped above snout and internarial bar; premaxillary medial process forms
posterior margin of the narial rim; nasal forms all of the internarial bar; lacrimal ante-
rior ramus extends anterior to the antorbital fossa; jugal notch for surangular shifted
strongly dorsomedially; fossa on jugal dorsal to coronoid process; supratemporal bar
with parasagittal orientation; rugose, posterodorsally projecting squamosal-parietal
horn; pneumatic spaces within the supratemporal fossa project into the base of the
squamosal-parietal horn; anterior palate transversely convex and posterior palate trans-
versely concave; choanal fossa subquadrate; choanal septum expanded ventrally with
lenticular shape; and suborbital fossa transversely narrow and facing laterally.

Diagnostic features of the lower jaws include a dentary symphysis with long axis
canted posteroventrally at 45° from the horizontal; surangular attachment process im-
mediately posterior to the mandibular flange; angular ventral margin everted; hyper-
trophied retroarticular process (equaling quadrate length and three times the width of
the quadrate condyles); retroarticular process with lateral ridge; axis of retroarticular
process diverges posterolaterally; and the retroarticular ramus of the angular expands
transversely toward the distal extremity of the process.

Diagnostic features of the dentition include hypertrophied premaxillary, maxil-
lary and dentary caniniforms extending dorsal and ventral to the maxilla and dentary,
respectively; nearly straight, labiolingually compressed crowns; pm1 rotated so that the
lingual crown surface faces posterolaterally to oppose d1 caniniform; small noncanini-
form maxillary teeth; d1 and d2 project dorsally into premaxillary pits, d1 enlarged
relative to d2; and d3 (rather than d4) constitutes the lower caniniform.

Dorsal skull roof. The cranium of Kaprosuchus presents a unique morphological hy-
brid that combines aspects of two of the cranial forms commonly encountered among
crocodylomorphs (Langston 1973; Brochu 2001). The snout has generalized propor-
tions with a dorsally opening naris. Normally the teeth in this skull form are subconical
and of moderate length, and the posterior skull of moderate depth. In Kaprosuchus, by
contrast, the generalized snout is paired with hypertrophied, labiolingually compressed
caniniforms and a posterior skull with deep proportions (Figs. 32-34).
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The external nares are telescoped dorsally with a sharp rim (Fig. 35A). In profile
(Figs. 33A, 34A), the snout ascends as it joins the orbital rim and skull table, beyond
which the squamosal horns project at a conspicuous angle (Fig. 36A). The antorbital
fenestra is narrow but elongate and partially surrounded by a fossa (Fig. 35B). Despite
the dorsoventrally flattened snout, the subcircular orbits open laterally more than ver-
tically and are angled anteriorly, suggesting that there may have been overlap in the
visual fields (Fig. 36A). The supra- and laterotemporal fenestrae are relatively small,
reflective of the relatively short skull table (Figs. 33B, 34B).

Most of the cranial surface has linear sculpting, with subcircular pitting predomi-
nant only on the frontals. Two aspects of surface texture require special comment. The
anterior surface of the premaxilla has a raised rugose texture with several neurovascular
openings (Figs. 35A, 36). The second unusual feature is branching impressed vessel
tracts, a pair of which emerge from the anterior end of the antorbital fenestra (Figs.
33B, 34B). The more posterior of these tracts bifurcates distally, with one sub-branch
curving ventrally to the alveolar margin by maxillary tooth 7 and a second sub-branch
curving posteriorly onto the anterior end the jugal. The more anterior of these tracts
courses anteriorly along the snout margin, with a pair of sub-branches curving to the
alveolar margin by the diastema and by the posterior margin of the third maxillary
caniniform (Figs. 33A, 34A).

The premaxilla forms the broad snout end (Figs. 33, 34, 35A, 36A). Most of the
external surface of the bone has a rugose texture that is sharply delimited by smooth
margins along the interpremaxillary suture medially and along the alveolar margin
ventrally. As a result, the paired rugosity strongly resembles a well-trimmed “mous-

Figure 32. Skull of the crocodyliform Kaprosuchus saharicus gen. n. sp. n. Articulated cranium and
lower jaws in anterolateral view (MNN IGU12). Scale bar equals 10 cm.
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Figure 33. Skull of the crocodyliform Kaprosuchus saharicus gen. n. sp. n. Cast (UCRC PVCS8) of
cranium and lower jaws (MNN IGU12), which were separated from a cast of the skull (which remains in
one piece). Left maxillary teeth 1 and 8 were missing and are based on the corresponding right maxillary
teeth. Dentary teeth 9-16 cannot be seen as a result of the adduction of the jaws but were visualized and
then reconstructed on the basis of a computed-tomographic scan. A portion of the right side of the skull
table is not preserved and is a reflection from the left side. Most of the occiput is not preserved and has
been reconstructed. A Cranium and lower jaws in left lateral view. B Cranium in dorsal view. € Cranium

in ventral view. Scale bar equals 20 cm.
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Figure 34. Skull of the crocodyliform Kaprosuchus saharicus gen. n. sp. n. Drawings matching the
cranium and lower jaws (MNN IGU12) in Fig. 33. A Cranium and lower jaws in left lateral view. B
Cranium in dorsal view. € Cranium in ventral view. Dashed line indicates missing bone or tooth crown.
Scale bar equals 20 cm. Abbreviations: 4, angular; antfe, antorbital fenestra; antfo, antorbital fossa; apap,
articular surface for palpebral; ar, articular; asaf, anterior surangular foramen; bo, basioccipital; &s, basi-
sphenoid; ¢, choana; &, dentary; d1-3, 8, 16, dentary tooth 1-3, 8, 16; dd3, 8, diastema for dentary tooth
d3, d8; ec, ectopterygoid; Ef, Eustachian foramen; emf, external mandibular fenestra; en, external naris; f;
frontal; fi1, 2, 5, fossa for dentary tooth 1, 2, 5; gef; groove for ear flap; j, jugal; jfo, jugal fossa; /, lacrimal;
m, maxilla; m1, 3, 7, 10, maxillary tooth 1, 3, 7, 10; 7, nasal; nfo, narial fossa; p, parietal; pf, prefrontal;
pl, palatine; pm, premaxilla; pmI-3, premaxillary tooth 1-3; po, postorbital; pz, pterygoid; ¢, quadrate;
gc, quadrate cotylus; gj, quadratojugal; 7p, retroarticular process; sz, surangular; se, septum; sof, suborbital
fenestra; sq, squamosal; sgh, squamosal horn; 72, tooth mark; g, vascular groove.
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Table 10. Dimensions (mm) of the skull of Kaprosuchus saharicus (MNN IGU12). Paired structures
measured on left side except as indicated. Parentheses indicate estimated measurement.

Structure Measurement Length
Cranium, maximum length (premaxilla to quadrate condyle) 507.0
Cranium, width across posterior tip of squamosals (112.0)
Cranium, width across quadrate condyles 213.8
Snout, maximum transverse width 179.4
Snout, minimum transverse width (at notch for dentary canine) | 105.1
External naris, anteroposterior length 36.9
External naris, maximum transverse width 55.2
Antorbital fossa length (73.0)
Antorbital fenestra length 38.5!
Antorbital fenestra, maximum height 9.71
Drosell sl ey Interorbital skull roof, minimum width 37.0
Orbital anteroposterior diameter 59.6
Orbital dorsoventral diameter 47.6
Jugal orbital ramus, depth at mid-length 26.1
Jugal lower temporal bar, minimum depth 14.5
Postorbital bar, minimum anteroposterior diameter 7.4
Laterotemporal fenestra length 59.7
Laterotemporal fenestra depth (28.5)!
Supratemporal fossa, anteroposterior length 60.9
Supratemporal fossa, transverse width 44.1
Quadrate shaft length (107.0)
Quadrate condyles, transverse width 52.6
Palate . . . .
Pterygoid mandibular processes, maximum transverse width 177.8
Choana, maximum anteroposterior length 35.5
Lower jaw, maximum length (to end of retroarticular process) 603.0
Lower jaw, anterior end, transverse width 105.6
Lower jaw, mid-section end, transverse width 20.9
Lower jaw, retroarticular process distal tips, transverse width 238.0
Lower jaw Sympbhysis (dentary and splenial) 81.3
External mandibular fenestra, length 39.0
External mandibular fenestra, depth 16.1
Retroarticular process, length 122.7
Retroarticular process, transverse width at mid-length 32.5

"Measurement from right side.

tache” in anterior view (Fig. 36A). The edges of the rugosity are elevated above the
body of the premaxilla, suggesting that the rugosity is a product of secondary growth.
This surface likely supported a keratinous shield of some kind, as is often the case for
rugose, elevated, vascularized bone among extant amniotes.
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The alveolar margin of the premaxilla is rounded and gently scalloped between
the premaxillary teeth. the alveolar margin descends toward the large alveolus of the
caniniform pm3. In the midline, the interpremaxillary suture lies in a trough near the
alveolar margin but projects as a crest between the rugosities (Fig. 36A). The rim of the
external naris is gently everted (Fig. 36A). In dorsal view, swollen premaxillary proc-
esses extend the elevated rim to the posterior side of the external naris (Fig. 35A). The
posterior ramus of the premaxilla meets the maxilla along a raised suture. The medial
margin of the ramus approaches the midline, reducing the nasals to a narrow fused
median strut (Figs. 33B, 34B).

The medial two-thirds of each maxilla is oriented horizontally whereas the lateral
one-third is oriented vertically. In lateral view, the anterior end of the maxilla is deeply
notched to accommodate a large caniniform d3 (Figs. 33A, 34A). A large dorsal bulge
is present over the caniniform m3 to accommodate its root (Fig. 36B). Three distinct
ridges are present on the dorsal aspect of the maxilla. The first curves posteromedially
from the notch for the caniniform d3 to the maxilla-nasal suture; the second curves
from the alveolar bulge over the caniniform m3 to the maxilla-nasal suture; and the
third arises along the dorsal margin of the antorbital fenestra. The second and third
ridges join posterodorsally to form a V-shaped junction on the prefrontal, which is
located dorsal to the posterior end of the antorbital fenestra. The posterior rami of the
maxilla diverge. The posteroventral ramus maintains a horizontal orientation, whereas
the posterodorsal ramus ascends at 45° toward the orbital rim.

The nasal is elongate, transversely arched, and fused to its opposite anteriorly and
along its mid-section (Figs. 33A, 34A). The nasals form all but the anteriormost ex-
tremity of the internarial bar. The nasals contact the frontals along a transverse inter-
digitating suture. The nasal-maxilla suture has a fine saw-tooth pattern, with projec-
tions on the nasal pointed anterolaterally.

The prefrontal has anterior, posterior and ventral rami. The subrectangular anterior
ramus is the longest, butting at its anterior extremity against a notch in the nasals along
a slightly elevated squamous suture. At mid-length along this ramus, there is a raised,
rugose V-shaped ridge, proximal to which is an arcuate groove. The central body of the
prefrontal is inset for attachment of an anterior palpebral (Fig. 35B). The tapered pos-
terior end of the subtriangular posterior process is inset into frontal along the orbital
rim, which is gently everted. Its dorsal surface is recessed before meeting the frontal
medially along a raised suture (Fig. 35B). The ventral ramus must have tapered strong-
ly in width, angling toward the midline, where the base of the “pillar” is preserved. It
expands anteroposteriorly to form a solid buttress to the palatine on the palate.

The central body of the lacrimal is subquadrate, from which extend a long anterior
and a short ventral ramus. Nearly all of this bone is oriented in a vertical plane. The orbital
margin is beveled, presenting a smooth surface in lateral view (Fig. 35B). The dorsal edge
of the anterior ramus is everted and rugose, joining the prefrontal along a ridge dorsal to
the antorbital fenestra. The lacrimal forms the C-shaped posterior margin of this fenestra,
contributing to its ventral margin and half of its dorsal margin. The lacrimal also forms
most of the antorbital fossa, which is located on the dorsal side of the fenestra (Fig. 35B).
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The frontal is fused to its opposite. The composite element is diamond-shaped in
dorsal view, with interdigitating nasal and parietal sutures anteriorly and posteriorly.
The fused interfrontal suture is raised into a low sagittal crest (Figs. 33B, 34B). The or-
bital margin is slightly everted (Figs. 33A, 34A). The frontal is excluded from entering

antfo

antfe

Figure 35. Skull of the crocodyliform Kaprosuchus saharicus gen. n. sp. n. Detailed views of the
external nares and orbital region (MNN IGU12). A Snout end in dorsal view. B Orbital, antorbital, and
coronoid regions of the skull in right lateral view. Scale bars equal 5 cm. Abbreviations: 4, angular; antfe,
antorbital fenestra; antfo, antorbital fossa; @pap, articular surface for the palpebral; asaf, anterior surangu-
lar foramen; 43, dentary tooth 3; en, external naris; j, jugal; /, lacrimal; 72, maxilla; 7, nasal; 7f, narial fossa;

pm, premaxilla; pmru, premaxillary rugosity; pob, postorbital bar (jugal portion); sz, surangular.
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the supratemporal fossa by the parietal and postorbital, the latter contacting the frontal
along an interdigitating suture.

The parietal is fused to its opposite forming a very narrow skull table between the
supratemporal fossae (Figs. 33B, 34B). That surface is rugose, depressed in the midline,
and raised into a sharp edge along the medial rim of the supratemporal fossa, closely
resembling the condition in Mahajangasuchus (Turner and Buckley 2008). The poste-
rior edge of the parietals overhangs the occiput forming a posterior cranial margin that
would have extended at least 1 cm beyond the occiput. The posterolateral portions of
the parietals extend even further posterodorsally to form the medial portion of the base
of the squamosal horn. That interdigitating parietal-squamosal suture passes anterola-
terally along the medial margin of the enlarged foramen within the fossa. The ventral
contact with the supraoccipital has a pneumatic recess, suggesting that the mastoid
antrum in the supraoccipital likely passed dorsally into the parietal.

The triradiate postorbital forms the posterior margin of the orbit, anterolateral mar-
gin of the supratemporal fenestra, and anterior margin of the laterotemporal fenestra.
The medial process is broad, its posterior one-third devoted to the smooth margin of
the supratemporal fossa. The subtriangular posterior process is deeply notched laterally
for the anterior process of the squamosal. The ventral process is inset and continuous
posteriorly within the auditory fossa.

The tetraradiate sguamosal has anterior, medial, posterior and posterodorsal rami,
although only the medial and posterodorsal rami are preserved. The medial ramus forms
most of the posterior margin of the supratemporal fenestra and surrounds the enlarged
pneumatized opening to the posttemporal canal. The novel posterodorsal ramus is an
elaboration of the posterior margin of the skull table (Fig. 32). It extends posterodorsally
from the skull table at least two centimeters posterior to the occiput and has a markedly
pitted and rugose surface. Broken along its distal edge, the process may have been longer
and/or continued in keratin. Even at its preserved length, it is particularly prominent in
anterior view of the skull (Fig. 36A). Other crocodylians have been reported with squa-
mosal horns, the most exaggerated occurring in “Crocodylus” robustus (Brochu 2006). In
this case and other crocodylids, the horn is an elaboration of the lateral edge of the squa-
mosal rather than the posterior margin, and there is no contribution from the parietal.

The jugal has anterior, dorsal and posterior rami and forms the slightly everted ven-
tral margin of the orbit. The anterior ramus is tongue-shaped and particularly broad,
whereas the posterior ramus is strap-shaped. Both are oriented so they are more broad-
ly exposed in dorsal than lateral views (Figs. 33A, B, 34A, B), as in Mahajangasuchus
(Turner and Buckley 2008). Furthermore, as in Mahajangasuchus, the anterior and
posterior rami are separated by a deep embayment, such that in lateral view the ventral
margin of the anterior ramus is angled posterodorsally whereas that of the posterior
ramus angles posteroventrally (Figs. 33A, 34A). Distinctive fossae are also present on
each ramus, facing laterally on the anterior ramus and ventrally on the posterior ramus,
again as in Mahajangasuchus (Turner and Buckley 2008).

The V-shaped quadratojugal forms a broad plate at the posterior corner of the
laterotemporal fenestra. The anterior ramus and the anterior one-half of the dorsal
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ramus are textured. The quadratojugal extends toward the lateral quadrate condyle,
wrapping onto its ventral side, but does not participate in the jaw articulation. The
quadratojugal-quadrate suture is visible near the jaw articulation but fuses as it passes
anterodorsally. The dorsal contacts of the quadratojugal are not preserved.

Palate. The premaxillary palate is exposed only near the alveolar margin, where there
are located two deep fossae, which accommodate the crowns of the first and second
dentary teeth. The first dentary tooth is larger than the second, and the fossa on the
premaxilla is correspondingly very large, its anterior margin extending between pm1
and pm?2 to reach the anterior margin of the premaxilla (Figs. 33C, 34C). A second
smaller fossa for the smaller d2 is located posterior to pm2. Although uncommon,
an enlarged anteriorly placed fossa on the premaxillary palate separating pm1 and
pm2 occurs in some extant crocodylians such as Osteolaemus (Iordansky 1983). Ma-
hajangasuchus has an enlarged d1 (Buckley and Brochu 1999) and apparently has a
premaxillary palate with a similarly positioned enlarged fossa (Turner and Buckley
2008). The palatal shelves of the maxillae contact along their length and form a broad,
U-shaped secondary palate that appears to curve ventrally from the premaxillary pal-
ate (Figs. 33C, 34C).

The palatine forms most of the broad posterior one-half of the secondary palate
(Figs. 33C, 34C). A slender process extends between the maxillae anteriorly. Posteriorly,
the palatine forms the straight, nearly transverse anterior margin of the choana. Later-
ally, the palatine expands but does not reach the narrow suborbital fenestra, separated
from that opening on both sides of the palate by a narrow contact between the maxilla
and pterygoid. This unusual condition is absent in Anatosuchus (Figs. 5C, 6C), Arar-
ipesuchus (Figs. 14C, 15C), Mahajangasuchus (Turner and Buckley 2008) and may be
unique among crocodyliforms. The suborbital fenestrae are shifted to the lateral edge
of the palate. Because the lateral margin formed by the maxilla and ectopterygoid ui
shifted dorsally, the fenestra opens laterally as much as ventrally and is nearly obscured
in ventral view (Figs. 33C, 34C). In this regard, Kaprosuchus is clearly derived and quite
distinct from the aforementioned crocodyliforms (Turner and Buckley 2008).

The prerygoid, fused to its opposite, has a broad palatal ramus that forms the re-
mainder of the border of the choana and extends laterally over the palatines to border
the suborbital fenestra. The lateral border of the choana is flat and lacks a discrete edge
(Figs. 33C, 34C). At the anterolateral corner of the choana, the pterygoid has a short
medial process that supports the palatine. The choanal septum is strut-shaped ante-
riorly and posteriorly but has an expanded ventral margin centrally. Lenticular fossae
are present on either side of a thin median septum. The posterior rim of the choana is
sturdy and rod-shaped without any processes. The choanal fossa is invaginated under
this rim. The pterygoids extend laterally and posteriorly, so the posterior margin of
the palate is deeply U-shaped, unlike the less embayed margin in Anatosuchus (Figs. 5,
6), Araripesuchus (Figs. 14C, 15C), and Mahajangasuchus (Turner and Buckley 2008)
but similar to the deeply embayed posterior margin of the palate in baurusuchids such
as Stratiotosuchus.
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The ectopterygoid twists into a vertical plane, anteriorly, forming the lateral edge
of the suborbital fenestra. Posteriorly, the ectopterygoid extends as the swollen lateral
margin of the pterygoid flanges.

The quadrate angles posteroventrally to the jaw articulation in lateral view (Figs.
33A, 34B). The condyles are broad and transversely oriented, the lateral condyle larger
and more convex. A subcircular fossa is present dorsal to the condyles. A foramen on
the medial edge of the fossa just dorsal to the medial condyle is identified as the open-
ing of the siphoneal foramen.

Braincase. The parasphenoid and posterior two thirds of the braincase are not pre-
served. The ventral portion of the basioccipital and basisphenoid are present, their ven-
tral surface inclined anteroventrally at approximately 45°. A low median crest is present
on the basioccipital, anterior to which is a large Eustachian foramen. The basisphenoid
has limited ventral exposure between the pterygoids and basioccipital, as in Anatosu-
chus and Araripesuchus. Two crests are present on the basisphenoid to either side of the

Eustachian opening (Figs. 33C, 34C).

Lower jaw. The jaws are shut with prominent crowns fitted snugly into notches in the
opposing jaw margin (Fig. 32). Separation of the jaws would have risked damage to the
teeth and alveolar margins. The skull was subjected to a computed-tomographic scan
to locate small dentary crowns covered from view by the maxilla, and then a cast of the
skull was cut apart with hidden teeth restored (Figs. 33A, 34A).

Unlike the sculpted bones of the cranium, most of the external surface of the lower
jaw is lightly textured. Only the symphyseal margin and posterior one-quarter of the
lower jaws are sculpted.

The dentary is dorsoventrally deep with a nearly vertical lateral surface marked by
shallow vertical undulations (Figs. 33A, 34A). Posteriorly, in the region of the coronoid
process, the depth of the dentary exceeds that of the dorsal skull roof, as in Mahajan-
gasuchus (Buckley and Brochu 1999; Turner and Buckley 2008). As in that genus, the
prominence of the coronoid process is accommodated by a marked embayment in the
jugal. Anteriorly, the symphysis is robust, deep, and angled posteroventrally at approxi-
mately 45°. In ventral view, the symphysis is U-shaped. An interdigitating interdentary
suture did not allow movement at the symphysis. The alveoli of the enlarged canini-
form third dentary tooth bulges laterally, as the dentary curves posteriorly. Ventrally,
the crypt for the root of this tooth bulges to each side of the symphysis.

Posteriorly, the dentary tapers in depth from the coronoid process. The dentary-
surangular suture is L-shaped. It descends vertically from the coronoid process, and then
continues horizontally toward the external mandibular fenestra. At the fenestra, the den-
tary is split into dorsal and ventral rami, which form most of the boundary of this opening
(Figs. 33A, 34A). Mahajangasuchus apparently does not have a comparable dentary proc-
ess ventral to the fenestra. In Anarosuchus and Araripesuchus a short process is present, but
it does not border the fenestra (Figs. 5, 6, 14, 15). In Kaprosuchus the dentary is a remark-
ably long element, extending posteriorly to a point nearly ventral to the quadrate cotylus.
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A thin medial process of the splenial meets its opposite on the posteroventral edge
of the symphysis. At the base of the process lies a large oval foramen between the sple-
nial and dentary. The remainder of the splenial contributes to the ventral margin of the
lower jaw and forms a thin vertical plate on the medial aspect of the dentary.

The surangular forms the posterior one-half of the coronoid process, from which
exits a large anterior surangular foramen. A pointed bone spur, presumably a promi-
nent tendon attachment, is located on the dorsomedial edge of both the left and right
surangular. The upper one-half of the surangular flares laterally near the glenoid, poste-
rior to which it tapers to the tip of the very long retroarticular process. The surangular
forms the lateral portion of the articular cup of the glenoid. There is no articular con-
tact between the surangular and quadratojugal (Figs. 33A, 34A).

The ventral margin of the angular ventral to the external mandibular fenestra is
deflected laterally. The angular forms the ventral margin of the external mandibular
fenestra and extends along the lateral aspect of the hypertrophied retroarticular proc-
ess. The articular forms the majority of the glenoid and the body of the nearly straight
retroarticular process. The articular is exposed along the medial aspect of the process
and faces dorsomedially, as in Anatosuchus and Araripesuchus. The prearticular sheathes
the ventral aspect of the retroarticular process.

Dentition. The dentition of Kaprosuchus is noteworthy for the hypertrophied canini-
form teeth in the premaxillae, maxillae and dentaries, which project above and below
the skull (Fig. 32). All exposed crowns are labiolingually compressed and have smooth
mesial and distal carinae. There are only three premaxillary teeth. Pm1 is the smallest,
its crown rotated laterally so that its lingual crown surface more directly opposes the
more laterally situated d1 (Fig. 36). As a result, the pm1 crowns appear to diverge in
anterior view of the premaxilla (Fig. 36A). The larger pm?2 is rotated in the opposite
direction, so that is lingual crown surface is canted posteromedially. The carinae on
both pm1 and pm2 are displaced lingually, giving these teeth an incisiform shape.
The caniniform pm3 is rotated so its lingual crown surface opposes the bend in the
mandibular ramus, and the axis of the crown is deflected posteroventrally (Fig. 36A,
B). A substantial gape is needed before the tips of opposing premaxillary and anterior
dentary caniniforms clear one another (Figs. 33A, 34A).

There are 10 maxillary teeth in the heterodont right maxillary tooth row, which is
completely exposed. The first maxillary tooth projects anteroventrally, canted toward
the large dentary caniniform. It is the most slender tooth in the maxillary series. The
larger second maxillary tooth projects ventrally and is separated from the third maxillary
tooth by a fossa for the fifth dentary tooth. The presence of this fossa, is the reason the
alveolar margin between m2 and m3 is deeply festooned (Figs. 33A, 34A, 36B). The
large caniniform m3, which is directed ventrally, is followed by m4, one of the smallest
teeth in the series. M4 and m5 straddle a large dentary caniniform, with m4 canted pos-
teroventrally toward that tooth. M6 is transitional in size to m7, the posterior smaller
maxillary caniniform, which is directed posteroventrally. M8—10 form a trailing series of
increasingly smaller teeth that are directed more strongly posteroventrally.
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There are probably 16 dentary teeth. D1-3, d5, and d8 are exposed, and the re-
maining smaller teeth were visualized in a computed-tomographic scan. The first and
second dentary teeth are incisiform only in that their carinae appear to be shifted more
strongly lingually. D1 is more than twice the size of d2. The fully erupted crown on the
right side has a basal diameter of approximately 1 cm and a length of approximately 3
cm, which is subequal to that of caniniform m7. D1, the crown of which is accommo-
dated by a large diameter and deep premaxillary fossa, is regarded here as a caniniform.

sgh

pmru

Figure 36. Snout of the crocodyliform Kaprosuchus sabharicus gen. n. sp. n. Detailed views of the snout
and dentition (MNN IGU12). A Premaxillary dentition in anterior view. B Upper and lower dentitions in
right lateral view. Scale bars equal 5 cm. Abbreviations: 4, dentary; d3, 8, dentary tooth 3, 8; 7, maxilla; m 1,
3, maxillary tooth 1, 3; pm1, 3, premaxillary tooth 1, 3; pmru, premaxillary rugosity; sgh, squamosal horn.
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Table I 1. Dimensions (mm) of crowns in the jaws of Kaprosuchus saharicus (MNN IGU12). Measure-
ments from the right side except for premaxillary crowns 2 and 3 and maxillary crowns 8—10. Parenthe-
ses indicate estimated measurement. Asterisks indicate caniniform crowns. Abbreviations: 4, dentary; m,
maxillary; pm, premaxillary.

Tooth ) Mesiodistal width
Crown height
Number

d1 (34.7) 14.4
d2 7.4 7.8
d3* 65.3 24.5
ds8* 41.3 19.2
pml 22.6 9.4
pm2 (44.1) 12.6
pm3* 58.8 20.0
ml 12.4 7.4
m2 23.1 10.6
m3* 51.5 19.7
m4 8.2 5.8
m5 13.4 8.0
mb6 16.3 9.3
m7 33.2 17.3
m8 14.4 8.4
m9 4.4 5.8
ml0 4.2 6.3

D3 is the largest dentary caniniform and is canted slightly anterodorsally. D8 is slightly
larger than caniniform d1 and is canted slightly posterodorsally.

Stomatosuchidae Stromer, 1925

Revised diagnosis. Mid- to large-sized (-4-8 m) metasuchians with elongate cranial
proportions (jaw length from the jaw articulation approximately five times maximum
width); U-shaped lower jaws with very gently bowed dentary rami in horizontal and
vertical planes; extremely slender dentary ramus (jaw length from the glenoid approxi-
mately 30 times depth of jaw at mid-length); dentary ramus with minimum depth at
tooth positions d5 and d6; coronoid process transversely broad with horizontal dorsal
surface (maximum width approximately 85% maximum height); external mandibular
fenestra very reduced or closed; splenial symphysis absent.

Phylogenetic definition. The most inclusive clade containing Stomatosuchus in-
ermis Stromer 1925 but not Notosuchus terrestris Woodward 1896, Simosuchus clarki
Buckley et al. 2000, Araripesuchus gomesii Price 1959, Baurusuchus pachecoi Price 1945,
Peirosaurus torminni Price 1955, Crocodylus niloticus (Laurenti 1768).
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Discussion. In 1925 Stromer described a most unusual crocodyliform from the
early Late Cretaceous (Cenomanian) Bahariya Formation of Egypt (Stromer 1925).
Stomatosuchus inermis has an elongate, flattened “duck-faced” cranium nearly two
meters in length, and U-shaped lower jaws that are extremely slender (Fig. 2). The
relatively smooth cranium has dorsally directed orbits situated posteriorly and about
30 relatively small, closely spaced teeth in the anterior one-half of the upper jaw (Fig.
2A, F). Only the alveoli are preserved, which are oval with the larger alveoli averaging
about 1.5 cm in maximum length (Stromer 1925). Posteriorly, the alveoli decrease in
size and merge to form a groove at mid-length along the upper jaw (Stromer 1925;
Nopcsa 1926).

The coronoid process of the lower jaw is low and transversely broad (Fig. 2C), and
the dentary ramus is straight in dorsal and lateral views (Fig. 2B, C), before the jaw
curves abruptly toward the symphysis (Stromer 1925). The symphysis is not preserved,
and so there is no evidence to justify later remarks that the symphysis was particularly
weak or “moveable” (Steel 1973). The external mandibular fenestra is apparently closed
(Fig. 2B, G). The retroarticular process is well developed, relatively short, and projects
posteriorly. In both medial and dorsal views, the process is subrectangular and does
not taper distally.

The holotype and only known specimen of Stomatosuchus was destroyed in World
War II, and no additional material of this taxon has ever been discovered. With only
the brief accounts by Stromer (Stromer 1925, 1936) and Nopcsa (1926), the taxon
has remained enigmatic. Stomatosuchus is closest in general form to Mourasuchus (=
Nettosuchus), a “nettosuchid” alligatoroid of Miocene age from Columbia (Langston
1965). Mourasuchus also has an extremely low, “duck-faced” cranium, dorsally facing
posteriorly positioned orbits, and extremely slender, U-shaped lower jaws. The lower
jaw, furthermore, resembles new stomatosuchid material described below in having
a dentary with a festooned alveolar margin and slightly enlarged first dentary tooth.
Recent phylogenetic work has confirmed the position of Mourasuchus as a close relative
of Purussaurus among alligatorids (Aguilera et al. 2000).

More detailed comparisons, however, show that Stomatosuchus and Mourasuchus are
not closely related and share only general features related to their extreme platyrostral
“duck-faced” condition (see Phylogenetic relationships). The lower jaws in Stomarosu-
chus are less strongly bowed transversely and dorsoventrally, the splenial nearly reaches
the symphysis rather than terminating near mid-length along the dentary ramus, the
coronoid process is very broad transversely rather than only moderately expanded, and
the external mandibular fenestra is closed or nearly closed (Fig. 2B, C) rather than
large. The posterior end of the lower jaw in Stomatosuchus has a rounded rather than
cupped glenoid (Fig. 2C), and the retroarticular process extends directly posteriorly
rather than curving dorsally as in Mourasuchus and extant crocodylians (Fig. 2B).

Discovery of new material related to Stomatosuchus provides a long-awaited oppor-
tunity to learn more about this enigmatic African taxon. The most informative speci-
men is a mandible from Cenomanian-age beds in a region called Iguidi in Niger (Figs.
1A, 37). These lower jaws were found a short distance from the skull of Kaprosuchus, a
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contemporary inhabitant of the waterways. A closely related species, known only from
anterior dentary fragments, is described from the Cenomanian-age Kem Kem Beds in
Morocco (Figs. 1A, B, 42).

Laganosuchus gen. n.
urn:lsid:zoobank.org:act:E23D26F4-42BB-4D63-9E75-FF1F8A4E73D3

Etymology. Laganon, pancake (Greek); souchos, crocodile (Greek). Named for the
shallow depth of its skull.

Type species. Laganosuchus thaumastos.

Diagnosis. Mid-sized (-4—6 m) stomatosuchid with spaced teeth and an undulat-
ing, or festooned, alveolar margin; spike-shaped crowns that lack recurvature; crowns
flattened buccolingually with sharp unornamented mesial and distal carinae; d1 en-
larged (subequal to d4 caniniform); postcaniniform teeth (d5-24) gradually decrease
in size; Meckel’s canal developed as a very narrow, sharply delimited groove on the
anterior one-half of the dentary.

Laganosuchus thaumastos sp. n.
urn:lsid:zoobank.org:act:BOB7ACB2-A32A-4190-810E-F93ADE61C245
Figs. 3741

Tables 12, 13

Etymology. 7haumastos, astonishing (Greek). Named for the remarkably slender depth
of its lower jaws and its straight spike-shaped teeth.

Holotype. MNN IGU13; nearly complete lower jaws missing only the left retro-
articular process (Fig. 37).

Type locality. Iguidi (west of In Abangharit), Agadez District, Niger Republic (N
17° 56, E 5° 38" (Fig. 1A).

Horizon. Echkar Formation, Tegama Series; Upper Cretaceous (Cenomanian), ca.
95 Mya (Taquet 1976). Found in association with the crocodyliform Kaprosuchus saha-
ricus, abelisaurid Rugops primus, spinosaurid Spinosaurus sp., carcharodontosaurid Car-
charodontosaurus iguidensis, an unnamed rebbachisaurid, and titanosaurian sauropods.

Diagnosis. Metasuchian characterized by alveoli for dentary teeth 1-10 with a de-
pressed labial rim that exposes the upper portion of the alveolus in labial view; slightly
procumbent d1 and d2 teeth; two pairs of twinned dentary teeth with conjoined alveolar
margins among postcaniniforms; and splenial anterior end split into a pair of short flanges.

Lower jaw. The lower jaws of Laganosuchus thauma and Stomatosuchus inermis are
remarkably slender and elongate and the symphysis extremely reduced compared to
any extant crocodylian (Fig. 37). The lower jaws of Laganosuchus measure 0.84 m in
length (Table 12) and probably pertain to a crocodyliform four-to-six meters in body
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Figure 37. Lower jaws of the crocodyliform Laganosuchus thaumastos gen. n. sp. n. Cast (UCRC
PVC9) of lower jaws (MNN IGU13). A Dorsal view. B Left lateral view (reversed). Scale bar equals 20
cm. Dashed line indicates missing bone. Abbreviations: adl, 4, 6, 7, 16-19, 24, alveolus for dentary tooth
1,4, 6,7, 16-19, 24; cp, coronoid process; 4, dentary; g/, glenoid; 7p, retroarticular process.

Table 12. Dimensions (mm) of the lower jaw of Laganosuchus thaumastos (MNN 1GU13). Measure-
ments of paired structures taken from right side. Parentheses indicate estimated measurement.

Structure Measurement Length

Maximum length 838.0

Dentigerous ramus length 490.0

Functional length (anterior end to midpoint of glenoid) 750.0

Transverse width at anterior end (across alveoli 4) (140.0)

Transverse width at mid-length (across alveoli 14) (200.0)

Transverse width at coronoid process (233.0)

Lower Jaw | Transverse width at posterior end of retroarticular process (240.0)
Coronoid process, transverse width 30.7

External mandibular fenestra, length (50.0)

External mandibular fenestra, height at midpoint 5.7
Retroarticular process, length 70.3
Retroarticular process, maximum transverse width 33.2
Retroarticular process, maximum depth 24.2

Sympbhysis, dorsoventral height (31.0)

Symphysis, maximum anteroposterior width 22.2

Ramus between alveolus 2 and 3, dorsoventral height 25.2

Dentary Ramus between alveolus 5 and 6, dorsoventral height 22.6
Ramus between alveolus 10 and 11, dorsoventral height 26.1

Ramus between alveolus 15 and 16, dorsoventral height 29.3

Ramus between alveolus 20 and 21, dorsoventral height 33.2

Ramus between alveolus 24, dorsoventral height 37.5

Splenial Anterior end, depth 15.7
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length. The jaws of Stomatosuchus are 250% that of Laganosuchus, or approximately
2.1 m long. This is comparable to the length of the strongly built, robustly joined
lower jaws in the largest individuals of Sarcosuchus (Sereno et al. 2001), the largest well
documented crocodylomorph.

In dorsal view the mandible in Laganosuchus is U-shaped (Fig. 37A). Each side is
gently bowed, with curvature toward the symphysis increasing at about the seventh
alveolus. In lateral view the ventral margin of the lower jaw is also gently curved as in
Stomatrosuchus (Fig. 37B).

The dentary is most slender in the region of alveolus five and six (Table 12). At
the symphysis, the dentary joins its opposite, an articulation that appears to have been
fused in the holotype. The broken ventral margin at the symphysis appears to have
been thickened dorsoventrally, forming a low chin (Fig. 38D). The internal (labial)

ad2

Figure 38. Lower jaws of the crocodyliform Laganosuchus thaumastos gen. n. sp. n. Cast (UCRC
PVC9) of the anterior portion of the left dentary and splenial (MNN IGU13). A Left lateral view. B Me-
dial view (reversed). € Dorsal view. D Ventral view. Scale bar equals 5 cm. Abbreviations: 2418, alveolus
for dentary tooth 1-8; asp, articular surface for the splenial; ¢, crest; 4, dentary; dpr, dorsal process; gr,
groove (for upper teeth); Mc, Meckel's canal; sp, splenial; vpr, ventral process.
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aspect of the dentary near the symphysis is convex with a discrete crest running along
the dorsal edge of the splenial (Fig. 38B).

At mid-length the dentary has an elliptical cross-section. The dorsal, festooned,
alveolar margin is transversely broader than the ventral margin. In medial view, a very
narrow neurovascular groove is exposed where the splenial has broken away (Fig. 38B).
In lateral view the dentary splits into two posterior rami below alveoli 22 and 23. The
dorsal ramus, which is the longer of the pair, twists onto the dorsal side of the coro-
noid process. There it extends posteriorly as a tongue-shaped process that overlaps the
surangular. This relation is unusual compared to extant crocodylians, as the surangular
typically extends anteriorly, overlapping the dentary and approaching the posterior-
most tooth. The subtriangular ventral ramus is short, the angular lapping it medially
and extending anteriorly between the dentary and splenial.

The splenial is a very thin sheet of bone that extends toward, but does not par-
ticipate in, the symphysis (Fig. 38B). The distal end of the splenial is bifurcated, with
Meckel’s canal terminating in the notch between the processes. In the anterior one-half
of the dentary, Meckel’s canal is developed as a narrow incised groove lapped medially
by the splenial (Fig. 38B). Externally, the symphyseal ramus of the dentary is marked
by two rows of neurovascular foramina, one extending near the ventral margin in lat-
eral view (Fig. 38A) and the other visible only in ventral view (Fig. 38D).

The posterior end of the lower jaw is characterized by a rugose, low, and trans-
versely broad coronoid process, below which is a strongly reduced, slit-shaped external
mandibular fenestra (Figs. 39, 40). In medial view, the remarkably small adductor fossa

sa emf

Figure 39.Lower jaws of the crocodyliform Laganosuchus thaumastos gen. n. sp. n. Posterior portion
of the lower jaws (MNN IGU13). A Left lateral view. B Right lateral view (reversed). Scale bars equal
5 cm. Abbreviations: 4, angular; ¢p, coronoid process; &, dentary; emf, external mandibular fenestra; g/,
glenoid; 7p, retroarticular process; s, surangular.
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is located immediately anterior to the glenoid. As seen on the left side (Fig. 40A), the
articular surface of the glenoid is saddle-shaped, convex along an anterolateral-postero-
medial axis and concave along an anteromedial-posterolateral axis (Fig. 40A). The right
side is concave with irregular edges and shows signs of bone pathology.

The retroarticular process, preserved only on the right side (Figs. 39B, 40B), has a
triangular cross-section with sides that are concave. Thin posterior rami of the angular
and prearticular completely overlap the articular on lateral and medial sides. The ar-
ticular forms all of the dorsomedial face of the process, which is canted at an angle of
approximately 45° (Fig. 40B).

Dentition. There are 24 alveoli in each dentary with some variation in the position of
two pairs of twinned alveoli. On both sides, the alveoli for tooth d6 and d7 are joined,

Figure 40. Lower jaws of the crocodyliform Laganosuchus thaumastos gen. n. sp. n. Cast (UCRC
PVQ) of the posterior portion of the lower jaws (MNN IGU13). A Left side in dorsal view. B Right side in
dorsal view. Dashed line indicates missing bone. Scale bar equals 5 cm. Abbreviations: 4, angular; ar, articular;
gl, glenoid; ¢p, coronoid process; pb, pathologic bone; 7p, retroarticular process; 7, rugosities; sa, surangular.
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Table 13. Dimensions (mm) of the 24 alveoli and replacing tooth (d11; crown height 14.3 mm) in the
right dentary of Laganosuchus thaumastos (MNN 1GU13). Parentheses indicate estimated measurement.

Alveolus or tooth Mesiodistal Buccolingual
Number length width
1 15.5 9.4
2 12.4 6.7
3 8.7 5.1
4 14.9 7.6
5 8.4 4.5
6 5.7 3.9
7 11.1 6.4
8 7.6 4.2
9 11.2 5.9
10 10.5 (5.9)
11 10.7 5.9
12 11.3 5.5
13 10.2 5.3
14 8.7 5.2
15 9.6 4.8
16 8.3 5.1
17 9.1 5.0
18 8.6 4.5
19 8.6 4.5
20 8.7 4.5
21 8.4 4.5
22 8.4 4.6
23 8.5 4.3
24 8.4 4.4

the former is the smaller of the pair (Fig. 37A). A similar twinning, although less com-
plete and involving alveoli of comparable size, occurs between alveoli of d16 and d17
on the left side and d17 and d18 on the right side.

The alveolus for d1 is the largest in the tooth row and slightly larger than d4, com-
monly enlarged as a caniniform among crocodyliforms, and d2 (Table 13). The alveoli
of d1 and d2 are canted labially and probably projected anterior to the rim of the op-
posing premaxilla. The alveolus for d3 is small (Fig. 38C). In lateral view, this alveolus
is flanked mesially and distally by canted troughs that accommodated crowns of the
opposing maxillary series (Fig. 38A). The dorsal margin between alveoli is developed
as a ridge that becomes rounded posterior to d7. Festooning of the alveolar margin
involves elevation of the rim of each alveolus with concave embayment of the lateral
aspect of the interalveolar margin. The resulting undulating alveolar margin doubtless
accommodated the interdigitation of opposing crowns.
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Figure 41. Tooth of the crocodyliform Laganosuchus thaumastos gen. n. sp. n. Medial view of the
replacement crown in the eleventh alveolus of the right dentary (MNN IGU13). Scale bar equals 5 mm.
Abbreviations: ca, carina; 4, dentary; sp, splenial.

Several broken crowns remain in place, their crown bases tightly fitted to their
respective alveoli. In cross-section, these crowns are oval with a large central lumen.
We exposed replacement teeth in several crypts (Fig. 41). The crowns are spike-
shaped in lateral view, lacking recurvature or any apparent asymmetry. They are oval
in cross-section at their base, above which they become transversely compressed with
sharp, unornamented mesial and distal carinae. There is no ornamentation of the
crown surface.

The spike-shaped crowns remove any doubt that Laganosuchus was an active preda-
tor (Fig. 41). Because the spaced, oval alveoli resemble in size and shape those de-
scribed in the anterior half of the maxilla of Stomatosuchus, it is possible that the latter
genus had maxillary crowns of similar form (Stromer 1925). The alveolar margin of the
dentary in Stomatosuchus was depicted as smooth, lacking large alveoli or a festooned
margin (Fig. 2B, C), although Stromer (1925) questioned its state of preservation.

Both genera would have fed on fish in a very different manner than extant croco-
dylians, given the mechanical limitations of such a slender, hoop-shaped mandible,
unexpanded cross- section at the symphysis, posteriorly positioned coronoid process,
and short span available between the coronoid process and supratemporal region for
the adductor musculature. Bite forces would have been limited. Stomatosuchids may
best be interpreted as sit-and-wait predators in shallow water, closing their interdigitat-
ing spike-shaped dentition on unsuspecting prey that wandered within the U-shaped
perimeter of their long jaws.
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Laganosuchus maghrebensis sp. n.

urn:lsid:zoobank.org:act: ESBCEEAD-DFEF-4EF6-AAG2-110EF91FCDOF
Fig. 42

Table 14

Etymology. Maghreb, western (Arabic); -ensis (Latin), from. Named for the area where
the holotype was discovered in the Kem Kem Beds of southeastern Morocco.
Holotype. UCRC PV2; anterior portion of the left dentary preserving four alveoli
and one replacement tooth in the anteriormost tooth position (Fig. 42).
Referred material. CMN 50838, anterior left dentary fragment preserving the
symphyseal end and alveoli 1-3.

A afo
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C P ad3 d4

Figure 42. Dentary fragment of the crocodyliform Laganosuchus maghrebensis gen. n. sp. n. Ante-
rior end of the left dentary (UCRC PV2). A Left lateral view. B Medial view (reversed). € Dorsal view. D
Ventral view. E Replacement tooth in first dentary alveolus in lingual view. Scale bar in A-D equals 3 cm;
scale bar in E equals 1 cm. Abbreviations: a1, 3, alveolus for dentary tooth 1, 3; afo, alveolar foramina;
asp, articular surface for the splenial; 41, 4, dentary tooth 1, 4; f, fluting; fo, foramen; Mc, Meckel’s canal;
rt, replacement tooth; sym, symphysis; tasp, tip of the articular surface for the splenial.
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Type locality. Er Rachidia District, Morocco (exact locality unknown). The re-
ferred specimen (CMN 50838) probably was found south of Erfoud (Fig. 1A, B).

Horizon. Kem Kem Beds, upper member; Upper Cretaceous (Cenomanian), ca.
95 Mya (Sereno et al. 19906).

Diagnosis. Metasuchian with a narrow, well defined groove on the ventral aspect
of the anterior dentary immediately lateral to the splenial that arcs to the posterior as-
pect of the symphysis; shallow, anteriorly tapering trough on the anterior dentary just
lateral to the more sharply defined groove.

Dentary. The anterior portion of the dentary is preserved in two specimens of Laga-
nosuchus maghrebensis. The very rugose dentary symphysis suggests that it may have
fused with maturity, and that its size, which is somewhat smaller than Laganosuchus
thaumastos, may not be significant.

The more complete specimen (Fig. 42A-D) shows a remarkable similarity to La-
ganosuchus thaumastos. Both have slender U-shaped lower jaws with the symphysis
restricted to the dentary, festooned alveoli with enlarged first and second teeth, and a
sharply incised Meckel’s canal developed as a narrow groove. The teeth are also spike-
shaped without recurvature or marginal ornamentation.

Several differences, however, establish L. maghrebensis as a distinct species. The
dentary is narrower near the symphysis (Fig. 42C), lacking the internal crest that thick-
ens the dentary in L. thaumastos (Fig. 38B). The anterior alveoli in L. maghrebensis are
not procumbent or exposed in lateral view as in L. thaumastos. Likewise, an articular
scar for the splenial in L. maghrebensis shows that its anterior end tapers to a narrow tip
along the ventral margin (Fig. 42B) in contrast to the bifurcated flanges in L. thaumas-

Table 14. Dimensions (mm) of the anterior end of the right dentary of Laganosuchus maghrebensis
(UCRC PV2).

Structure Measurement Length
Sympbhysis, dorsoventral height 25.5
Dent Symphysis, maximum anteroposterior width 14.6

entar

v Dentary ramus between alveolus 2 and 3, dorsoventral height 19.1
Dentary ramus between alveolus 2 and 3,transverse width 11.4
Alveolus 1 Maximum mesiodistal length 10.1
veors Maximum labiolingual width 6.4
Maximum mesiodistal length 7.3
Alveolus 2 Maximum labiolingual width 5.0
Maximum mesiodistal length 6.4
Alveolus 3 Maximum labiolingual width 4.0
Alveolus 4 Maximum mesiodistal length 11.9
VEOS Maximum labiolingual width 5.7
Replacement crown, height 12.2
Crown d1 Replacement crown, mesiodistal width of base 5.3
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tos (Fig. 38B). The incised groove representing Meckel’s canal is located on the ventral,
rather than lingual, aspect of the dentary (Fig. 42D).

Although crown size in the two species is very similar, the alveolus of the canini-
form tooth (d4) is slightly larger than comparable measurements for d1 (Table 14),
the reverse of the condition in Laganosuchus thaumastos (Table 13). L. maghrebensis,
in addition, shows low fluting on the lingual aspect of the crown of the first dentary
tooth (Fig. 42E). A comparable crown, however is not available at the anterior end of
the dentary series in L. thaumastos.

Discussion

Phylogenetic relationships

Phylogenetic analysis of 252 characters for 43 taxa of crocodyliforms (Fig. 43)
maintains a familiar structure to many cladistic analyses since that of Clark (1994).
We used maximum parsimony with the heuristic search option with fifty random
runs to avoid heuristic islands (Fig. 43; see also Appendix: Character list, Character-
state matrix, Apomorphy list). Using the protosuchian Orthosuchus stormbergi as an
outgroup, 4 minimum-length trees were recovered, each with a tree length of 986
steps, consistency index of 0.34, retention index of 0.64, and a rescaled consistency
index of 0.22.

The strict consensus yields a relatively well-resolved topology with Hsisosuchus and
Thalattosuchia as successive basal sister taxa to other crocodyliforms, as in several anal-
yses (Buckley and Brochu 1999; Buckley et al. 2000; Sereno et al. 2001, 2003; Turner
2006; Larsson and Sues 2007) (Fig. 43A). The position of Thalattosuchia, however, is
intimately tied to the weighting of “longirostrine” characters. Several analyses position
Thalattosuchia near longirostrine neosuchians outside Crocodylia (Price 1955; Ortega
et al. 2000; Pol 2005; Pol and Apesteguia 2005; Zaher et al. 2006; Fiorelli and Calvo
2008; Turner and Buckley 2008; Pol and Gasparini 2009). Here the basal position of
Thallattosuchia within Crocodyliformes is reasonably supported, with 12 extra steps
required to move Thalattosuchia outside Pholidosauridae.

In nearly all analyses including ours (Fig. 43), Metasuchia is split into Notosuchia,
a clade containing an increasingly diverse assemblage of predominantly small-bodied
taxa with differentiated dentitions, and Neosuchia, a clade with includes basal taxa
such as peirosaurids, pholidosaurids, and Crocodylia.

The monophyly of the genus Araripesuchus and its position within Metasuchia has
been controversial; the generic assignment of A. wegeneri has been questioned (Ortega
etal. 2000) and supported (Pol and Apesteguia 2005; Turner 2006; Turner and Buck-
ley 2008), and Araripesuchus has been placed at the base of either Notosuchia (Sereno
et al. 2001, 2003; Turner and Buckley 2008; Fiorelli and Calvo 2008) or Neosuchia
(Buckley and Brochu 1999; Buckley et al. 2000; Ortega et al. 2000; Pol 2005; Turner
2006; Pol and Gasparini 2009).
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Bootstrap analysis of 2000 replicates (Fig. 43B) underscores the weakness of char-
acter support for many of the nodes in the strict consensus tree, in particular at the base
of Metasuchia and within Notosuchia (Fig. 43A). Homoplasy is rampant (consistency
index = 0.34), missing data is a real limitation for many taxa, and character state order-
ing and character correlation have major effects on the preferred trees. Anatosuchus rat-
toides and Laganosuchus thaumastos, two very incompletely known taxa, were removed
from this analysis to shorten computational time.

Much of the character data that we have assembled from our own analyses and
from those in the literature, furthermore, must be reevaluated, because fundamental
questions have arisen recently over how morphological characters are best constructed,
scored and ordered (Sereno 2007). More than a dozen phylogenetic analyses have been
performed by different researchers in the last decade, with little or no tangible com-
parison of character selection or character scoring. Without this comparative analysis,
it is difficult to pin down the underlying causes for differing phylogenetic results (Ser-
eno 2009). In this light we set aside lengthy discussion of the merits of our particular
phylogenetic results (Fig. 43; Appendix: Apomorphy list) to concentrate on the more
particular ramifications of these results for the taxa described in this report.

Anatosuchus minor. In both trees Anatosuchus minor is placed within Notosuchia, and
several characters are consistent with this position (Fig. 43). Anatosuchus shares all the
characters with Notosuchia that are also present in Araripesuchus as discussed below.
One exception concerns the orientation of the distal quadrate shaft in lateral view
(character 155: see Appendix: Character list).

Anatosuchus was initially allied with Comahuesuchus on the basis of characters that
have turned out to represent artifacts preservation, such as a broad median diastema be-
tween the premaxillary tooth rows (Sereno et al. 2003). Anarosuchus (Figs. 5A, 6A) and
Simosuchus (Buckley et al. 2000), by contrast, have a unique condition among crocodyli-
forms, in which the distal quadrate shaft angles anteroventrally. Coding and scoring the
orientation and form of the distal shaft of the quadrate, however, are challenging tasks
with more than a single interpretation (characters 151-155: see Appendix: Character list).

Other synapomorphies supporting a close relationship between Anarosuchus and
the Madagascan genus Simosuchus include the broad, squared anterior end of the snout
(characters 3, 4; see Appendix: Character list). (Figs. 5A, B, 6A, B) . The snout is so broad
in both genera that the premaxilla-maxilla suture is exposed in anterior, rather than lat-
eral, view of the cranium. In addition, both taxa have transversely broad mandibular rami
sheathed by the splenial in ventral view (Figs. 5C, 6C, 9B) and tooth rows with more uni-
form crowns that lack a lower caniniform (character 182; see Appendix: Character list).

Although the bootstrap analysis breaks down some of the structure within Noto-
suchia (Fig. 43B), it takes 10 extra steps to position Anatosuchus and Simosuchus next
to the notosuchians Notosuchus and Baurusuchus.

Araripesuchus wegeneri. The well preserved material of Araripesuchus wegeneri dem-
onstrates its close relationship to other species of Araripesuchus, although the mono-
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Figure 43. Phylogeny of stem crocodyliforms. Maximum parsimony and bootstrap analysis of repre-
sentative stem crocodyliforms scored for 252 characters using the protosuchian Orthosuchus as an outgroup.
Taxon names in red highlight those species described here. The character list, character-state matrix, and
apomorphy list (for one of the minimum-length trees) are available in the Appendix. A Strict consensus
tree based on 4 minimum-length trees (TL = 986, consistency index = 0.34; retention index = 0.64) from
maximum-parsimony analysis using PAUP* (Swofford 1998) of all 42 ingroup crocodyliforms, which plac-
es Hsisosuchus and Thalattosuchia at the base of Crocodyliformes, recognizes a diverse Notosuchia including
Anatosuchus and Araripesuchus, and positions several taxa including Kaprosuchus and Laganosuchus within
Neosuchia. B 50%-majority-rule consensus tree based on 2000 bootstrap replicate parsimony analyses on
40 ingroup crocodyliforms (excluding for computational efficiency the poorly known taxa Araripesuchus
rattoides and Laganosuchus thaumastos). The bootstrap result recognizes less structure at the base of Metas-
uchia and within Notosuchia. Taxon names (circled numbers) are positioned on nodes and stems to reflect
their node- and stem-based phylogenetic definitions, respectively (Sereno 2005; Larsson and Sues 2007).
Abbreviations: 1, Mesoeucrocodylia; 2, Thalattosuchia; 3, Metasuchia; 4, Notosuchia; 5, Neosuchia; 6,
Sebecia; 7, Mahajangasuchidae; 8, Pholidosauridae; 9, Crocodylia.
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phyly of the genus remains at issue (Fig. 43A). None of the most parsimonious trees
unambiguously recovers a monophyletic Araripesuchus. Resolution of their relation-
ships to each other and other notosuchians, however, is hampered by the fragmentary
nature or subadult status of available material for species such as A. raztoides, A. par-
agonicus and A. buitreraensis and the realization that Uruguaysuchus (Rusconi 1933) is
closer to Araripesuchus in cranial and dental morphology than was previously realized.

As a result, only a few additional characters can split the genus despite the characters
we cited in support of a monophyletic Araripesuchus (e.g., premaxilla external surface
smooth with ornamentation limited to the distal end of the ascending ramus; two neu-
rovascular foramina posterior to the narial fossa; premaxillary tooth row straight; maxil-
lary postcaniniform alveolar margin dorsally arched; characters 82, 83, 97,106; see Ap-
pendix: Character list). In the present analysis, a frontal sagittal crest, the relative length
of particular processes of the jugal and quadratojugal, and the presence of quadratojugal
ornamentation unite A. buitreraensis and A. wegeneri with Uruguaysuchus and closest rela-
tives (Fig. 43A; characters 28, 38, 52, 53; Appendix: Character list), although that group
is unstable (Fig. 43B). A. wegeneri and A. buitreraensis share four synapomorphies includ-
ing a rounded anterior palatine ramus and deep posterior pterygoid process (characters
124, 130; see Appendix: Apomorphy list). These characters however, are not preserved in
several other Araripesuchus species. Finally, it should be noted that paraplyly of the genus
is not strongly supported either; the genus can be united with two additional steps.

Only more detailed character documentation at the base of Notosuchia will resolve
the relationships within and immediately outside the putative genus Araripesuchus. The
skull of Araripesuchus wegeneri has proven to be fertile ground for new characters, such
as the peculiar sinus that inflates the premaxilla (Fig. 17A, premaxillary lumen). The
dentition, likewise, exhibits unusual features with respect to crown shape, orientation,
ornamentation and the lingual deflection of some carinae. The postcranial skeleton,
moreover, could be a source of additional character data.

A few synapomorphies place the various species of Araripesuchus within Noto-
suchia (Fig. 43; see Appendix: Apomorphy list), their removal requiring six additional
steps. The most notable concern the jaw joint and osteoderms. Notosuchia and all
species of Araripesuchus share a ventrally oriented quadrate near the jaw joint in both
lateral and posterior views. The quadrate condyles so oriented are aligned transversely
and are orthogonal to the sagittal plane of the skull. The medial quadrate condyle is
flat and angles ventromedially below the lateral condyle, forming a medial brace to
the jaw joint, as is well seen in Anatosuchus (Fig. 8). In most other crocodyliforms, the
condyles are canted posteromedially in ventral view with less disparity between medial
and lateral condyles, as in Hamadasuchus (Larsson and Sues 2007). The orthogonal
orientation of the jaw joint may be associated with dental morphology of these croco-
dyliforms, which includes a variety of crown shapes for isognathous occlusion in both
dorsoventral (Figs. 20, 21) and propalinal directions (Lecuona and Pol 2008). The
distal quadrate of Notosuchia, including all species of Araripesuchus, is thick in cross-
section with distinct posterolateral and posteromedial surfaces, in contrast to the an-
teroposteriorly compressed quadrate shaft in other crocodyliforms.
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The paravertebral osteoderms in notosuchians including Araripesuchus and Ana-
tosuchus lack any development of an anteriorly projecting process that interlocks and
stabilizes the lateral margin of the paravertebral shield, as described in basal crocody-
lomorphs (Crush 1984; Wu and Chatterjee 1993; Clark et al. 2000), protosuchians
(Colbert and Mook 1951), Goniopholis (Salisbury et al. 1999), and pholidosaurids
(Sereno et al 2001). This process is also lacking in the basal crocodyliform Hsisosuchus
(Li et al. 1994), the basal neosuchian Mahajangasuchus (Buckley and Brochu 1999),
and eusuchians and their immediate outgroups (Gans 1980; Ross and Mayer 1984;
Salisbury et al. 2006). The process was likely lost several times in the evolution of
Crocodyliformes (character 248; Appendix: Character list).

Araripesuchus rattoides. With scores available for only 13 characters (approximately 1%)
on the limited material available for this species, it is surprising that it joins a cluster with
other species of Araripesuchus (Fig. 43A). Its position is not very stable, and the taxon
could not be included in the bootstrap analysis. It owes its alliance with the Uruguaysuchus-
Araripesuchus cluster to the trough-shaped surface on the mandibular symphysis (character
180) and a complex character describing the orientation of the dorsal edge of the dentary
(character 190; Appendix: Character list). Although several other aspects of the dentary
and only known bone of A. rattoides are similar to other species of Araripesuchus, we await
more material of this interesting taxon to test its relationships more effectively.

Kaprosuchus saharicus. Kaprosuchus saharicus is positioned with Mahajangasuchus
among neosuchians in an initial analysis (Fig. 43A), although an unambiguous rela-
tionship between these genera and Neosuchia is not resolved in the bootstrap consen-
sus tree (Fig. 43B). Several characters, nevertheless, support a special relationship with
the squat-skulled Mabhajangasuchus insignis from Madagascar, as described below, and
the position of Mahajangasauridae as neosuchians positioned just outside pholidosau-
rids and more derived neosuchians. It takes 6 and 12 extra steps, respectively, to place
Mahajangasauridae at the base of Sebecia or as sister taxon to Pierosauridae.

Charaters supporting Mahajangasauridae include obliteration of all but the poste-
rior portion of the internasal suture (Figs. 33B, 34B; M. insignis (Turner and Buckley
2008)). Nasal fusion is very rare in other crocodyliforms (e.g., Dyrosaurus). The pos-
torbital (Figs. 33A, 34A) has an unusual rugose, external articular fossa, presumably
for the posterior palpebral, that faces laterally in K. sabaricus and M. insignis (Figs.
33A, 34A). In other crocodylomorphs such as Anarosuchus (Fig. 7D) and Araripesuchus
(Fig. 16B), this articular facet faces anteriorly or dorsally. The external rim of the squa-
mosal is turned dorsally in a hornlike projection. In K. saharicus (Figs. 33A, 34A) this
projection is much better developed and involves the posterior edge of the squamosal
rather than the lateral edge, as in M. insignis (Turner and Buckley 2008) and a few later
crocodylians (Brochu 2006).

The ventral margin of the jugal is distinctive in both K. saharicus (Figs. 33A, 34A)
and M. insignis (Turner and Buckley 2008). The posterior ramus is angled strongly
posteroventrally, which positions the jaw joint below the posterior maxillary teeth.
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There is an arched apex where the posterior and anterior rami meet. A distinctive ru-
gose and elliptical fossa is present along the ventral margin below the orbit (Fig. 35B).

Several derived aspects of the posterior palate also link K. sabaricus and M. insignis.
The ectopterygoid descends vertically from its contact with the jugal and is inset only
slightly from the lateral margin of the jugal in K. saharicus (Figs. 33A, 34A) and M. in-
signis (Turner and Buckley 2008). In ventral view of the cranium, the posterior ramus
of the jugal is obscured by the ectopterygoid and pterygoid (Figs. 33C, 34C). In other
crocodyliforms, the ectopterygoid arches medially from its contact with the jugal, the
space accommodating the coronoid process of the lower jaw, as in Araripesuchus (Figs.
14A, C, 15A, C). Other shared features are located in the choanae. The choanal sep-
tum flares anteriorly to form an articular foot for the palatine (Figs. 33C, 34C). The
foot is more developed in M. insignis (Turner and Buckley 2008) than in K. sabaricus
(Figs. 33C, 34C). The ventral margin of the choanal septum is transversely expanded
to about 40% the length of the septum. Transverse expansion of the ventral edge of the
septum does occur elsewhere among crocodyliforms, such as in Araripesuchus gomesii
(Turner 2006), but not to the same degree. Lastly, the choanal passage is invaginated
into the posterior palate, hollowing a space dorsal to the posterior rim of the palate in
both K. saharicus (Figs. 33C, 34C) and M. insignis (Turner and Buckley 2008).

The mandible also supports a phylogenetic link between K. saharicus and M. insignis.
The symphysis in both is relatively deep and oriented along an anterodorsal axis. The
symphysis of K. saharicus is markedly longer than that of M. insignis, but the peculiar
symphysial orientation is shared. The surangular in each taxon projects laterally over the
external mandibular fenestra and adjacent to the articular cotyle for the lower jaw, form-
ing a robust lateral shelf. A similar dorsolateral mandibular shelf is present in Baurusuchus,
which may reflect similar biomechanical properties. The coronoid region of the mandible
is deep and angled in lateral view in K. saharicus and M. insignis. This angle is associated
with the steeply angled jugal and contributes to the extremely tall mandibles of these taxa.

Finally, the maxillary tooth row terminates anterior to the orbit in both K sabaricus
and M. insignis, both of which emphasize the anterior end of the dentition over the
posterior end.

Laganosuchus thaumastos. The nearly complete lower jaws of Laganosuchus thaumas-
tos (Fig. 37) provide a new perspective on Stomatosuchus inermis (Stromer 1925, 1936;
Nopcsa 1926) (Fig. 2). Laganosuchus and Stomatosuchus share a number of derived
features suggesting their close relationship, not least of which are the extremely elon-
gate cranial proportions, in which jaw length is approximately five times maximum
width. The very slender proportions of the lower jaw, which is 30 times its depth at
mid-length, are also diagnostic.

The lower jaws have nearly straight, parallel-sided rami and a narrow symphy-
sis, features which distinguish stomatosuchids from other slender-jawed, “duck-faced”
crocodylomorphs, such as the Miocene alligatoroid Mourasuchus (= Nettosuchus)
(Langston 1965, 1966; Bocquentin-Villanueva 1984). Although Langston noted that
the transverse bowing might be an artifact of preservation in Mourasuchus (as the max-
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illary tooth row suggests), the arc of its long axis in lateral view seems natural, a curve
that is not present in stomatosuchids [65]. The most slender depth of each dentary in
stomatosuchids occurs near the fifth and sixth tooth positions (Fig. 2B, 3B), whereas
in Mourasuchus the anterior end of the dentary is uniform in depth (Langston 1965).

In stomatosuchids the coronoid process is very low and transversely broad (maxi-
mum width approximately 85% maximum height), and the external mandibular fe-
nestra very small or closed. In Mowurasuchus the coronoid region is dorsally convex with
a transverse width about 50% of its maximum depth, and the external mandibular
fenestra is quite large (Langston 1965). Finally, the very thin splenial in Laganosuchus
extends toward, but does not quite contact, its opposite in the midline (Fig. 38B),
whereas in Mourasuchus and most extant crocodylians the splenial tapers to a point on
the lateral side of the skull at a significant distance from the symphysis (Jollie 1962;
Langston 1965; lordansky 1973).

The jaw articulation and retroarticular process look distinctly primitive in stoma-
tosuchids [Figs. 2B, C, 39B, 40B) compared to Mourasuchus (Langston 1965). Both
have a saddle-shaped (transversely convex, anteroposteriorly concave) glenoid, but in
Mourasuchus anterior and posterior rims bound the articular surface. In stomatosuch-
ids, likewise, the retroarticular process projects posteriorly, its dorsal surface ventral to
the glenoid. In Mowurasuchus, in contrast, the retroarticular process is the culmination
of the posterodorsally curving ventral margin of the angular, which elevates the retro-
articular process so that its surface is above the glenoid as in extant crocodylians (Jollie
1962; Langston 1965; lordansky 1973).

A single, poorly preserved vertebral centrum and neural arch were described by
Stromer (Price 1959), the centrum tentatively identified as pertaining to a middle
cervical vertebra and figured in anterior view (Fig. 2D). Stromer remarked that it ap-
peared to be procoelous as in eusuchians, although he admitted that his orientation of
the vertebra and possibly its association with the skull are uncertain. Perhaps on this
basis, Steel (1973) and Brochu (2001) tentatively placed Stomatosuchus within Eusuch-
ia. The vertebra, however, is unusual compared to the condition in Eusuchia or among
immediate eusuchian outgroups. As Stromer noted, there is no trace of a hypapophysis
ventrally, even though such a process is prominently developed in cervicals among
eusuchian outgroups such as Isisfordia (Salisbury et al. 2006), in which the posterior
centrum face is only slightly convex. Secondly, the body of the centrum is remarkably
short. The posterior convexity, according to Stromer, measures nearly 60% (3.3 cm) of
the length of the remainder of the centrum (5.7 cm), which is much greater than the
proportion between the convex centrum face and body in sisfordia (10%) (Salisbury
et al. 20006) or that common to extant crocodylians (40%) (Mook 1921). Given the
uncertainties surrounding the association of this centrum and its interpretation, we
regard the vertebral evidence in Stomatosuchus as problematical.

Evidence from the cranium is equally uncertain. The only information available for
the cranium is a single, unlabeled lithographic drawing in ventral view (Fig. 2A), a few
remarks that sometimes differ on the dorsal skull roof by Stromer (1925) and Nopcsa
(1926), and a reconstruction of the skull in lateral and dorsal views by Stromer (1936)
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that attempts to resolve these differences (Fig. 2E G). One important area of the cranium
is the posterior portion of the palate. The lack of preserved detail, the asymmetry of the
fossae in the available lithographic drawing, and the absence of a detailed description or
specific interpretation by those who saw it first-hand render its interpretation question-
able. We regard as unkown the form and position of the internal nares in Stomatosuchus.

The form of the lower jaw in several regards is different and primitive compared to
the functionally similar alligatoroid genus Mourasuchus. The anterior extension of the
splenial, poorly raised edges of the glenoid, and depressed position of the retroarticular
process do not resemble the condition in eusuchians. The eusuchian dentary, in addi-
tion, splits posteriorly to form both dorsal and ventral margins of the external man-
dibular fenestra, a condition present in Kaprosuchus (Figs. 33A, 34A). In Laganosuchus,
in contrast, the bone is not split posteriorly and contributes only to the dorsal margin
of the external mandibular fenestra. Notosuchians, such as Anarosuchus (Figs. 5A, 6A),
often show an intermediate condition, in which the posterior dentary is forked but the
ventral process is much smaller and does not contribute to the ventral margin of the
mandibular fenestra (Ortega et al. 2000; Buckley et al. 2000; Turner 20006).

With scores available for only 34 characters (approximately 13%) based on the limit-
ed material available for this species, Laganosuchus is positioned outside a clade consisting
of Eusuchia and closest outgroups (Fig. 43A), although only two additional steps are re-
quired to position Laganosuchus in many other positions on the cladogram. The absence
of the splenial from the mandibular symphysis (character 188), the short, straight ret-
roarticular process (character 208), and a few others unite Eusuchia and closest relatives
to the exclusion of Laganosuchus, providing some support for our tentative conclusion
that stomatosuchids do not lie within Crocodylia (Fig. 43A). We were forced to remove
Laganosuchus from the bootstrap analysis due to computational limitations (Fig. 43B).

Endocranial volume

We used computed-tomographic scans of skulls of Anatosuchus minor MNN GAD17),
Araripesuchus wegeneri (MNN GAD19) and extant Alligator mississippiensis to generate
prototypes (Figs. 10, 11, 22) and to calculate endocranial volume. The endocasts for
A. minor and A. wegeneri are the first available for the more terrestrial, erect-limbed
notosuchians. The endocasts are quite similar in shape and volume, although the ven-
tral surface is rendered in more detail in the endocast for A. wegeneri. Total endocra-
nial volume in A. wegeneri is estimated at 2218 mm?®. A. minor probably had a very
similar total endocranial volume; we calculate an absolute minimum estimate of 1964
mm? based on dorsal and lateral surfaces of the endocast. Thus, endocranial volume is
around 2000 mm? in these similar-sized, small-bodied crocodyliforms. The forebrain
in A. minor and A. wegeneri probably filled the endocranial cavity, given the details
discernable on the endocast such as the median sinus and optic lobes (Figs. 10, 22).
We estimated cerebral hemisphere volume from paired ellipsoids filling the cer-
ebral endocranial space (Larsson et al. 2000; Larsson 2001). We made additional ap-
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proximations of cerebral hemisphere volume, because the floor of the cerebral space
may have been artificially lifted somewhat in A. wegeneri and is poorly resolved in the
scan of A. minor. For example, we swapped the transverse radius of each ellipsoid for
the dorsoventral radius, which are similar in extant crocodylians. These estimates have
yielded a range of cerebral volumes for each species (Fig. 44B). As measured directly
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Figure 44. Bivariate plots of brain volume in Anatosuchus minor and Araripesuchus wegeneri com-
pared to that in nonavian reptiles. A Brain volume as a function of skull length in Anatosuchus minor, Arar-
ipesuchus wegeneri and extant alligatorids (Gans 1980). B Cerebral volume as a function of total endocranial
volume in Anatosuchus minor, Araripesuchus wegeneri and extant nonavian reptiles (Platel 1976; Gans 1980).
Blue squares are estimates from extant alligatoroids (top) and extant nonavian reptiles (bottom); red triangles
are independent estimates (see text) based on the endocast of Anatosuchus minor (MNN GAD17); yellow tri-
angles are independent estimates (see text) based on the endocast of Araripesuchus wegeneri MNN GAD19).
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from the endocast, cerebral hemisphere volume in A. wegeneri is approximately 630 m?
(mean of range of 528-732 mm?’) and in A. minor is at least 561 mm? (mean of range
of 528-593 mm?). When swapping the transverse for the dorsal radius, the volumes
increase slightly in A. wegeneri to 966 m? (mean of range of 875-1056 mm?®) and in A.
minor to at least 801 mm?® (mean of range of 747-854 mm?). In sum, cerebral volume
is around 750 mm?® in these similar-sized, small-bodied crocodyliforms.

Endocranial volume as a function of skull length, when corrected for size, is not
significantly different from that in modern crocodylians with comparable skull shapes
(alligatorids) (Fig. 44A). Likewise, cerebral hemisphere volume as a function of the
volume of the remaining endocranial space, corrected for size, is not significantly dif-
ferent from that in extant reptiles (Fig. 44B). Thus despite their broad, spade-shaped
forebrains in dorsal view, the two small-bodied crocodyliforms, A. minor and A. we-
generi, exhibit absolute and proportional endocranial volumes that match those in
extant crocodylians and other nonavian reptiles (Hopson 1979). Their forebrain shape
in dorsal view resembles that of a juvenile Caiman with a skull length of 3 cm (Hopson
1979). The endocranial and forebrain volumes in these two notosuchians do not dif-
fer from the ranges observed in extant crocodylians, despite their upright posture and,
quite possibly, more active lifestyle in terrestrial environments.

Trophic inferences

We attempt here to draw some tentative inferences regarding diet from the cranial
and dental information now available for Anatosuchus, Araripesuchus, Kaprosuchus and
Laganosuchus.

Anatosuchus. Anatosuchus has one of the most specialized snouts among crocodylo-
morphs. The smooth narial fossa and adjacent smooth surface on the premaxilla sug-
gests that it had a fleshy external naris that opened dorsally (Figs. 7A, B, 45A). On
either side a series of large neurovascular foramina opens along a smooth and presum-
ably fleshy anterior snout margin. The premaxillary teeth have increased in number to
six probably in relation to the increased breadth of the snout.

The subcylindrical, lingually curved, smooth upper and lower crowns do not en-
gage one another. Rather the U-shaped lower jaw fits in a gap within the upper jaw
(Figs. 5, 6). In contrast to the contemporaneous Araripesuchus wegeneri, little apical
wear and no wear facets are evident on the pointed crowns. At the center of the lower
jaw is an edentulous, subrectangular bony projection that articulates against the pre-
maxillary palate behind the mesial three premaxillary teeth (Fig. 45). The largest teeth
are located at the corner of both upper and lower jaws, although unlike many noto-
suchians no discordantly enlarged caniniform teeth are present. The ventral margin of
the dentary projects laterally and is highly vascularized.

We have depicted Anatosuchus as an upright notosuchian (Fig. 45) based on the
straight-shafted bones of the forelimb, which has folded like an accordion alongside
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the trunk in the most complete specimen (Fig. 12). Anatosuchus has a carnivorous
dentition with hook-shaped crowns suitable for snaring frogs or small fish, a median
mandibular process for crushing, and a snout end rife with elaborated olfactory and
neurovascular structures. Armed with a particularly large manus and elongate flat-
tipped manual unguals (Fig. 13B), Anatosuchus may have scratch-dug for soft inverte-
brates or sought amphibians or small fish in shallow or vegetated water.

Araripesuchus. Araripesuchus has been described as “terrestrial” (Hecht 1991) and de-
picted eating insects (Turner 2006: fig. 99). According to Turner, the jaw joint in A.
tsangatsangana would not allow the propalinal movement described as probable in
Notosuchus and possibly other closely related notosuchians (Lecuona and Pol 2008).
Little else has been posited regarding the potential jaw mechanics or diet of the speci-
ose genus Araripesuchus.

All species of Araripesuchus had an upright posture, judging from the straight-
shafted long bones (Fig. 25), angle and depth of the calcaneal heel, and the elongate
proportions of the proximal carpals and metapodials (Figs. 25B, 26). A. tsangatsangana
appears to have the most slender, elongate limbs, although an associated skeleton is not
available. Based on the material available to us, A. wegeneri grew as in extant croco-
dylians, starting as an agile longer-legged juvenile and becoming a proportionately
shorter limbed adult (Fig. 46).

Diet doubtless shifted in the course of post-hatching growth as in extant croco-
dylians (Tucker et al. 1996). As an adult A. wegeneri does not appear to have been a
pure carnivore, as not one of the crowns is laterally compressed or recurved and none
has serrate carinae. Upper and lower crowns, furthermore, do not interdigitate as is
common among piscivores (Savitzky 1983). One premaxillary crown (pm4) owes its
apparent recurvature to an elongate wear facet that has trimmed the posterior carina
(Fig. 19A). A fresh premaxillary crown in the same position shows the convex distal
margin of a leaf-shaped crown (Fig. 20B).

Premaxillary and maxillary crowns in an adult skull of A. wegeneri show heavy
apical wear that has blunted crown tips and truncated carinae (Fig. 19), obliterating
the short apical ridge and inclined denticles that are present on the crowns of a sub-
adult skull (Fig. 21A). This appears to be abrasive wear that has rounded and polished
the crown apices. One maxillary crown in the middle of the tooth row, however, has
a low-angle wear facet that truncates the lingual crown surface (Fig. 19C). This less
polished, nearly flat wear facet must have been generated by tooth-to-tooth occlusion.
The crowns in opposing tooth rows do not interdigitate for prey capture, but rather
alternate in size, with an enlarged crown opposing an arched series of smaller crowns
(Fig. 20). All of the dentary teeth and mid- and posterior maxillary teeth are denticu-
late, and both upper and lower crown surfaces are textured with low, rounded ridges
or vertical wrinkles. A carnivore, particularly an insectivore, is more likely to maintain
pointed smooth crowns for puncture or penetration.

Several outstanding features are manifest in the central portion of the dentition in
A. wegeneri. The largest dentary crowns have a mesial carina that curls medially (Fig.
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Figure 45. Flesh reconstruction of the crocodyliform Anatosuchus minor.

20C). These crowns and the smaller maxillary crowns show an en echelon orienta-
tion in which mesial crowns edges are canted lingually (Fig. 21), as in ornithischian
and basal sauropodomorph dinosaurs (Crompton and Attridge 1986; Sereno 1997).
The alveolar margin on the maxilla and dentary lateral to these teeth is smooth and
bounded by a row of neurovascular foramina (Figs. 16A, 18A).

A. ratroides seems to have had a similar dentition except for procumbent lower in-
cisors, which at present we know only from their alveoli. These enlarged anteriormost
teeth are butted next to one another in the midline. The opposing premaxillary insi-
cors may also have been procumbent or shortened, or there may have been a median
diastema between the premaxillary tooth rows (Figs. 30C, 45B).

The two species of Araripesuchus described in this report may well have been her-
bivores or, at least, omnivores, given the evidence summarized regarding crown orien-
tation, form, ornamentation and wear and the presence of smooth buccal margins on
the maxilla and dentary. The diversity of species within this genus has been perplexing
but may be related in some way to their dietary specialization.

Kaprosuchus. Kaprosuchus has sharp-edged hypertrophied, relatively straight canini-
form teeth set in matching pairs along the sturdy, powerfully muscled jaws. The long
retroarticular process suggests rapid opening of the substantial gape required for the
opposing caniniforms to clear one another (Figs. 33A, 34A). The size differential with-
in the dentition is very atypical for a crocodyliforms, most of which have fluted, sub-
conical, recurved crowns for aquatic predation.

The fused nasals suggest that the anterior snout margin was reinforced for com-
pression generated by a powerful bite (Fig. 36). Dorsally opening external nares can
be interpreted as an aquatic adaptation for sequestering the head during predation. In
Kaprosuchus, however, the upturned, telescoped external nares appear to be removed
from the anterior margin of the snout as protection against impact with prey. The an-
terior snout margin is thickened and covered with unusual rugosities, which may have
served as a platform for a protective keratin sheath (Fig. 35).



Cretaceous Crocodyliforms from the Sahara 99

Figure 46. Flesh reconstruction of three growth stages in the crocodyliform Araripesuchus wegeneri.
Flesh reconstruction shows upright limb posture and an osteoderm-sheathed tail with convergent proximal
keels and median distal paddle. The pose depicted is the forelimb support phase of a symmetrical bounding
gallop, the gait pattern observed in Crocodylus johnstoni and juveniles of other species within the genus. The
flesh reconstructions are based on specimens, in which we measured (or estimated) “trunk length” (= length
of the dorsosacral column), “forelimb length” (= sum of humerus, radius, radiale, and metacarpal 3 lengths),
and “hind limb length” (= sum of femur, tibia, and metatarsal 3 lengths). A Juvenile (-48 cm or 60%
adult length) with proportions based on a juvenile specimen of Araripesuchus gomesii (AMNH 45550; Hecht
1991), in which forelimb and hind limb length comprise 68% and 98%, respectively, of trunk length. B Sub-
adult (66 cm or 80% adult length) with proportions based on a subadult specimen of Araripesuchus wegeneri
(MNN GAD20) (Fig. 23). € Adult (-81 cm) with proportions based on an adult skeleton (MNN GAD21)
(Fig. 23), in which forelimb and hind limb length comprise 50% and 75%, respectively, of trunk length.

The squamosal horns are particularly prominent in anterior view of the skull,
which differs from the few crocodyliforms that have raised or swollen the lateral edge
of the squamosal (Brochu 2006). The central axis of the orbit, in addition, is directed
laterally more than vertically, opposite to that in extant subaquatic crocodylians (Fig.
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36A). The orbits thus do not appear to be designed for sequestering the head during
aquatic predation. These features together suggest that adult Kaprosuchus was prima-
rily, or possibly exclusively, a terrestrial rather than an aquatic predator. At present we
have no remains of the postcranium.

Laganosuchus. Laganosuchus has begun to lift the veil on its larger cousin Stomato-
suchus, an enormous flat-skulled crocodyliform for which the only known skull was
destroyed during World War II (Nothdurft et al. 2002). The presence of some kind of
gular sac below the lower jaw in Stomatosuchus remains speculative (Fig. 2G) (Stromer
1925, 1936; Nopcsa 1926). Both genera have extremely slender, long U-shaped lower
jaws with a very low, posteriorly positioned coronoid process and short retroarticular
processes. The jaws could not have been adducted or abducted with great force. Laga-
nosuchus has straight, spike-shaped teeth, the largest of which are slightly procumbent
and located at the anterior end of the jaws. At present we have no reliably associated
remains of the postcranium. We tentatively infer that stomatosuchids were aquatic
low-lying, sit-and-wait predators.

Conclusions

Based on the new fossil material from Morocco and Niger, we draw the following
conclusions:

(1) All described taxa in this report fall within Metasuchia. Anatosuchus and Arar-
ipesuchus are positioned within Notosuchia and Kaprosuchus and Laganosuchus within
Neosuchia. Laganosuchus, which is clearly related to the enigmatic crocodyliform Sto-
matosuchus inermis, lies outside Eusuchia.

(2) Two of the Saharan crocodyliforms, Anatosuchus and Kaprosuchus, suggest a
novel paleobiogeographic link between continental Africa and Madagascar. Substan-
tial character evidence links them, respectively, with Simosuchus and Mahajangasuchus
from Madagascar.

(3) Endocranial volume (total, forebrain) in Anatosuchus minor and Araripesuchus
wegeneri is allometrically consistent with that in extant crocodylians. The notosuchian
forebrain is dorsoventrally flattened and spade-shaped, most closely resembling that in
hatchling crocodylians.

(4) Based on crown form, orientation, occlusion and wear, adult Anatosuchus, Ka-
prosuchus and Laganosuchus are interpreted as carnivores with diets centered, respective-
ly, on small vertebrates/soft invertebrates, large terrestrial vertebrates such as dinosaurs,
and aquatic vertebrates. Araripesuchus wegeneri and Araripesuchus rattoides are interpret-
ed as potential herbivores with denticulate leaf-shaped-to-subcircular crowns that show
marked tooth wear with age and procumbent incisors for digging, respectively.

(5) African crocodyliforms of mid- and early Late Cretaceous age appear to be as
diverse in locomotor and trophic specializations as comparable-aged crocodyliforms
on South America.
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Appendix

Character list

Characters and character states are listed for the 252 characters used in the phyloge-
netic analysis (Figure 43). The majority of the characters are taken or adapted from a
series of previous publications with original authors cited accordingly (see References
below). Five characters are introduced here and highlighted in red as “new characters”
(characters 46, 83, 132, 178, 182). Forty-one characters are ordered, because the suc-
cessive states logically include preceding states (characters 5, 8, 18, 21, 32, 33, 36, 44,
48, 49, 51, 52, 67, 69, 79, 80, 87, 89, 106, 121, 126, 127, 131, 132, 134, 135, 142,
147, 158, 160, 169, 185, 210, 216, 220, 223, 230, 246, 248, 251, 252).

1.

External surface of dorsal cranial bones (adapted from Clark [1994: character 1])
0 relatively smooth

1 slightly grooved

2 heavily ornamented with deep pits and grooves

Snout lateral expansion at orbits (adapted from Clark [1994: character 2])

0 gradual

1 abrupt

Snout length (anterior margin of orbits to rostrum) relative to remainder of skull
(modified from Wu et al. [1997: character 4])

0 equal or longer

1 shorter

Snout cross-section dimensions (adapted from Clark [1994: character 3])

0 higher than wide

1 equally high as wide

2 wider than high

Antorbital fenestra size relative to orbit (modified by Larsson and Sues [2007:
character 72] from Clark [1994: character 67])

0 about half

1 smaller than half but present

2 only an external fossa (may have a tiny fenestra)

3 absent

Shape of antorbital fossa (Gasparini et al. [2006: character 246])

0 subcircular or subtriangular

1 elongated, low, and oriented obliquely

Anteroposterior length of supratemporal fenestrae (modified by Larsson and Sues
[2007: character 21] from Clark [1994: character 68])

0 equal to or shorter than orbits

1 much longer than obits

Nasal extension dorsally into external nares (modified from Clark [1994: charac-
ter 13] by Larsson [2000])
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
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0 absent by maxilla — maxilla contact

1 absent by premaxilla — premaxilla contact

2 none but contacts external nares

3 present and less than 50 percent

4 present and 50 percent or more but not completely

Dorsal surface of rostrum (adapted from Brochu [1997: character 101])
0 curves smoothly

1 bears medial boss

Nasal-nasal suture (Gasparini et al. [2006: character 257])

0 unfused

1 partially or completely fused

Nasal, posterior tip (Ortega et al. [2000: character 24])

0 converge at sagittal plane

1 separated by an anterior sagittal projection of frontals

Posterolateral region of nasals (Pol and Apesteguia [2005: character 223])
0 flat surface facing dorsally

1 lateral region deflected ventrally, forming part of the lateral surface of the snout
Immediate preorbital region cross section (Larsson [2000])

0 squared

1 gently curved

Prefrontal and lacrimal orbital margin (Larsson [2000])

0 flac

1 dorsally upturned to telescope orbit

Prefrontals anterior to orbits (modified from Gomani [1997: character 4])
0 elongated, parasagittal orientation

1 short, broad, and oriented anterolaterally

Orbital margin of prefrontal (Larsson [2000: character 6])

0 confluent with orbit

1 projects laterally

Prefrontal and lacrimal border to orbit (Gasparini et al. [2006: character 256])
0 flat, confluent to snout surface

1 invaginated, forming elevated rims

Depression on prefrontal for a palpebral element (Larsson [2000])

0 absent

1 thin groove

2 deep groove terminating anteriorly in a deep fossa

Transverse external prefrontal-frontal ridge (Larsson [2000])

0 absent

1 present and complete over prefrontals and frontals

Prefrontal descending process (modified from Clark [1994: character 15])
0 no palatine contact

1 cylindrical or thin anteroposterior suture with palatine

2 transversely broad suture with palatine
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22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
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Lacrimal-nasal contact (modified from Clark [1994: character 11]; Brochu
[1997: character 93])

0 broad

1 partially separated by posterior process of maxilla

2 absent (maxilla separates lacrimal and nasal)

External lacrimal shape (modified from Brochu [1997: character 106])

0 longer than broad

1 nearly as broad as long

Total lacrimal length relative to total prefrontal (adapted from Norell [1988:
character 7]; Brochu [1997: character 117])

0 longer

1 subequal

2 shorter

Anterior ramus of frontals relative to anterior ramus of prefrontals (Larsson
[2000])

0 posterior

1 anterior

Ventral half of lacrimal (Zaher et al. [2006: character 193])

0 extends posteroventrally to widely contact jugal

1 tapering posteroventrally to not or only slightly contact jugal

Frontal — frontal contact (adapted from Clark [1994: character 21])

0 paired

1 fused

Width of frontals between orbits relative to mid-length width across nasals (mod-
ified from Clark [1994: character 20])

0 narrow (similar to width of nasals)

1 broad (about twice the width of nasals)

Dorsal surface of frontal and parietal (Clark [1994: character 22])

0 flac

1 with sagittal ridge

Frontal orbital margin (Larsson [2000])

0 flac

1 dorsally upturned

Frontoparietal suture entry into supratemporal fenestra (modified from Clark
[1994: character 23]; Brochu [1997: character 81])

0 deep, preventing broad postorbital (or postfrontal) — parietal contact

1 no entry, broad postorbital (or postfrontal) — parietal contact

Palpebrals (modified from Clark [1994: character 65])

0 absent

1 one small present

2 one or multiple present and largely covering the dorsal surface of the orbit
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Paul C. Sereno & Hans C.E. Larsson | ZooKeys 28: 1-143 (2009)

Dermal bone overhang about the supratemporal fenestra (Larsson [2000])

0 absent

1 present only medially

2 present about all but the anteromedial corner (fossa)

Medial borders of supratemporal fenestrae (Larsson [2000])

0 separated by a broad sculptured region

1 separated by a thin sculpted region

2 contact to form a low sagittal crest

Medial dorsal edges of supratemporal fenestrae (Larsson [2000])

0 flac

1 raised

Posterior extent of orbital edge of jugal (Larsson [2000] (in part adapted from
Brochu [1997: character 139])

0 confluent with postorbital bar

1 displaced laterally and ends anterior to postorbital bar (forming posteroventral
notch in orbit)

2 displaced laterally and ends at or just behind postorbital bar

3 displaced laterally and ends near posterior corner of infratemporal fenestra
Width of anterior process of jugal relative to posterior process (adapted from
Clark [1994: character 17])

0 subequal

1 about twice as broad

Dorsal surface of jugal beneath infratemporal fenestra (modified from Clark
[1994: character 18])

0 ovate cross-section

1 longitudinal crest

Anterior process of jugal relative to infratemporal fenestra anteroposterior length
(Larsson [2000])

0 subequal

1 much longer

Anterior margins of lacrimal and jugal (Larsson [2000])

0 confluent with no notch at anterior contact

1 jugal edge convex producing an anterior notch at contact

Jugal participation in margin of antorbital fossa (Wu and Sues [1996: charac-
ter 14])

0 present

1 absent

Lateral surface of anterior process of jugal (modified by Turner and Buckley
[2008: character 121] from Pol [1999: character 133] and Ortega et al. [2000:
character 145])

0 flat or convex

1 broad shelf below orbit with triangular depression beneath
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43.

44.

45.

406.

47.

48.

49.

50.
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Jugal postorbital process base projection (modified by Turner and Buckley [2008:
character 142] from Pol [1999: character 156])

0 posterodorsal

1 dorsal

2 anterodorsal

Jugal anterior margin relative to orbit (Pol [1999: character 134])

0 not anterior to

1 anterior to

Jugal ventral margin (new combination from Pol et al. [2004: character 179] and
Turner and Buckley [2008: character 286])

0 relatively straight

1 gentle concave arch

2 steep concave peak at level of postorbital bar

Large foramen on the lateral surface of jugal, near its anterior margin (Zaher et
al. (11: character 194])

0 absent

1 present

Lateral surface of jugal-ectopterygoid contact (new character)

0 inset from lateral jugal margin

1 confluent with lateral jugal margin forming a depression

Jugal posterior process exceeds posteriorly the infratemporal fenestra (Pol [1999:
character 150])

0 yes

1 no

Quadratojugal — postorbital contact (modified by Larsson and Sues [3] from Bus-
calioni et al. [1992: character 6]; Clark [1994: characters 14 and 19]; Brochu
[1997: character 80])

0 absent

1 narrows dorsally and contacts a small region of the postorbital

2 broadens dorsally to contact most of the postorbital bar to diminish the in-
fratemporal fenestra

Spina quadratojugalis (modified from Norell [1989: character 1]; Brochu [1997:
character 69])

0 absent

1 small or low crest

2 prominent

Elements at posterior angle of infratemporal fenestra (adapted from Norell [1989:
character 10]; Brochu [1997: character 75])

0 quadratojugal

1 quadratojugal and jugal

2 jugal
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56.

57.

58.

59.

60.
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Quadratojugal posteroventral extension (combined from Larsson and Sues [2007:
character 30] and Pol [1999: character 155])

0 does not reach quadrate condyles

1 reaches but does not participate in quadrate condyles

2 forms lateral extension to the quadrate condyles and participates in mandibular joint
Length of anterior process of quadratojugal (adapted from Brochu [1997: char-
acter 83])

0 short or absent

1 long (less than half length of lower temporal bar) -- moderate [1/3 of lower
temporal bar)

2 long (greater than half of lower temporal bar)

Quadratojugal ornamentation at its base (Pol [1999: character 161])

0 absent

1 present

Posterior skull table (modified by Larsson [2000] from Clark [1994: character 24])
0 non-planar (squamosal ventral to horizontal level of postorbital and parietal)

1 planar (postorbital, squamosal, and parietal on same horizontal plane)

Cranial table width relative to ventral portion of skull (adapted from Wu et al. [2]
character 123]

0 nearly as wide

1 narrower

Dorsal and ventral edges of squamosal groove for external ear valve musculature
(Larsson [2000])

0 absent

1 ventral edge is lateral to dorsal

2 ventral edge is directly beneath dorsal

Posterior region of auditory fossa (Larsson [2000])

0 opens posteriorly

1 bounded posteriorly by a posteroventrolateral extension of the squamosal and
exoccipital

Squamosal prongs (modified extensively from Clark [1994: characters 35 and
36]; Brochu [1997: character 140])

0 short or absent

1 present, depressed from skull table, unsculpted

2 present, level with skull table, sculpted

3 present, upturned, sculpted

Distal squamosal prong (Larsson [2000])

0 tapered

1 broad

Posterolateral overhanging rim of supratemporal fossa (modified from Ortega et
al. [2000: character 75])

0 absent, anterior opening of temporo-orbital foramen visible in dorsal view

1 present and temporal-orbital foramen partially occluded from dorsal view
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67.

68.

69.

70.
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Squamosal posterolateral region, lateral to paroccipital process (Gasparini et al.
[2005: character 249])

0 narrow

1 bearing a subrounded flat surface

Posteromedial branch of squamosal orientation (Gasparini et al. [2006: character 250])
0 transverse

1 posterolateral

Parietal dorsal surface between supratemporal fenestrae (modified from Clark
[1994: character 33])

0 broad sculpted region

1 sagittal crest

Postorbital participation in infratemporal fenestra (Wu et al. [1997: character 108])
0 nearly or completely excluded

1 present

Postorbital bar sculpturing (if skull sculpted) (modified from Clark [1994: char-
acter 25])

0 present

1 absent

Postorbital bar (adapted from Norell [1989: character 3]; Clark [1994: 26]; Bro-
chu [1997: character 70])

0 transversely flattened (ectopterygoid does not strongly contact bar)

1 massive (roughly anterolateral elliptical cross-section)

2 slender (cylindrical); roughly anteromedially elliptical

Postorbital posteroventral process (modified from Brochu [1997: character 76])
0 absent

1 present as a thin descending process from the postorbital along the quadratojugal
2 present and contacts the quadrate

Anterolateral projections on postorbital bar (adapted from Norell [1989: charac-
ter 2]; Brochu [1997: character 134])

0 absent

1 present

Anterior extension of external auditory meatus fossa (Larsson [2000]; modified
from Brochu [1997: character 163])

0 squamosal

1 onto posterior margin of postorbital, separated from anterior margin by a verti-
cal ridge (postorbital roof overhangs postorbital-squamosal suture)

2 to anterolateral edge of postorbital

3 along entire length of postorbital and continues into orbit over a thin ramus of
the postorbital

Vascular opening on lateral edge of dorsal part of postorbital bar (modified from
Clark [1994: character 27])

0 absent

1 present
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Postorbital with prominent anterolateral projection distinct from dorsal corner
(adapted from Clark [1994: character 28])

0 absent

1 present

Depression on anterodorsal surface of postorbital for a palpebral element (Lars-
son [2000])

0 absent

1 present

Postorbital bar relative to dorsolateral edge of postorbital (adapted from Clark
[1994: character 30])

0 continuous

1 inset medially

Bar between orbit and supratemporal fossa (adapted from Clark [1994: character 31])
0 broad

1 narrow (fossa nearly covers entire bar)

Position of postorbital relative to jugal on ventral end of postorbital bar (modified
from Clark [1994: character 16])

0 anterior

1 medial

2 lateral

Postorbital-ectopterygoid contact (Pol [1999: character 158])

0 present

1 absent

Bones on lateral surface of postorbital bar (Gasparini et al. [2006: character 244])
0 postorbital and jugal

1 only postorbital

Premaxillary labial process extending anteriorly beyond tooth row (Larsson
[2000])

0 absent

1 present

Premaxilla midline extension into anterior margin of external nares (modified
from Clark [1994: character 4]; Brochu [1997: character 145]; Wu et al. [1997:
character 125])

0 none

1 small projection (less than 10 percent length of nares)

2 present and less than 50 percent

3 present and more than 50 percent but not completely

Premaxilla midline extension from posterior margin of external nares (Larsson
and Sues [2007: character 50] modified from Pol [1999: character 135]; Larsson
[2000])

0 absent

1 present and thin

2 present and thick to form a posterodorsal notch
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External nares orientation (modified from Clark [1994: character 6])

0 lateral

1 dorsal

2 anterior or anterolateral

Circumnarial fossa (Larsson [2000])

0 absent

1 present

Single or paired foramina at posterolateral corner of pm above tooth row (zew
character)

0 absent

1 present

Foramen on palatal pm-m contact near tooth row (Larsson and Sues [2007: char-
acter 60] and Pol [1999: character 149])

0 small or absent

1 large

2 large and connects with an elongate foramen in the external pm-m suture im-
mediately above the tooth line

Premaxilla palatal shelves (Larsson [2000])

0 do not meet posteriorly

1 meet posteriorly

Incisive foramen (modified from Clark [1994: character 7]; Brochu [1997: char-
acter 124])

0 present and large (length equal to or more than half the greatest width of pre-
maxillae)

1 present and small (length less than half the width of the premaxillae)

2 absent (palatal parts of premaxillae in contact along entire length

Premaxilla tooth count (Modified from Norell [1988: character 17]; Brochu
[1997: character 97])

0 two

1 three

2 four

3 five

Anterior two premaxillary teeth (Larsson [2000])

0 separate

1 nearly confluent

Posterodorsal premaxillary process extension (adapted from Brochu [1997: char-
acter 145] and Pol [1999: character 138])

0 absent

1 present but not beyond third maxillary alveolus

2 present and beyond third maxillary alveolus
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Premaxilla-maxilla lateral fossa excavates alveolus of last premaxillary tooth (Lars-
son and Sues [2007: character 66])

0 no

1 yes

Premaxilla-maxilla suture in palatal view, medial to alveolar region (Pol [1999:
character 139] and Ortega et al. [2000: character 9])

0 anteromedially directed

1 sinusoidal, posteromedially directed on its lateral half and anteromedially di-
rected along its medial region

2 posteromedially directed

Deep fossa between and behind first and second premaxillary teeth to accom-
modate an enlarged, procumbent first dentary tooth (Larsson and Sues [2007:
character 56])

0 absent

1 present

Ventral edge of premaxilla location with respect to ventral edge of maxilla (modi-
fied from Ortega et al. [2000: character 10])

0 same height

1 ventral

Premaxillary palate circular paramedian depressions (Sereno et al. [2001: charac-
ter 67])

0 absent

1 present located anteriorly on the premaxilla

2 present located at the premaxilla-maxilla suture

Procumbent premaxillary alveoli (Zaher et al. [2006: character 195])

0 absent

1 present

Premaxillary anterior alveolar margin orientation (Sereno et al. [2001: character 68])
0 vertical

1 inturned

Premaxillary tooth row orientation (Sereno et al. [2001: character 69] with new
state 2)

0 arched labially from midline

1 angled posterolaterally, at 120° angle

2 set in a relatively straight posterolateral orientation

Last premaxillary tooth position to first maxillary tooth (Sereno et al. [2001:
character 70])

0 anterior

1 anterolateral

Premaxillary and anterior dentary tooth row orientation (Sereno et al. [18])

0 posterolateral

1 nearly transverse
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Penultimate posterior premaxillary tooth size relative to anterior premaxillary
teeth (Clark [1994: character 78])

0 similar

1 much longer

Anteromedial extension of incisive foramen (adapted from Brochu [1997: char-
acter 153])

0 far from premaxillary tooth row (level of second or third alveolus)

1 abuts premaxillary tooth row

Wedge-like anterior process of maxilla on lateral surface of premaxilla-maxilla
suture (Gasparini et al. [1993: character 3])

0 absent

1 present

Enlarged anterior dentary teeth occlusion at premaxilla — maxilla suture (modi-
fied by Larsson and Sues [2007: character 65] from Norell [1988: character 29];
Sereno [1991: character 15]; Clark [1994: chars. 9 and 80]; Brochu [1997: char-
acter 77])

0 enlarged teeth absent

1 lingually within an internal fossa (fossa may extend dorsally to form a foramen)
2 labially within a laterally open notch

Sculpturing along alveolar margin on lateral surface of maxilla (modified from
Wu and Sues [1996: character 29])

0 absent

1 present

Maxilla — maxilla contact on palate (adapted from Clark [1994: character 10])

0 only posterior ends not in contact at sutures with palatines

1 complete

Ventrolateral edge of maxilla in lateral view (modified from Clark [1994: charac-
ter 79])

0 straight

1 single convexity

2 double convexity (“festooned”)

Posterior extent of maxilla (adapted from Wu and Chatterjee [1993: character 4];
Wu et al. [1997: character 114])

0 posterior to anterior margin of orbit

1 anterior to anterior margin of orbit

Maxillary depression (separate from antorbital fenestra) on lateral surface near
lacrimal (adapted from Wu et al. [1997: character 127])

0 absent

1 present

Sagittal torus on maxillary palatal shelves (Larsson and Sues [2007: character 71])
0 absent

1 present
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Longitudinal depressions on palatal surface of maxillac and palatines (Gasparini
et al. [2006: character 253])

0 absent

1 present

Large and aligned neurovascular foramina on lateral maxillary surface (Pol [1999:
character 152])

0 absent

1 present

Maxillary tooth number (Sereno et al. [2003: character 51])

0,10 or more

1 less than 10

Posterior maxillary and dentary teeth implantation (modified from Pol and Apes-
teguia [2005: character 161] and Ortega et al. [2000: character 19].)

0 thecodont

1 within an incompletely divided alveolar groove

Ornamentation on carinae of maxillary and opposing dentary teeth (modified by
Larsson and Sues [2007: character 68] from Sereno et al. [2003: character 53];
Ortega et al. [1996: character 11])

0 smooth

1 serrations

2 denticles

Compressed crown of maxillary teeth orientation (modified from Pol [1999:
character 151])

0 parallel to longitudinal axis of tooth row

1 obliquely disposed

Maxillary teeth lateral compression (Pol [1999: character 154]; Ortega et al.
[2000: character 104])

0 absent

1 present

Position of first enlarged maxillary teeth (modified by Turner and Buckley [2008:
character 184] from Ortega et al. [2000: character 156])

0 maxillary teeth relatively homodont

1 second or third alveoli

2 fourth or fifth alveoli

Tooth carinae (Ortega et al. [1996: character 11])

0 absent or smooth or crenulated

1 denticulate

Cheek teeth crown bases (Ortega et al. [1996: character 13])

0 not constricted

1 constricted

Vomer palatal exposure (Buckley et al. [2000: character 115])

0 present

1 absent
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Palatine secondary palate (modified by Larsson [2000] and Larsson and Sues
[2007: character 79] from Clark [1994: character 37])

0 palatines form palatal shelves that do not meet

1 form palatal shelves that meet along anterior 2/3 of secondary palate (posteri-
orly open V may be filled by pterygoids)

2 palatal shelves of palatines meet along their entire length (linear palatine-ptery-
goid contact)

Palatine — pterygoid suture on secondary palate relative to posterior angle of sub-
orbital fenestra (adapted from Brochu [1997: character 85]

0 nearly at

1 far from

Posterolateral edges of palatines on secondary palate (adapted from Norell [1988:
character 2]; Brochu [1997: character 90])

0 parallel

1 flare laterally to form a shelf

Anterior process of palatine on secondary palate (modified by Larsson [2000] and
Larsson and Sues [2007: character 78] from Brochu [1997: chars. 108 and 118])
0 pointed

1 rounded

2 wide and squared (flat anteriorly)

Palatine-pterygoid contact on palate (Pol and Norell [2004: character 165])

0 palatine overlies pterygoid

1 palatine firmly sutured to pterygoid (Pol and Norell [2004: character 165])
Pterygoid secondary palate (modified from Clark [1])

0 absent

1 thin shelf that does not meet

2 secondary palate with anterior margin of choanae located in anterior one-half
of pterygoid

3 secondary palate with anterior margin of choanae located in posterior one-half
of pterygoid

Choanae projection (modified by Larsson and Sues [2007: character 82] from
Clark [1994: character 39] and Pol and Norell [2004: character 183])

0 posteroventrally into a midline depression continuous with pterygoid surface

1 posteriorly walled by pterygoids

2 posteriorly walled by pterygoids with a ventrally raised posterior rim

Paired anterior palatal fenestra (modified by Pol et al. [15] from Wu et al. [1997:
character 128])

0 absent

1 present

Palatine orientation (Zaher et al. [11 character 196] modified from Martinelli
[2003: character 36])

0 parasagittal along entire length

1 diverge laterally becoming rod-like posteriorly forming palatine bars
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Posterior pterygoid processes (modified from Larsson [2000])

0 absent or low ridges

1 present and near level of palate

2 present and tall

Posteromedial region of pterygoid in occipital aspect (modified from Brochu
[1997: character 119])

0 not visible

1 visible but less than basioccipital height

2 visible and subequal in height to basioccipital

Combined width of pterygoids in palatal aspect (new character)

0 not more than twice wider than long

1 more than twice wider than long

Depression on primary pterygoid palate posterior to choana (modified by Ortega
et al. [2000: character 149] from Clark [1994: character 42])

0 absent or moderate in size, narrower than palatine bar

1 wider than palatine bar

Primary pterygoid palate (Turner and Buckley [2008: character 43] modified
from Clark [1994: character 43])

0 forms posterior half of choanal opening

1 forms posterior, lateral, and part of the anterior margin of the choana

2 completely enclose choana

Pterygoid — pterygoid contact on primary palatal plane (modified extensively
from Clark [1994: character 56]; Brochu [1997: character 113]; Wu et al. [1997:
character 56 and 121])

0 completely to basipterygoid processes (but open posteriorly to form a V over
basisphenoid)

1 complete with basisphenoid length approximately 1/3 width

2 complete with basisphenoid nearly hidden by a near pterygoid — basioccipital contact
Anterior edge of choanae location with respect to posterior margin of suborbital
fenestrae (modified from Pol and Norell [2004: character 44] and Clark [1994:
character 44])

0 at or anterior to

1 posterior

Quadrate process of pterygoid (Pol [1999: character 166])

0 well developed

1 poorly developed

Pterygoid flanges (Ortega et al. [2000: character 138])

0 laminar and expanded

1 bar-like

Quadrate ramus of pterygoid (modified from Clark [1994: character 38])

0 extends dorsally to laterosphenoid

1 extends dorsally to laterosphenoid and forms ventrolateral edge of trigeminal
foramen
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Quadrate ramus of pterygoid in ventral aspect (adapted from Wu et al. [1997:
character 119])

0 broad

1 narrow

Pterygoid flanges (Wu et al. [1997: character 106])

0 thin and laminar

1 dorsoventrally thick, with pneumatic spaces

Choanal groove (modified by Turner and Buckley [2008: character 69] from
Clark [1994: character 69])

0 undivided

1 partially separated

2 completely separated

Choanal septum shape (Pol and Apesteguia [2005: character 186])

0 narrow vertical bony sheet

1 T-shaped bar expanded ventrally

Choanal septum, ventral surface (modified by Pol et al. [15] from Turner [2005:
character 126])

0 smooth to slightly depressed

1 marked by an acute groove

Ectopterygoid projection medially on ventral surface of pterygoid flange (Zaher
et al. [2006: character 198])

0 minimal

1 broad, extending approximately over the lateral half of the pterygoid flange
Ectopterygoid medial process (Ortega et al. [2000: character 146])

0 single

1 forked

Ectopterygoid — maxilla contact (modified by Larsson and Sues [2007: character
91] from Norell [1988: character 19] and Brochu [1997: character 91])

0 absent

1 present but ectopterygoid only abuts maxilla

2 present and ectopterygoid nears maxillary tooth row

3 present and broadly separated from tooth row by maxilla

Ectopterygoid, relation to postorbital bar (adapted from Clark [1])

0 no support

1 contributes to base of bar

Ectopterygoid extension along lateral pterygoid flange (modified from Norell
[1988: character 32] and Brochu [1997: character 149])

0 not to posterior tip of pterygoid

1 to posterior tip of pterygoid

Posterior ectopterygoid process along ventral surface of jugal (Larsson [2000])

0 absent

1 very small
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Quadrate body orientation distal to otoccipital-quadrate contact in posterior
view (Pol and Norell [2004: character 181])

0 ventral

1 ventrolateral

Cross section of distal end of quadrate (Pol and Norell [2004: character 164])

0 mediolaterally wide and anteroposteriorly thin

1 subquadrangular

Quadrate condyles (Ortega et al. [2000: character 53])

0 with poorly developed intercondylar groove

1 medial condyle expands ventrally, separated from the lateral condyle by a deep
intercondylar groove

Quadrate distal end (Pol [1999: character 167])

0 with only one plane facing posteriorly

1 two distinct faces in posterior view, a posterior one and a medial one bearing
the foramen aérum

Quadrate major axis orientation (modified by Turner and Buckley [2008: charac-
ter 149] from Pol [1999: character 166] and Ortega et al. [2000: character 44])
0 posteroventral

1 ventral

2 anteroventral

Posterior edge of quadrate body (Clark [1994: character 46])

0 broad medial to tympanum, gently concave

1 posterior edge narrow dorsal to otoccipital contact, strongly concave
Squamosal — quadrate contact within the otic aperture to posteriorly bound the
external auditory meatus (Larsson [2000], adapted in part from Brochu [1997:
char: 102])

0 absent

1 present with a smooth posteroventral margin bordering the otic aperture

2 present with a posteroventral notch in the contact

Quadrate — squamosal — otoccipital contact to enclose cranioquadrate space
(Clark [1994: character 49])

0 absent

1 present near lateral edge of skull

2 present with quadrate — squamosal contact broad laterally

Prominent crest on dorsal surface of distal quadrate that extends proximally to
lateral extent of quadrate — exoccipital contact (modified from Brochu [1997:
character 112])

0 absent

1 present

Preotic siphonal foramina (adapted from Clark [1994: character 45])

0 absent

1 single

2 three or more
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Dorsal primary head of quadrate contact (adapted from Clark [1994: charac-
ter 47])

0 only squamosal

1 squamosal and (or near) laterosphenoid

Quadrate — basisphenoid contact (modified from Wu et al. [1997: char: 104])

0 dorsolateral contact

1 dorsolateral and anterolateral contact

Distal quadrate relative to quadrate body (adapted from Wu et al. [1994: charac-
ter 22] and Wu et al. [1997: character 105])

0 distinct

1 indistinct ventromedial contact of quadrate body with otoccipital

164. Jaw articulation (quadrate condyle), position relative to maxillary tooth row (Wu

165.

166.

167.

168.

169.

170.

171.

and Sues [1996: character 24])

0 above or near level

1 below

Laterosphenoid bridge (modified from Brochu [1997: character 115])

0 absent

1 at least partially complete

Prominent boss on paroccipital process (Brochu [1997: character 141])

0 absent or reduced, with short process lateral to cranioquadrate opening

1 present, with long process lateral to cranioquadrate opening

Ventromedial portion of exoccipital adjacent to basioccipital tubera (Larsson
[2000])

0 slender

1 hypertrophied

Large ventrolateral region of paroccipital process (adapted from Clark [1994:
character 60])

0 present

1 absent

Supraoccipital exposure on dorsal skull table (modified from modification
by Larsson and Sues [2007: character 107] from Norell [1988: character
11] and Brochu [1997: character 82] and from Turner and Buckley [2008:
character 285])

0 absent

1 small, parietal still reaches portion of occipital surface

2 large, parietal excluded from occipital surface

Mastoid antrum (Clark [1994: character 63])

0 extending into a fossa in supraoccipital

1 extends through a complete transverse canal in supraoccipital

Otoccipital large ventrolateral part ventral to paroccipital process (Clark [1994:
character 60])

0 absent

1 present
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Basioccipital and ventral part of otoccipital orientation (Gomani [1997: charac-
ter 32])

0 posteroventrally

1 posteriorly

Lateral Eustachian tube openings (Pol [1999: character 146])

0 located posterior to the medial opening

1 aligned anteroposteriorly and dorsoventrally

Basisphenoid lateral exposure on braincase (Pol [1999: character 163])

0 absent

1 present

Laterosphenoid, capitate process orientation from midline (Brochu [1997: char-
acter 130])

0 lateral

1 anteroposterior

Posterior surface of supraoccipital (Clark [1994: character 64])

0 nearly flat

1 bilateral posterior prominence

Basioccipital tuberosity (Clark [1994: character 57])

0 poorly developed

1 large and pendulous

Mandibular symphysis, terminal orientation (new character)

0 horizontal, or only slightly anterodorsal

1 anterodorsal at approx. 45 degrees at a distinct angle from jaw line
Mandibular symphysis shape in lateral (modified by Turner and Buckley [2008:
character 103] from Wu and Sues [1996: character 17])

0 shallow and tapering anteriorly

1 deep and tapering anteriorly

2 deep and anteriorly convex

3 shallow and anteriorly convex

Dorsal surface of mandibular symphysis (Pol and Apesteguia [2005: character
184])

0 flat or slightly concave

1 strongly concave and narrow, trough shaped

Dentary extension beneath mandibular fenestra (Clark [1994: character 70])

0 present

1 absent

Anterior caniniform dentary tooth near third position (new character)

0 absent

1 present

Dentary teeth height near mid-length of tooth row with respect to remaining
teeth in posterior half of mandible (modified from Clark [1994: character 81])
0 equal

1 enlarged
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Dentary tooth margin curvature between teeth 3 and 10 (adapted from Brochu
[1997: character 68])

0 linear

1 gently curved

External mandibular fenestra (adapted from Norell [1988: character 14]; Clark
[1994: character 75]; Brochu [1997: character 62])

0 absent

1 small and foramen intermandibularis caudalis not visible laterally

2 large and foramen intermandibularis caudalis visible laterally

Shape of dentary symphysis in ventral view (modified by Turner and Buckley
[2008: character 154] from Pol [1999: character 212])

0 tapering anteriorly forming an angle

1 U-shaped, smoothly curving anteriorly

2 lateral edges longitudinally oriented, convex anterolaterally corner, and exten-
sive transversely oriented anterior edge

Lateral surface of posterior region of dentary and anterior region of surangular
longitudinal depression (Ortega et al. [1996: character 5])

0 absent

1 present

Splenial involvement in mandibular symphysis (adapted from Clark [1994: char-
acter 77]; Brochu [1997: character 43] — reduced to 0,1 states to not bias longi-
rostrine taxa)

0 absent

1 present

Dentary surface lateral to seventh alveolus (modified by Turner and Buckley
[2008: character 158] from Buckley and Brochu [1999: character 105])

0 smooth

1 lateral concavity for the reception of an enlarged maxillary tooth

Dorsal edge of dentary orientation to longitudinal axis of skull (modified by
Turner and Buckley [2008: character 159] from Ortega et al. [1996: character 1]
and Buckley and Brochu [1999: character 107])

0 slightly concave or straight

1 straight with an abrupt dorsal expansion anteriorly

2 single dorsal expansion and concave posterior to this

3 sinusoidal, with two concave waves

Posterior peg at symphysis (Pol and Apesteguia [2005: character 180])

0 absent

1 present

Dentary compression and ventrolateral surface anterior to mandibular fenestra
(modified by Turner and Buckley [2008: character 160] from Ortega et al. [1996:
character 2] and Buckley and Brochu [1999: character 108])

0 compressed and vertical

1 not compressed and convex
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Splenial transverse thickness posterior to symphysis (modified by Turner and
Buckley [2008: character 161] from Ortega et al. [1996: character 7] and Buckley
and Brochu [1999: character 110])

0 thin

1 robust dorsally

Dentary lateral surface below alveolar margin, at mid- to posterior region of tooth
row (Pol and Apesteguia [2005: character 188])

0 vertically oriented, continuous with rest of lateral surface of dentary

1 flat surface exposed laterodorsally, dived by a ridge from the rest of the lateral
surface of the dentaries

Angular-surangular contact relative to medial wall of external mandibular fenestra
(adapted by Larsson and Sues [2007: character 115] from Norell [10] character
40; Brochu [6] character 47]

0 continue to posterior angle

1 pass along posteroventral margin

Anterior processes of surangular (adapted from Brochu [1997: character 48])

0 single

1 two

Coronoid size (modified by Turner and Buckley [2008: character 175] from Or-
tega et al. [2000: character 98])

0 short and located below dorsal edge of mandible

1 anteriorly extended with posterior region elevated at the dorsal margin of
mandible

Surangular contribution to glenoid fossa (Buckley and Brochu [1999: character
102])

0 lateral wall only

1 approximately one-third of fossa

Surangular extension toward posterior end of retroarticular process (adapted
from Norell [1988: character 42]; Brochu [1997: character 51])

0 along entire length

1 pinched off anterior to posterior tip

Surangular — articular suture orientation within glenoid fossa (adapted from Bro-
chu [1997: character 162])

0 anteroposteriorly (linear)

1 bowed strongly laterally

Insertion area for M. pterygoideus posterior on angular (adapted from Clark
[1994: character 76])

0 medial

1 medial and lateral

Longitudinal ridge along the dorsolateral surface of surangular (Pol and Norell
[2004: character 187])

0 absent

1 present
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Sharp ridge on the ventrolateral surface of angular (Pol and Norell [2004: charac-
ter 186])

0 absent

1 present

Prearticular (Clark [1994: character 72])

0 present

1 absent (fused to articular)

Articular cotyle of lower jaw, shape (Wu and Sues [1996: character 23])

0 wider than long

1 longer than wide

Retroarticular process (modified by Larsson and Sues [2007: character 122] from
Benton and Clark [29]; Norell and Clark [1990: character 7]; Clark [1994: char-
acter 71]; Brochu [1997: character 50])

0 short, less than twice the length of the articular cotyle

1 elongate, equal to or more than twice the length of the articular cotyle

Medial edge of retroarticular process (Larsson [2000])

0 concave or linear

1 convex

Projection of retroarticular process (adapted from Clark [1994: character 71])

0 posteriorly or posteroventrally

1 posterodorsally

Vertebral centra (Buscalioni and Sanz [1988: character 35])

0 cylindrical

1 spool shaped

Cervical neural spines (modified by Turner and Buckley [2008: character 90]
from Clark [1994: character 90])

0 all anteroposteriorly large

1 only posterior ones rodlike

2 all spines rodlike

Axial neural spine height (Larsson [2000])

0 high, subequal to centrum height

1 low, less than half centrum height and nearly horizontal

Axis neural arch lateral process (diapophysis) (adapted from Norell [1989: char-
acter 7]; Brochu [1997: char: 4])

0 absent

1 present

Postzygapophyses of axis (Pol [1999: character 170])

0 well developed, curved laterally

1 poorly developed

Anteroposterior development of neural spine in axis (Pol [1999: character 168])
0 well developed covering all the neural arch length

1 poorly developed, located over the posterior half of the neural arch
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Cervical vertebrae (adapted from Clark [1994: character 92])

0 amphicoelous or amphiplatyan

1 procoelous

Cervical hypapophyses (modified from Clark [1994: character 91] and Brochu
[1997: character 7])

0 absent

1 present only in cervical vertebrae

2 present in cervicals and at least first two dorsal vertebrae

Posterior process of cervical rib shaft posterodorsally projecting spine at junction
with the tubercular process (Turner [2004: 129])

0 absent

1 present

Dorsal vertebrae (adapted from Benton and Clark [29]; Norell and Clark [1990:
character 8 and 10]; Clark [1994: character 93]; Brochu [1997: character 18])

0 amphicoelous or amphiplatyan

1 procoelous

Number of sacral vertebrae (Buscalioni and Sanz [1988: character 44])

0 two

1 three or more

Caudal vertebrae (adapted from Norell and Clark [1990: character 9])

0 all amphicoelous or amphiplatyan

1 all procoelous

2 first caudal vertebra gently biconvex and rest procoelous

Transverse process of sacral vertebrae orientation (Gasparini et al. [2006: charac-
ter 255])

0 lateral

1 markedly deflected ventrally

Scapular blade width relative to length of scapulocoracoid articulation (Buckley
and Brochu [1999: character 106])

0 no more than twice

1 broad, greater than twice

Anterior and posterior margins of scapula in lateral aspect (Clark [1994: charac-
ter 82]; Brochu [1997: character 22]; Turner and Buckley [2008: character 82])
0 symmetrically concave in lateral view

1 anterior edge more strongly concave than posterior edge

2 dorsally narrow with straight edges

Deltoid crest of scapula (adapted from Brochu [1997: character 23])

0 present

1 absent

Coracoid length relative to scapula (adapted from Clark [1994: character 83])
0,1/2

1 subequal



226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

2306.

237.

Cretaceous Crocodyliforms from the Sahara 129

Proximomedial articular surface on humerus (modified from Sereno [1991: char-
acter 4])

0 present (strongly arched edge)

1 absent (weakly arched edge)

Longitudinal axis of humeral shaft in lateral aspect (Larsson [2000])

0 straight

1 sigmoid (distal end curves anteriorly)

M. teres major and M. dorsalis scapulae insertion on humerus (Brochu [1997:
character 29])

0 separate, scares distinguished dorsal to deltopectoral crest

1 insert with common tendon, single insertion scar

Olecranon process of ulna (Brochu [1997: character 27])

0 narrow and subangular

1 wide and rounded

Radiale and ulnare length (modified from Benton and Clark [1988: character
Crocodylomorpha E); Wu and Sues [1996: character 40])

0 short (endochondral)

1 long (perichondral)

2 long with a distinct proximomedial process on the radiale

Anterior process of ilium length relative to length of posterior process (Clark
[1994: character 84])

0 similar

1 one-quarter or less

Dorsal margin of iliac blade (modified from Brochu [1997: char: 28])

0 rounded with a smooth border

1 flac

Posterior iliac process (Larsson [2000])

0 dorsoventrally expanded with a blunt end

1 nearly absent

Supra-acetabular crest (Buscalioni and Sanz [1988: character 49])

0 present

1 absent

Contribution of pubis to acetabulum (Clark [1994: character 86])

0 partially excluded by anterior process of ischium

1 completely excluded from acetabulum

Anterior margin of femur (Buckley and Brochu [1999: character 102])

0 linear

1 bears flange for coccygeofemoralis musculature

Proximal-most portion of fibular head (modified by Pol and Gasparini [2009:
character 272] from Turner [2004: character 128])

0 straight-sided to weakly developed posteriorly

1 sharply projecting posteriorly, forming distinct extension
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Fibular articular facet of femur (adapted from Clark [1994: character 87])

0 large

1 very small

Lateral edge of proximal articular surface of femur (lesser trochanter) (Larsson [2000])
0 rounded

1 squared with an enlarged ischiotrochantericus muscle scar

Fourth trochanter on femur (modified from Sereno [1994: character 35])

0 absent

1 present but low

Tibia length relative to femur length (adapted from Sereno [1991: character 27])
0 subequal or longer

1 shorter

Calcaneal facet for fibula and distal tarsal 4 (Sereno [1991: character 3])

0 separate

1 contiguous

Calcaneal tuber (adapted from Sereno [1991: character 2 and 29]; Parrish [1993:
character 1 and 9])

0 absent or rudimentary

1,45 degrees posterolaterally

2 posteriorly

Fore and hind limb lengths (Larsson [2000])

0 hind limb much longer than forelimb

1 subequal

Gap in cervico-thoracic dorsal armor (Ortega et al. [2000: character 109])

0 absent

1 present

Number of dorsal osteoderms per transverse row (adapted from Norell and Clark
[101: character 12]; Sereno [1994: character 22]; Clark [1994: character 97];
Brochu [2000: character 37])

0 none (dorsal osteoderms absent)

1 two

2 four or more

Dorsal osteoderm shape (modified from Norell and Clark [1990: character 16];
Clark [1994: character 95]; Brochu [1997: character 36])

0 square

1 wider than long but less than three times wider than long

2 more than three times wider than long

Anterior edge of dorsal parasagittal osteoderms (Turner and Buckley [2008: char-
acter 96] modified from Norell and Clark [1990: character 13]; Clark [1994:
character 96]; Brochu [1997: character 40])

0 straight

1 discrete convexity on anterior margin

2 with anterolateral process on anterior edge
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249. Keel on dorsal osteoderms (adapted from Buscalioni et al. [1992: character 22];
Clark [1994: character 101]; Brochu [1997: character 35])
0 absent
1 present
250. Dorsal trunk osteoderm, anteroposterior keel position (Sereno et al. [2003: char-
acter 65])
0 medial or paramedian
1 lateral margin
251. Ventral trunk osteoderms (adapted from Buscalioni et al. [1992: character 21];
Clark [1994: character 100]; Brochu [1997: character 39])
0 absent
1 present and osteoderms are single
2 present and osteoderms are paired ossifications sutured together
252. Tail osteoderms (adapted from Clark [1994: character 99])
0 absent
1 dorsal only
2 completely surrounded
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Character-state matrix

Character states (0-4) are given for the outgroup (Orthosuchus stormbergi) and 42 in-
group crocodyliforms. Brackets enclose variable conditions; a question mark indicates
missing data; and a dash indicates inapplicability due to transformation.

Orthosuchus stormbergi
21010004001200000{1,2}0022100010002000001021000020020210011102020000
000000011012011000020-200-0010000201-0200000-001000200200---200:2000220
020202102:000111000000002101000-00210022002300101220000222000
201200000¢22:200010002000:0100002220000002101012101121102

Zosuchus davidsoni

2001120{3,4}20{0,1}022200222{1,2}2202100022222001221010000222202{0,1}112221100
021022{1,2,3}2021122022{0,1}22202212120200000221202201202001100000020222020102?
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Hsisosuchus chungkingensis

210110040000002002000000000000201000101001100002011211120200000010
0010001002011100001230122002202201-2200111-200210121220---00110000000000
000100020012{0,1}221021101100000-00100022000221220120122002120200200120010

Pelagosaurus typus
2001201000111000000000000110000010000001001000010011000000-0100100
000000002110001000122212000000000020011-0001000000-0011101101000000
000{0,1}101010200000110000011000110000000110220100022--21110-02201220220
00001012001220020202012122221010100212011{1,2}001120-11

Steneosaurus bollensis
100120100011100000000000011000002-000001011020200011000000-01011100
0000000221000200011211-000000000000021-000{0,1}000000-002100010100100
00000121010200100010000011020110210002110221102000--21010-010020100100
00010100101000200012111002210101002100111001121011

Metriorhynchus superciliosus
0001211000111011000100100110000010000000021000200011000000-01111100
0000000220001100001101-0000000000000-1-0001000000-002210110100000000
0210101020000-0100000110001100100021102211020-0--02110-0200-01002000000
01001120002000120111022000110020001010-0----00

Geosaurus suevicus
000131100011101100020020011000002-000102001022220011000000-2111210000

1200:000100020----00

Uruguaysuchus aznarezi
2001120{3,4}20{0,1}2220202222222212202222201122121202022022221122{0,1}202202222222222?
2220222222122212220222{0,2}22022011100221022010{0, 1} 12122222222222202020222{1,2}2020?

Notosuchus terrestris
101110020010001000011120010101201101100101100011000021110100000112
20100110110120200212321-0000000001-0001010201112110001110{0,1}1011100
0100000211100111101011111121211012101210000100010100020{0,1}1001001
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Malawisuchus mwakasyngutiensis
1011100{3,4}00000000041,2}010210210{0,1}0120010110-100002211000201120100
20011222100210{0,1}221{1,2}22022222010200200{0,2}0012010100022111200101111
0{0,1}10100200000000212100021102011101221111012101220020200012120020010
000210020121002101022222201202020122002222222212122021122001022

Mariliasuchus amarali

10113-0{3,4}2022221002210220110{0,1}22222221101-001010012202011121100001120
0300111110222202012221-0000100001200010100011100111121-12101111010010
0021010011200000011112221101220222001020022010002001001021212010100110

Sphagesaurus huenei
10113-2{3,4}2020222202222222022222222201101-10100011020212222222222112002022222101

Baurusuchus pachecoi

1000{1,3}2031022002002020110011201201001111210110211010{0,1}010110-00021
1210100110110020200{0,1}1220100000000001202111100011010111112102101
00{0,1}{0,1}010{1,2}0102111021111220111111221110122012100002001201101210,

Baurusuchus salgadoensis
10001003100000100{1,2}020100011001201001111111110021010{0,1}010110-00
001121010011022202220040,1}12201022020000012021111000112000112221021010
0{0,1}2020{1,2}120210222121202012211{1,2}22211012222220022200120110121110200?

Anatosuchus minor
200210040000000002020210010100210021110100110001001211120110000112
1030011012012221021{1,2}30102000001010200011000010200200121222121000{0,1
10002220220210002222012121222111012121120202200020200122010000000222021011
21002222222222020110100222¢2222222222222201101122
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Simosuchus clarki
2012100400000000041,2}0{1,2}0210010100221020110000110001011211120110
0001122030011002003221021130102000001010000011100010120100100-2210
1000000020102{0,1}121000120201102112011100210112000020002010012201001
0000120001011101022222201202222222222222222222222222222001212

Amrz'pesuc/ous gomesii

2002100300000000020100100100012000211011001002010111011102200001120
0310110110120211212201-0002002000-001111000101100111111021010012000
100021021100110101010112211211212111000010000110212{0,1}0101002002211?

2221222222122222221220{0,1}2212120112{0,1} 100001 2222222222222122222222222222222222222222222
2p000rereene?

Araripesuchus tsangatsangana

2002100{3,4}00000000020{1,2}22200100022001211221001002110202011202200001 1
2{1,2}221021010022022121232122202{0,1}02021200111102010100110111222121002202
2100011120000{1,2,3}22201{0,1}111222112102102210020100001101120012110000?

Amrz'pesuc/ous patagonicus
2002100{3,4}000000000202022021000220002{0,1}1221001002010002011201100001
1212320110120222222{1,2}22221222020220212001110020101000122212221212022200100
02102110041,2,3}202010211222122012102120002200002122220010212020222121002111
021222222122201122202221220221 222222201101 122

Amrz'pesuc/ous wegeneri

2002100{3,4}00000000020102200101022001211111001000010012111202100001
121231011011012221120232120200002021000111002010120111111221121002200
020001102110032020111112211120121120100001000012111202220202022222222222222
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Sebecus icaeorhinus

1000220{3,4}10200020220{0,1}0010°101012{1,2}110110110111000120201112021?
220112222222221202{1,2}2212100201101000000011021120020100101111211001010
0{0,1}{1,2}000{1,2}02221222222111010010122111100211101010222001221112{0,1}00

Hamadasuchus rebouli
2002200400100000020{1,2}0010010101220001101100110001102111120200000
11220310111100122210101201101000000010021120010101101111020021010

Stolokrosuchus lapparenti

200110040001100002010000010011211121001100110001102211120210000112
103101101101212101003121010000000111211210101011012011{1,2}220121002
220{0,1}2000112{1,2}22221121100101221011001111120101100010010020010-011

Uberabasuchus terrificus
2002000300020000041,2}02201001000121000110110{0,1}1100040,1}0021111202

Lomasuchus palebrosus
2002220200001000020{1,2}2010210001220121002100110201202111122200200112

220020001102000212222222222221112021110201001000202112{1,2}202222020222222202222
22202200200200200200202200200222222222222222

Mabhajangasuchus insignis
2002100{2,3,4}0100020002212010010012°1112102210012010101140,1}11121310
0001122031001021002110011{1,2}{2,3}21222000000200021121000100001100221
0211100011012000210210002112100001{1,2}20011012102210100200120111111
0012001012212111010100112222021020211020122210001101111121210110¢2?
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Kaprosuchus saharicus
20021004010000000201201001001221112102210012010{0,1}01111112231000011
2223100104{1,2}1001110040,1}1{1,2}10122100011021002112100010200110022--21
110001101200021021000{2,3}1101000012202120122220102022201200212110002001

Goniopholis simus

20023-0100101000011{1,2}00110100-0220131102-0011000120121112121100011
220211010120001100{0,1}113010200000000000211201001020002001110210100
1120020202102020021221000012210110022210201022000302111212{1,2}03211022202

Pholidosaurus purbeckensis

21013-000010110000020001211020220121000-0212200120112112111100011122{1,
2}110101222222222122222220222222220{0,1}21-00021020002002120211100101012020212{1
,2102001102100001{1,2}20011002121000222202222222-22210-22022222222222022220222222202

Dyrosaurus phosphaticus

10013-110110100020010001210010122-11100-02102201-022011212110012112221
10101°00111000112020200200000022201-0002100000200221101110010101202221
220010211210020122001100011100012211102212--22210-2200222122200201202211220?

Terminonaris robusta
20013-1100101200000200010110-02212{2,3}1000-0212200120121112220100022122{
1,2}110101220001000013020201101111000201-0000102000202111001{0,1}100021
0{0,1}2020210{1,2}0000210220000222022200212102020211002212--11012-022122200212?
1010210121000000020101002221101100111111121221122

Sarcosuchus imperator
20023-0100{0,1}0110010010001011010220011000-011100011011111211110001
1101211010120000100011302-2011011111001{0,1}1-0000101000200110011110
011101200011022000110210000122001100012102012221002010--11010-0110110
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Bernissartia fagesii

20023-0{2,3}100101000000{1,2}11112100102{1,2}0031102-0{0,1}112001212111122?
2102011{1,2}122100101220{0,1}{0,1}200222301222020000002011122020101001202220
0{0,1}11100{1,2}2101{1,2}120220222222112102201222211002222122122222000-11101000

Isisfordia duncani

20023-030020100000020000010010220131111-0011000{0,1}21121112111100011
222{1,2}2001022201010001130101000000000010110000010100100112111121001
01022000210200002202100001{1,2}202110021011201002002220002{1,2}20222222021?

Gavialis gangeticus
21013-000010110010010001011011100011001-00100001200111121101000112?
11100101000001000113010200000000000011-0000100000-0012100131001110
221001100--00211110000122001202202211010101103001--11010-010011001010
01010111121012010200101010121001100111112202011002

Leidyosuchus canadensis
20023-030010100001020010010001120021100-00110001100111121201000112
012100101000111001103010100000000000211200001010012011200113200111
0221101100--00310210000122011100200101010111003001111101032120010210
10010101 22ee2212212222221221222022122122122022001012

Crocodylus niloticus
20023-030010100001020000010011121031100-01110001220011121101000112
012100101000101000113010200000000000211200001000002011110113100111
0221001100--002100100001220111001001010101110030011111000301001100
011001010111001012010200201011121001100111112012001002

Alligator mississippiensis
20023-040010100002122120010011120121001-01110001100111121101000112
11210010100010100111301010000000001011120000101001201120121320022
102210011020000310010000122011100100101010111003001112100030100110
0101001011111001012010200201011121001100111112012001001
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Apomorphy list

List of apomorphic states by node for one of the four minimum-length trees in the
maximum-parsimony analysis (Fig. 43A). Ambiguous transformations (using delayed
character-state transformation) are indicated with an asterisk.

Hsisosuchus + Mesoeucrocodylia

21(0), 43(1), 85(1)*, 112(0), 127(1), 157(1)*,158(1)*,160(1), 188(1), 251(1)*

Mesoeucrocodylia
8(3), 26(1)*, 48(1), 52(1)*, 64(1), 104(1), 105(1), 120(1)*, 121(1), 125(1), 128(0),
140(1), 162(1), 166(1), 211(1)*, 225(1)

Thalattosuchia

5(2), 7(1), 8(0), 11(1)*, 12(1), 13(1), 18(0), 27(1), 31(0), 33(1)*, 37(0), 39(0), 54(0),
55(0), 56(0), 58(0), 61(1), 69(0), 73(0), 75(2), 78(0), 79(0), 81(1)*, 100(0), 103(0)*,
110(1), 138(1), 160(0), 161(0), 171(1), 172(1)%, 177(1), 182(0), 197(1)*, 208(1),
221(1)*, 224(1), 230(1), 234(1), 240(0), 241(1)*, 244(0), 252(1)

Pelagosaurus and Steneosaurus

23(0), 77(1), 149(0)*, 185(2)*, 186(1), 206(1)*, 232(1), 248(2)*

Metriorhynchus and Geosaurus
1(0), 6(1), 15(1), 16(1), 62(1), 63(1)*, 87(1), 185(0), 187(1)*, 212(1)*, 223(0),
226(1), 230(0), 233(1), 238(0), 242(0), 246(0), 251(0), 252(0)

Metasuchia

20(1)*, 36(1), 59(1)*, 66(2), 67(1), 80(1)*, 81(2)*, 111(1), 116(1)*, 117(1)*, 124(2)*,
135(1), 139(1), 147(1), 148(1), 156(1), 158(2), 163(0)*, 168(1), 181(1)*, 196(1),
199(1)%, 201(1), 204(1), 216(1), 231(1), 235(1), 247(0)

Notosuchia
58(1), 72(1)*, 79(2)*, 119(1)*, 149(0)*, 151(0), 152(1), 154(1)*, 155(1), 164(1),
169(1), 185(2)%, 200(0), 207(1)*, 210(1)*, 213(0), 236(1)*%, 248(0)

Uruguaysuchidae
4(2)*, 35(2), 69(3), 82(1), 84(2), 97(2), 103(0)*, 113(1), 142(2)*, 180(1), 191(1)*,
205(1)*, 222(1)*, 237(1), 250(1)

Amrzpesuc/ms wegeneri, Amrzpemclms buitreraensis, Uruguaymc/ms, Anatosuchus, and
Simosuchus

28(1), 38(1), 52(2), 53(1), 56(2)*, 80(2)*, 135(2), 143(1)*, 153(1)*
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Uruguaysuchus, Anatosuchus, and Simosuchus
100(0), 117(0), 182(0), 183(0)

Anatosuchus and Simosuchus
8(4)*, 32(1)*, 39(0)*, 44(1), 87(3)*, 97(1), 99(1)*, 104(0), 155(2), 179(2), 180(0),
186(2)*, 199(0)*, 203(1)*

Araripesuchus wegeneri and Araripesuchus buitreraensis

124(1), 130(2), 144(1), 167(1)

Araripesuchus ratroides, Araripesuchus tsangatsangana, Araripesuchus patagonicus, and
Araripesuchus gomesii

190(1)

Araripesuchus tsangatsangana, Araripesuchus patagonicus, and Araripesuchus gomesii
70(1)*, 80(0)*, 83(1)*, 182(0), 206(1)*, 216(2)*, 247(1)*

Araripesuchus patagonicus and Araripesuchus gomesii

116(0), 143(1)*, 144(1)

Baurusuchus, Mariliasuchus, Comahuesuchus, Sphagesaurus, Malawisuchus, and Noto-
suchus

1(1), 15(1), 22(1), 30(1)*, 51(0)*, 107(1)*, 112(1), 145(1), 146(1), 153(1)*, 169(2),
183(0), 219(1)

Mariliasuchus, Comahuesuchus, Sphagesaurus, Malawisuchus, and Notosuchus
3(1), 28(1), 67(0), 80(2)*, 103(0)*, 104(0), 182(0), 184(0), 194(1), 205(1)*

Sphagesaurus, Malawisuchus, and Notosuchus
47(1)*, 84(2), 106(0)*, 124(1), 135(0), 179(1), 214(1)*

Malawisuchus and Notosuchus
34(1)*, 59(0)*, 113(1), 114(2), 159(1)*, 210(2)*

Mariliasuchus and Comabuesuchus

5(3)%, 25(1), 45(1), 95(1), 129(1)*, 191(1)*

Baurusuchus
4(0)*, 9(1), 27(1), 33(1)*, 38(1), 41(1), 44(1), 50(1), 55(0), 57(1), 58(0), 78(0),
118(1), 121(2), 178(1), 179(2), 187(1), 190(2), 202(1)
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Neosuchia
4(2)*, 32(1), 44(1), 53(1), 56(2)*, 70(1)*, 106(2), 131(1), 135(2), 142(2)*, 157(2),
172(1)*, 190(2), 239(1)*

Sebecia

30(1)%, 51(2), 72(1)*, 79(2)*, 82(1), 90(1), 114(1), 119(1)*, 179(1)*, 193(1)*, 208(1)

Hamadasuchus, Sebecus, Stolokrosuchus, Peirosaurus, and Lomasuchus

5(2), 8(4), 49(1), 69(3), 84(1)*, 85(0)*, 92(1)*, 109(1)*, 131(2)*, 165(1)*, 167(1)*

Sebecus, Stolokrosuchus, Peirosaurus, and Lomasuchus

34(1), 86(0), 101(1), 154(1)*, 159(1)

Stolokrosuchus, Peirosaurus, and Lomasuchus

13(1), 35(2), 37(0), 87(3), 88(1), 102(1), 113(1)*, 130(2)*

Peirosaurus and Lomasuchus
212)

Mabhajangasuchidae, Pholidosauridae, and Crocodylia
29(1), 57(1), 69(2)*, 78(0), 81(1)*, 91(2), 126(1), 132(1), 134(1), 147(2)*, 160(0),
186(1), 206(1)*, 209(1)*, 241(1)*

Mahajangasuchidae
10(1), 21(2), 33(1)*, 34(1)*, 35(2)*, 37(0), 44(2), 46(1), 50(1)*, 58(3), 69(3), 107(1),
121(2)%, 143(1), 164(1), 178(1), 179(2)%, 188(0)*, 193(1)*, 198(1), 202(1)

Pholidosauridae, Bernissartia, Isisfordia, and Crocodylia
5(3), 11(1), 13(1), 18(1), 32(2), 35(3)*, 49(2), 60(1), 87(3), 100(0)*, 117(2), 130(1),
179(3)*, 190(3), 192(1), 195(1)*, 217(0), 234(1)

Pholidosauridae
8(1), 24(1)*, 71(1), 116(0), 247(1), 248(2), 250(1)

Dyrosaurus, Terminonaris, Pholidosaurus, and Sarcosuchus

4(1), 18(0)*, 23(0), 39(0)*, 66(1), 89(2), 104(0), 124(0), 170(0)*, 176(1), 247(2)

Terminonaris, Pholidosaurus, and Sarcosuchus
27(1), 37(0), 79(0)*, 80(0), 94(1)*, 96(1), 97(1), 98(1), 99(1), 149(0), 216(0)*,
232(1)

Pholidosaurus and Sarcosuchus

14(1)*, 58(1), 103(1), 147(1)*
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Laganosuchus, Bernissartia, Isisfordia, and Crocodylia
188(0)*, 200(0)

Bernissartia, Isisfordia, and Crocodylia
18(0)%, 121(2)%, 124(1)%, 169(1)%, 208(1), 215(1)%, 245(1)%, 246(2)*, 248(0)*

Isisfordia and Crocodylia
23(0), 58(1)*, 80(0)*, 126(2), 134(2), 181(0)*, 218(1), 220(1), 227(1)*

Crocodylia
30(1), 31(1)*, 51(0), 59(0), 68(1)*, 76(0)*, 126(3), 136(1)*, 142(0), 166(0), 174(1),
176(1), 210(1)*, 216(2)*, 220(2), 229(1)*, 251(0)

Brevirostres
18(1), 20(2), 119(1)*, 149(0)*, 160(1), 165(1)*, 169(0), 211(0), 223(2), 228(1),
243(2)*, 244(0)*

Alligatoroidea
35(2), 49(1), 84(1), 91(1), 113(1)*, 122(0), 127(2), 147(3)



