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ABSTRACT—The systematics and taxonomy of the large allosauroid Carcharodontosaurus are reviewed and a new
species of this theropod is described from the Late Cretaceous (Cenomanian) Echkar Formation of Niger, which is
roughly coeval with Cenomanian beds elsewhere in northern Africa. The type species, C. saharicus, was based originally
on a pair of isolated teeth from Algeria, to which was referred a partial skull and skeleton from Egypt. All of this material
was either lost or destroyed more than 50 years ago. Thus, a neotype is designated for C. saharicus, a well-preserved
cranium from the Kem Kem beds in Morocco. Newly discovered material from Niger is distinct from that of C. saharicus,
justifying the erection of a distinct southern species. C. iguidensis, n. sp. is represented by cranial (maxilla, braincase,
dentary, lacrimal, teeth) and postcranial (vertebrae) remains and grew to the same large body size as C. saharicus. The
skull displays several autapomorphies, including a laterally reduced external antorbital fossa, a maxillary anteromedial
process that is broadly arched toward the midline, a prominent horizontal crest on the medial aspect of the maxilla, and
a deeply invaginated fossa on the laterosphenoid. Unlike C. saharicus the ventral rim of the external antorbital fossa does
not protrude laterally, the anteromedial process does not demarcate a deep ventral fossa, and the frontal-lacrimal suture
is not elevated. The new material provides evidence of differentiation among Cenomanian-age faunas from the Sahara
and supports a close relationship between Carcharodontosaurus, Giganotosaurus, and Acrocanthosaurus.

INTRODUCTION

The past decade has witnessed a renewed interest in the Cre-
taceous vertebrate record of Africa. Many new taxa have been
discovered by expeditions to Morocco (Sereno et al., 1996; Rus-
sell, 1996; Monbaron et al., 1999), Tunisia (Benton et al., 2000),
Egypt (Smith et al., 2001), Niger (Sereno et al., 1998, 1999, 2004),
and South Africa (de Klerk et al., 2000). Many of these expedi-
tions have also recovered material, especially isolated teeth, re-
ferred to Carcharodontosaurus saharicus, a large theropod dino-
saur originally based on a pair of isolated teeth from Upper
Cretaceous (Cenomanian) rocks in western Algeria (Depéret
and Savornin, 1925, 1927). Despite recovery of a partial skull and
skeleton in rocks of similar age in Egypt (Stromer, 1931), the
taxon has remained enigmatic (Rauhut, 1995) because the Egyp-
tian material was destroyed in World War II (Nothdurft et al.,
2002). The recent discovery of a partial skull in eastern Morocco
pertaining to C. saharicus (Sereno et al., 1996) and several new
closely related taxa from Argentina, that together with Carcha-
rodontosaurus comprise the Carcharodontosauridae (Coria and
Salgado, 1995; Novas et al., 2005; Coria and Currie, 2006), have
begun to document a large-bodied allosauroid radiation of major
significance during the Cretaceous.

We describe new material of the genus Carcharodontosaurus
from the Cenomanian-age Echkar Formation of Niger (Fig.1).
Isolated teeth from this and other formations in Niger have long
been attributed to Carcharodontosaurus saharicus (Lapparent,

1960). The new material comes from a region called Iguidi in
central Niger (Lapparent, 1953). Important portions of the skull
are preserved that show differences with both Moroccan and
Egyptian specimens of Carcharodontosaurus saharicus. We
therefore establish a new southern species of Carcharodontosau-
rus for this material and discuss anatomical features relevant to
Carcharodontosaurus, carcharodontosaurids, and allosauroid
phylogeny in general. This description also presents for the first
time a detailed analysis of Carcharodontosaurus cranial osteol-
ogy.

Institutional Abbreviations—BMNH, British Museum of
Natural History, London; MNN, Musée National du Niger,
Niamey; MUCPv-CH, Museo de la Universidad Nacional del
Comahue, El Chocón collection, Neuquén; NCSM, North Caro-
lina Museum of Natural Sciences, Raleigh; OMNH, Sam Noble
Oklahoma Museum of Natural History, Norman; SGM, Min-
istére de l’Energie et des Mines, Rabat; UCRC, University of
Chicago Research Collection, Chicago.

SYSTEMATIC PALEONTOLOGY

DINOSAURIA Owen, 1842
SAURISCHIA Seeley, 1888
THEROPODA Marsh, 1881

ALLOSAUROIDEA Marsh, 1878
CARCHARODONTOSAURIDAE Stromer, 1931

Definition—The most inclusive clade containing Carchar-
odontosaurus saharicus Depéret and Savornin 1927, but not Sin-
raptor dongi Currie and Zhao 1993a, Allosaurus fragilis Marsh
1877, or Passer domesticus Linnaeus 1758 (Sereno, 2005; Sereno
et al., 2005).
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CARCHARODONTOSAURUS Stromer, 1931
(Figs. 2–9)

Sigilmassasaurus Russell, 1996

Diagnosis—Allosauroid theropods characterized by pro-
nounced grooved sculpturing of nearly the entire lateral surface
of the maxilla; large internal carotid and paracondylar pneuma-
tocoels (pneumatic recesses); deep funnel-shaped basisphenoid
fossa; postaxial cervical centra with low and very broad propor-
tions (nearly twice centrum height), a reniform posterior articu-
lar face, and a very well developed ventral keel that is as deep as
the centrum in some vertebrae (Fig. 9; Stromer, 1931:pl. 1, fig. 2;
Sereno et al., 1996:fig. 2D).

Holotype—Carcharodontosaurus saharicus was first described
by Depéret and Savornin (1927: 265) as a new species of Mega-
losaurus, specifically as “Megalosaurus (Dryptosaurus) sahari-
cus.” The species was erected on the basis of two teeth found
near a manmade subterranean water canal (in Arabic, a “fog-
gara”) in the vicinity of Timimoun, a small oasis in easternmost
Algeria (Depéret and Savornin, 1927:figs. 1, 2). Although from
roughly the same sandstone horizon and of comparable size, the
teeth were found 3 km from each other and almost certainly
pertain to different individuals. Both teeth are blade-shaped,
have a nearly straight posterior margin, and have pronounced
arcuate marginal enamel wrinkles. Based on their approximate
symmetry about a sagittal plane, these teeth are probably from
either the maxillary or mid dentary series (Sereno et al., 1996).
At the time they were originally described, such pronounced
marginal enamel wrinkles were unknown elsewhere among

FIGURE 1. Map of the Republic of Niger showing the locality (cross)
to the west of the oasis In Abangharit, where the type and referred
material of Carcharodontosaurus iguidensis were discovered (after
Sereno et al., 1999). Other fossiliferous areas include Gadoufaoua (Ap-
tian-Albian) and the foot of the Falaise de Tiguidi (Neocomian).

FIGURE 2. Maxillae of Carcharodontosaurus. A, C. iguidensis n. sp. (MNN IGU2), lateral view; B, C. iguidensis, medial view; C, C. saharicus (cast
of SGM-Din 1), lateral view (reversed); D, C. saharicus (cast), medial view (reversed). Abbreviations: ampr, anteromedial process; antfo, antorbital
fossa; ar, antorbital fossa ridge; cr, crest; fo, fossa; gdl, groove for the dental lamina; iad, interalveolar depression; ip, interdental plates; mf, maxillary
fenestra. Scale bars equal 15 cm.
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theropods. Teeth with similar, although often less pronounced,
enamel wrinkles have long been found elsewhere in the Sahara
(Lapparent, 1960; Benton et al., 2000).

We have observed marginal enamel wrinkles of identical form
in the broadest crowns of Giganotosaurus carolinii, although
they have yet to be figured (Coria and Salgado, 1995). Less
pronounced wrinkles have been noted in other carcharodonto-
saurids, namely Tyrannotitan chubutensis (Novas et al., 2005)
and Mapusaurus roseae (Coria and Currie, 2006). Although a
few enamel wrinkles have been described in tyrannosaurids and
certain basal tetanurans, these features are not developed to the
degree observed in several carcharodontosaurids, in which they
often extend along the entire distal margin of the crown. Enamel
wrinkles, however, are problematic as a diagnostic character at
the specific or generic level within Carcharodontosauridae, be-
cause they vary in strength and number along the tooth row and
now are known in most carcharodontosaurids.

The holotypic teeth of C. saharicus may have been originally
kept in a fossil collection in Algeria or in France (Paris, Lyon),
where C. Depéret once taught. We were unable, however, to find
any record of their existence in collections in either country. As
with several other holotypic specimens described in the early
twentieth century from the Sahara, the teeth are regarded as lost.
Thus, there are several problems with the holotypic teeth of
Carcharodontosaurus (Megalosaurus) saharicus: the two original
specimens likely pertain to different individuals; the diagnostic
characters originally cited are no longer diagnostic at the specific
or generic level; and the specimens are lost.

Neotype—Stromer (1931) emphasized the similarity of the
original teeth to teeth associated with better material from Egypt
and transferred the species to the new genus Carcharodontosau-
rus. Unfortunately, these Egyptian fossils were never cast and
were destroyed in 1944 during World War II in a British Royal
Air Force bombing raid (Nothdurft et al., 2002). More recently,
Sereno and colleagues (1996) described a well preserved skull
with teeth from Morocco that is identical to both the original
holotypic teeth and Stromer’s Egyptian material. The Moroccan
material, furthermore, was discovered near the Algerian border,
a short distance from the Algerian oasis of Timimoun, the ho-
lotypic locality of C. saharicus. In the interest of preserving the
now widely used generic and species names, Carcharodontosau-
rus saharicus, we designate this Moroccan skull below as the
neotype of this taxon.

CARCHARODONTOSAURUS SAHARICUS
(Figs. 2C,D; 8A)

Neotype—SGM-Din 1, partial cranium lacking the premaxil-
lae, squamosals, quadratojugals, quadrates, and most of the pal-
ate (Sereno et al., 1996:fig. 2).

Referred Material—SGM-Din 3, anterior cervical vertebra
(Sereno et al., 1996:fig. 2D); SGM-Din 4, anterior cervical cen-
trum; SGM-Din 5, mid cervical vertebra.

Locality and Horizon—The neotype was found east of the
oasis of Er Remlia, eastern Morocco; the neotype and referred
material are from the upper unit of the Kem Kem beds (Ceno-
manian), which have also yielded the theropods Deltadromeus
and Spinosaurus and the diplodocoid sauropod Rebbachisaurus
(Russell, 1996; Sereno et al., 1996).

Diagnosis—Carcharodontosaurid theropod with skull charac-
terized by a laterally protruding ventral margin of the maxillary
external antorbital fossa; a deep and ventrally-facing fossa be-
tween the inner wall of the maxilla and the anteromedial process;
a deep and dorsoventrally protruding lacrimal-frontal suture; an
invaginated anteromedial corner of the supratemporal fossa; and
distinct enamel wrinkles on both mesial and distal margins of
mesial (anterior) and mid maxillary crowns.

Comments—The material pertaining to C. saharicus from Mo-
rocco includes the neotype, the referred vertebral material cited
above (SGN-Din 3 through 5), as well as additional fragmentary
material that will not be reviewed here. Stromer (1934:pl. 1, fig.
2) described similarly stout cervical vertebrae from Egypt as
“Spinosaurus B,” that Sereno and colleagues (1996) later re-
ferred to Carcharodontosaurus saharicus. Similar very broad cer-
vical vertebrae were also found near the cranial material of the
new species from Niger (Fig. 9). Therefore, it is highly likely that
Carcharodontosaurus was characterized by unusually broad cer-
vical centra with a hypertrophied ventral keel.

Russell (1996), in contrast, coined a new genus and species,
Sigilmassasaurus brevicollis, for several broad cervical vertebrae
collected more recently in Morocco. The proportional differ-
ences cited by Russell (1996) to distinguish S. brevicollis from
C. saharicus, however, are based on a misinterpretation of
Stromer’s measures for Egyptian “Spinosaurus B.” As Stromer’s
material was later destroyed, all that remain are his text and
figures. Stromer appears to have included the anteriorly project-
ing ball of the centrum in his measurement of centrum length (as
determined by comparing his measurements and figures). Rus-
sell, in contrast, did not include this anterior projection, and as a
result mistakenly concluded that the Moroccan centra were pro-
portionally broader. There are now three disparate localities
(Egypt, Morocco, Niger) with cranial remains of the large-
skulled carnivore Carcharodontosaurus in association with very
similar, unusually broad cervical vertebrae. We regard this as a
noteworthy characteristic that currently distinguishes the genus.

CARCHARODONTOSAURUS IGUIDENSIS, sp. nov.
(Figs. 2A, B; 3–7; 8B; 9)

Holotype—MNN IGU2, left maxilla.
Referred Material—MNN IGU3, posterior skull roof and

braincase including most of the frontal, parietal, supraoccipital,
exoccipital-opisthotic, prootic, laterosphenoid, orbitosphenoid,
basioccipital, basisphenoid-parasphenoid, and possibly sphen-
ethmoid; MNN IGU4, right lacrimal, mid section; MNN IGU5,
left dentary, anterior end; MNN IGU 6 through 10, teeth; MNN
IGU11, mid cervical centrum.

Locality and Horizon—Echkar Formation (Cenomanian),
west of the oasis In Abangharit in an area known as Iguidi,
Republic of Niger (Fig. 1); in association with the abelisaurid
Rugops primus (Sereno et al., 2004), spinosaurid teeth tenta-
tively referred to Spinosaurus sp., unnamed rebbachisaurid and
titanosaurian sauropods, and three unnamed crocodyliforms.

Lapparent (1953) first discovered the vertebrate fossils of
Iguidi, most of which are preserved as deflation lag on outcrop
exposed between migrating dunes. The maxilla was found in situ
at the eastern edge of Iguidi, where Lapparent first encountered
fossil bone and teeth. The referred cranial material (lacrimal
fragment, braincase, anterior dentary), teeth, and cervical cen-
trum were discovered at a single locality (C29) located approxi-
mately 3 km west of the maxilla. This locality has an area of
approximately 50 m2. The braincase and dentary were found in
situ embedded in the red sandstone of the Echkar Formation.
The lacrimal fragment, teeth, and cervical centrum, in contrast,
were found in proximity but had eroded free of their original
deposit. None of the material at this locality was preserved in
articulation. The maturity of the braincase (obliterating fusion)
contrasts with the immaturity of the cervical vertebra (centrum
and neural arch disarticulated) and strongly suggests that mul-
tiple individuals are represented. Isolated teeth and vertebral
fragments that may pertain to this species are present at more
distant localities in Iguidi. The maxilla was chosen as the holo-
type because it is the most diagnostic bone preserved.

Etymology—iguidi, Iguidi; ensis, from (Latin).
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Diagnosis—Carcharodontosaurid with maxilla characterized
by a very reduced antorbital fossa limited to the proximity of the
maxillary fenestra; an anteromedial process that is broadly
arched toward the midline; and a prominent horizontal crest on
the medial aspect of the main body; braincase excavated by a
deep invaginated fossa on the anterior aspect of the laterosphe-
noid ala. C. iguidensis lacks the autapomorphies of C. saharicus,
including the laterally protruding ventral margin of the maxillary
external antorbital fossa; a well developed ventrally-facing fossa
between the inner wall of the maxilla and the anteromedial pro-
cess; a deepened and dorsoventrally protruding lacrimal-frontal
suture; an invaginated anteromedial corner of the supratemporal
fossa; a sigmoidal crest on the anterior wall of the supratemporal
fossa, and marked enamel wrinkles along most of the mesial and
distal margins of mesial (anterior) and mid maxillary crowns.

Comments—The description of the new species from Niger
depends principally on two interpretations—namely, that the
material belongs to a single species and that this species is dis-
tinct from C. saharicus. In the first case, isolated bones and teeth
are referred here to C. iguidensis because they closely match the
morphology of C. saharicus and because it is unlikely that there
would more than three contemporaneous large-bodied carni-
vores in the same formation (Rugops primus, Spinosaurus sp.,
Carcharodontosaurus iguidensis). Until there is any evidence to
the contrary, we assume that the carcharodontosaurid material
from closely spaced localities in Iguidi from the Echkar Forma-
tion pertains to a single species. Second, none of the autapomor-
phies of C. iguidensis or other differences from comparable ma-
terial of C. saharicus appear to be within the range of variation
seen in Mapusaurus roseae (Coria and Currie, 2006), which is the
only carcharodontosaurid presently known from abundant ma-
terial from the same horizon. C. iguidensis differs from C. sa-
haricus in aspects of the maxilla, braincase and dentition. Thus,
a distinct southern species appears to be at hand.

The Echkar Formation in the Iguidi region of Niger underlies
a resistant, fossiliferous shallow marine limestone that records a
transgression across broad areas of north and western Africa
(Reyment and Dingle, 1987). Regarded as late Cenomanian
through Turonian in age on the basis of its invertebrate fauna
(Ferrandini et al., 1985), this marine platform is visible from the
localities yielding Carcharodontosaurus in Iguidi in Niger and
the Kem Kem beds in Morocco (Sereno et al., 1996). As there is
no evidence of a significant hiatus prior to this transgression, we
regard the underlying Nigerienne and Moroccan terrestrial fau-
nas as roughly coeval and probably early to mid Cenomanian in
age (Sereno et al., 1996).

DESCRIPTION

Cranium

Maxilla—The main body of the left maxilla is well preserved
but lacks most of the ascending ramus, posterior end of the main
body, and all erupted teeth (Fig. 2A, B). The first eight alveoli in
the main body of the maxilla are complete and span a combined
length of 390 mm, as measured from the anterior extremity of the
maxilla (Table 1). A comparable measurement of the neotype
maxilla of C. saharicus is 470 mm. Thus, the maxilla of C.
iguidensis is only about 83 percent of the length of C. saharicus.
Other measurements between these specimens, such as the dor-
soventral depth of the maxilla above the sixth alveolus and the
depth below the groove for the dental lamina, are subequal,
suggesting that the maxilla of C. iguidensis is substantially
shorter anteroposteriorly than that of C. saharicus (Fig. 2).

Several other differences between these species are manifest
in lateral and medial views. The alveolar margin of C. iguidensis
is thicker transversely than that in C. saharicus, and the alveoli
themselves are more broadly exposed in medial view (Fig. 2B,

D). In lateral view, the ventral margin of the maxilla in C.
iguidensis is almost straight rather than noticeably convex, has
more subtle undulation of its ventral margin than C. saharicus,
and the grooved texture on its lateral surface descends nearly to
the ventral margin (Fig. 2A, C; 3C). The ventralmost foramina in
C. iguidensis are located just above the alveolar margin (Fig. 3C),
whereas in C. saharicus they are somewhat more elevated and
separated by a smooth margin (Fig. 2C). Stromer’s (1931:pl. 1,
figs. 6a, b) figures of the Egyptian maxilla are somewhat am-
biguous but appear most similar to the neotype maxilla of C.
saharicus.

In lateral view, the maxilla is heavily sculptured by distinct
subparallel ridges and grooves, the latter housing neurovascular
tracts. The general form and orientation of these grooves are
similar to that observed in C. saharicus (Sereno et al., 1996): near
the anterior end of the antorbital fossa they are curved, while
elsewhere they tend to be linear and angle somewhat anteroven-
trally (Fig. 2). Giganotosaurus (Coria and Salgado, 1995) and
some specimens of Mapusaurus (Coria and Currie, 2006) also
exhibit neurovascular grooves, but these tend to be shorter and
shallower. In contrast, a basal carcharodontosaurid from the un-
derlying Elrhaz Formation in Niger (Brusatte and Sereno, 2006)
and Acrocanthosaurus (Currie and Carpenter, 2000) do not ex-
hibit these external grooves and do not have external foramina
beyond the number typically present in Allosaurus, Sinraptor,
and most other theropods. A similar rugose surface is seen in
abelisaurid theropods (Bonaparte et al., 1990; Sampson et al.,
1998; Lamanna et al., 2002; Sereno et al., 2004), but this appears
to have arisen independently.

In lateral view, the main body decreases in depth posteriorly as
in C. saharicus, Mapusaurus, and most theropods. Giganotosau-
rus differs in this regard, maintaining a relatively constant depth
under the antorbital opening (Coria and Salgado, 1995). The
anterior ramus is proportionately short as in other carcharodon-
tosaurids. The straight articular surface for the premaxilla is in-
clined posterodorsally at approximately 60 degrees and beveled
anteromedially. In C. saharicus a tab-like flange extends anteri-
orly on the medial side of the premaxillary articular surface and
would have medially overlapped the posterior margin of the pre-
maxilla (Fig. 2D). In C. iguidensis the homologous structure is
developed only as a rugose swelling (Fig. 2B). The articular sur-
face for the posterolateral process of the premaxilla is marked by
a pair of depressions and foramina (Fig. 3B), whereas in C. sa-
haricus this surface is flat. The maxilla of C. iguidensis does not
appear to have participated in the margin of the external naris.

The ventral portion of the external antorbital fossa is very
reduced in C. iguidensis, an autapomorphy of the new species. It
is limited to a small area posterior to the maxillary fenestra, the
ventral margin of which is preserved (Fig. 3A, B, antfo). Poste-
rior to this area, the antorbital fossa tapers rapidly and a vertical
flange rises with a textured lateral surface that clearly lies outside
the pneumatic space of the fossa (Fig. 3A, fl). Farther posteriorly
the fossa is present again, but only as a narrow, smooth band that
is broadly exposed only in dorsal view. In C. saharicus (Sereno et

TABLE 1. Carcharodontosaurus iguidensis, measurements (mm) of
left maxilla (MNN IGU2).

Alveolus 1, maximum anteroposterior diameter 36
Alveolus 2, maximum anteroposterior diameter 42
Alveolus 3, maximum anteroposterior diameter 45
Alveolus 4, maximum anteroposterior diameter 45
Alveolus 5, maximum anteroposterior diameter 44
Alveolus 6, maximum anteroposterior diameter 47
Alveolus 7, maximum anteroposterior diameter 44
Alveolus 8, maximum anteroposterior diameter 45
Alveolus 1–8, maximum anteroposterior length 390
Floor of maxillary antrum to alveolar margin (alveolus 3), depth 190
Floor of maxillary fenestra to alveolar margin (alveolus 6), depth 188
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al., 1996; Fig. 2C), Giganotosaurus (Coria and Salgado, 1995) and
Mapusaurus (Coria and Currie, 2006), in contrast, the ventral
margin of the fossa is maintained as a narrow band along the
length of the fenestra. The protruding ventral rim of the antor-
bital fossa that characterizes C. saharicus (Fig. 2C) is not devel-
oped in C. iguidensis (Fig. 2A), in which the comparable region
is gently depressed (Fig. 2A).

In dorsal view, the broken base of the anterodorsal process
exposes the antorbital sinus region to view (Fig. 3B). The sinus is
divided into two chambers (anterior and posterior) by a 10-mm
thick, sinuous web of bone. Anatomical identification of these
chambers is difficult and not without ambiguity. Likely they rep-
resent the promaxillary recess and maxillary antrum, respec-
tively. The anterior chamber inflates the anteromedial process as

does the promaxillary recess in other theropods (Witmer, 1997).
The posterior chamber opens posterolaterally via an accessory
antorbital fenestra, which is identified here as the maxillary fe-
nestra based on comparison to C. saharicus. In C. saharicus (Fig.
2C), the promaxillary fenestra is autapomorphically absent, and
the maxillary fenestra opens anteromedially into a large maxil-
lary antrum whose morphology is nearly identical to the poste-
rior chamber of C. iguidensis.

In C. iguidensis, the anterior chamber is 55 mm long antero-
posteriorly, whereas the posterior chamber is 115 mm long. As in
C. saharicus (Fig. 2D), the chambers are closed medially by a
lamina of bone extending from the anteromedial process. An-
other lamina of bone encloses the chambers dorsally but is only
partially preserved. At least one, or possibly several, foramina
appear to communicate between the anterior chamber and the
narial region, but their exact course is obscured by matrix. Two
large foramina open in the floor of the posterior chamber, but
their paths are uncertain.

In medial view, the maxilla of C. iguidensis has a strong, fluted
anteromedial process for contact with the opposing maxilla and
vomer. This process is particularly broad and inflated by the
anterior chamber of the antorbital sinus (Fig. 2B, 3B). Unlike in
C. saharicus, the process is arched and open in medial view and
does not overhang a marked fossa (Fig. 2B, D). The interdental
plates are deep and strongly fused as in most theropods. Al-
though there is subtle vertical texture in places, the marked lon-
gitudinal striations that characterize abelisaurids are absent
(Carrano et al., 2002; Rauhut, 2004b). The groove for the dental
lamina is set high on the main body of the maxilla, above which
is a strong crest (Fig. 2B). Anteriorly, this ridge curves dorsally,
where it joins the anteromedial process. This contrasts with the
condition in C. saharicus (Fig. 2D), in which a more subdued
medial crest dissipates before reaching the anteromedial process.
Vertical interalveolar depressions are present below and above
the groove for the dental lamina in both species, indicating that
the crypts for replacement teeth extend throughout the body of
the maxilla (Fig. 2B, D).

The anterior eight and portions of the ninth through the elev-
enth alveoli are preserved. None of the alveoli house functioning
or replacement teeth that are about to erupt. The first alveolus is
the smallest (Table 1), while the others are large, comparable in
size, and aligned along a gentle curve in ventral view.

Lacrimal—What appears to be the mid-section of the right
lacrimal is preserved (MNN IGU4). This bone is pneumatic and
has a flat external surface marked by narrow vascular grooves
reminiscent of those on the lacrimal of C. saharicus (Sereno et
al., 1996:fig. 2A). Few other comparisons can be made given the
small portion preserved.

Frontal—The subtriangular frontal (Fig. 4, 5) is completely
fused along its posterior half to its counterpart and to the pari-
etals posteriorly, as usually occurs in large theropods such as C.
saharicus, Giganotosaurus (Coria and Currie, 2002), Acrocantho-
saurus (Stovall and Langston, 1950; OMNH 10146), and Tyran-
nosaurus (Brochu, 2002). The anterior tip of each frontal is sepa-
rated by a narrow median gap. In ventral view, the interfrontal
suture is present anteriorly and disappears posteriorly as it
reaches the depression for the olfactory bulbs at mid length. An
apparently similar separation of the frontals in dorsal view (Fig.
5A) is in reality a fracture that has followed the open ventral
portion of the suture. Other sutural contacts of the frontal are
open, including those for the postorbital and lacrimal laterally
and the laterosphenoid and orbitosphenoid ventrally. The bone
is transversely widest where it would have contacted the postor-
bital. More anteriorly, the fused frontals measure 135 mm from
one lacrimal contact to the other and 150 mm in length, mea-
surements that are identical to those in C. saharicus (SGM-
Din 1).

In dorsal view, the surface of the frontal is smooth and rela-

FIGURE 3. Close-up views of the maxilla of Carcharodontosaurus
iguidensis n. sp. (MNN IGU2). A, ventral margin of the external antor-
bital fossa in lateral view; B, antorbital sinuses in dorsal view; C, ventral
alveolar margin in lateral view. Abbreviations: ach, anterior chamber;
antfo, antorbital fossa; f, foramen; fl, flange; mf, maxillary fenestra; pch,
posterior chamber. Scale bars equal 5 cm.
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tively flat but forms a shallow, broadly rounded sagittal crest
along its anterior half, as in C. saharicus (Fig. 5A, B). Posteriorly,
the frontals participate in the supratemporal fossae, forming
much of their anterior walls. The supratemporal fenestrae would
have been anteroposteriorly short and widely separated on the
midline; dorsal exposure of the supratemporal fossa is limited,
because the anterior wall slopes at approximately 45 degrees
posteroventrally, as in C. saharicus and Giganotosaurus (Coria
and Currie, 2002). This differs from the condition in Allosaurus
(Madsen, 1976), Sinraptor (Currie and Zhao, 1993a), and other
basal theropods, in which the anterior portion of the fossa is
developed as a broad depression on the dorsal surface of the
frontal.

Anteriorly, the broken nasal processes begin to diverge from
the midline in ventral view, indicating that they were separated
by processes of the nasals. Laterally, rugose articular surfaces for
the lacrimal and postorbital meet above the orbit, clearly exclud-
ing the frontal from the orbital margin, as in C. saharicus, Gi-
ganotosaurus, Mapusaurus, and Acrocanthosaurus. In contrast,
at least a small frontal contribution to the rim is present in Allo-
saurus, Sinraptor, Monolophosaurus (Zhao and Currie, 1993),

spinosaurids (Sues et al., 2002), and most other theropods. A
deep subconical pit is present near the posterior end of the lac-
rimal suture (lateral view) and anterior margin of the orbital
fossa (ventral view). In Allosaurus, a similar pit accommodates
the posterior end of the prefrontal. In C. saharicus, in contrast,
the lacrimal and prefrontal are completely coossified, and the
prefrontal is manifest only as a conical process of the lacrimal,
which inserts deep into the frontal pit. A small portion of the
conical process preserved in articulation with the pit on the right
frontal indicates that C. iguidensis likely had a condition similar
to C. saharicus.

Ventrally, the frontal is marked by rugose attachment scars for
the laterosphenoid and orbitosphenoid. Between opposing scars
for these bones are two tear-drop-shaped depressions for the
olfactory bulbs. Although a pair of shallow parasagittal grooves
for the olfactory tracts are present, they are not as distinct as
those seen in troodontids (Currie, 1985), therizinosauroids
(Kirkland et al., 2005), and oviraptorosaurs (Osmólska, 2004).

Three principal differences are apparent between the frontals
of C. iguidensis and C. saharicus, the latter probably exhibiting
the derived condition. The articulation for the prefrontal process

FIGURE 4. Stereopairs (A) and line drawing (B) of the braincase of Carcharodontosaurus iguidensis n. sp. (MNN IGU3), in left anterolateral view.
Abbreviations: bsf, basisphenoid flange; bsr, basisphenoid recess; bss, basisphenoid sinus; bt, basal tubera; cn IV, V, VII, foramen for cranial nerves
IV, V, VII; fo, fossa on the laterosphenoid ala; gr, groove for the stapes; ica, foramen for the internal carotid artery; ls, laterosphenoid; mef, metotic
fissure; os, orbitosphenoid; popr, paroccipital process; pp, preotic pendant; se, septum; st, strut dividing separate openings for branches of the
trigeminal nerve. Scale bars equal 5 cm. Cross-hatching indicates broken bone.
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of the lacrimal is extraordinarily deep in C. saharicus (65 mm), its
dorsal margin arching well above the orbit in lateral view. The
same contact in the comparably-sized skull of C. iguidensis
measaures only 35 mm in depth. Second, the anteromedial cor-
ner of the supratemporal fossa is deeply invaginated in C. sa-
haricus, but forms a near vertical, broadly arched wall in C.
iguidensis. Third, a crest that extends across the anterior wall of
the supratemporal fossa, possibly for muscle attachment, is S-
shaped in C. saharicus but broadly C-shaped in C. iguidensis
(Fig. 5A, B, cr).

Parietal—Only the ventral portion of the parietal is preserved
(Fig. 5A, B). All of the sutural contacts of the parietal to adjacent
bones are fused, and much of its dorsal surface and posterolat-
eral processes are broken away. Ventrally, the parietal forms the
central roof of the endocranial cavity.

Braincase—Most of the central portion and left side of the
braincase are preserved, including an undistorted endocranial
cavity (Figs. 4, 5). The ventral and lateralmost portions are bro-
ken away. Except for some of the frontal contacts, all braincase
sutures are coossified, suggesting that this individual was an
adult. Thus, bones are identified below by landmarks rather than

sutures. In general, the braincase is very similar to the nearly
complete braincases of C. saharicus (SGM-Din 1; Sereno et al.,
1996), Giganotosaurus (Coria and Currie, 2002), and Acrocan-
thosaurus (OMNH 10146; Stovall and Langston, 1950). The fo-
ramen magnum is relatively small (30 mm wide, 25 mm deep)
compared to the occipital condyle (approximately 60 mm in di-
ameter). The braincase is highly pneumatic, with many passage-
ways and fossae.

The posteroventrally-inclined supraoccipital is completely
fused to the parietal dorsally and laterally and to the exoccipital-
opisthotic ventrally. The supraoccipital is incomplete dorsally,
preventing determination of the pronounced nuchal process that
characterizes C. saharicus and Giganotosaurus. Two foramina
for the dorsal head vein (vena capitis dorsalis) open posteriorly
above the dorsal margin of the foramen magnum, presumably
along a coossified suture (Fig. 5B). The foramina are separated
by a low, midline ridge, the more pronounced dorsal extension of
which is broken away. The dorsal rim of the foramen magnum
has a sharp lip that projects posteroventrally. The contribution of
the supraoccipital to the margin of the opening cannot be deter-
mined. Based on other tetanurans, it is unlikely that this element

FIGURE 5. Photographs and line drawings of the braincase of Carcharodontosaurus iguidensis n. sp. (MNN IGU3) in dorsal (A) and posterior (B)
views. Abbreviations: bo, basioccipital; cr, crest; dhv, foramen for the dorsal head vein (vena capitis dorsalis); fo, fenestra ovalis; fm, foramen
magnum; f, frontal; ls, laterosphenoid; oc, occipital condyle; p, parietal; pi, pit for articulation of the prefrontal or prefrontal process; pn, pneumatic
opening; popr, paroccipital process; pr, prootic; so, supraoccipital; stf, supratemporal fossa. Scale bars equal 5 cm. Cross-hatching indicates broken
bone. Line with arrow denotes position of paracondylar pneumatocoel, which cannot be seen in this view.
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would have reached the occipital condyle, as shown in Gigano-
tosaurus (Coria and Currie, 2002:fig. 5).

The basioccipital forms most of the subspherical occipital con-
dyle, the central axis of which projects posteroventrally (with the
frontals held horizontal). Traces of the suture with the pedicels
of the exoccipital-opisthotic are present on each side and possi-
bly across the condyle posteriorly. If this interpretation is cor-
rect, the pedicels of the exoccipitals join in the midline and ex-
clude the basioccipital from the foramen magnum, unlike the
condition in Allosaurus (Madsen, 1976). The condition in other
carcharodontosaurids, including Acrocanthosaurus, is poorly es-
tablished due to similar obliterating fusion.

Laterally, a large pneumatopore approximately 15 mm in di-
ameter opens medially into the neck of the occipital condyle
(Fig. 5B). This opening is tucked behind the pendant flange of
the basisphenoid and is clearly visible only in posterolateral
view. These paracondylar pneumatocoels lead to a parasagittal
cavity below the endocranial cavity, that is divided posteriorly
from its opposite by a thin sagittal septum. Similar basioccipital
paracondylar pneumatopores are present in C. saharicus and
Giganotosaurus (Coria and Currie, 2002). According to Rauhut
(2004a), this pneumatopore may be an elaboration of the sub-
condylar recess, which is present in many non-allosauroid thero-
pods.

The basal tubera descend abruptly from the neck of the oc-
cipital condyle. They project posteroventrally (with the frontals
held horizontal) as a relatively flat sheet, with a shallow median
pit and depression. The angle of descent is similar in Giganoto-
saurus (Coria and Currie, 2002). In Acrocanthosaurus, in con-
trast, the tubera descend vertically, have a narrower posterior
surface, and are divided by a median trough (OMNH 10146).
Distally, the tubera in C. iguidensis extend below the level of the
occipital condyle, their knob-shaped distal ends separated by a
web of bone with an arched ventral margin as in C. saharicus.
Furthermore, the tubera are wider than the transverse diameter
of the occipital condyle as in most theropods, not narrower as in
Allosaurus, Sinraptor, and Acrocanthosaurus.

The central and posterior portions of the basisphenoid are
preserved, whereas the basipterygoid processes and parasphe-
noid are broken away. This breakage exposes the posterior and
lateral walls of a deep, inverted funnel-shaped basisphenoid re-
cess (Fig. 4), a feature shared with C. saharicus and Acrocantho-
saurus. Although the condition in Giganotosaurus and Mapusau-
rus remains uncertain due to incomplete preservation, the hy-
pertrophied form of the basisphenoid recess may eventually
prove to characterize all carcharodontosaurids (Sereno et al.,
1996). The dorsal portion of the funnel-shaped recess is divided
into anterior and posterior chambers by a thin transverse sep-
tum, the edges of which are preserved (Fig. 4, se). The anterior
chamber appears to open anteriorly under the parasphenoid.
The posterior chamber opens dorsally into the partially divided
median space, into which also open the paracondylar pneuma-
topores that pierce the neck of the occipital condyle.

Lateral to the basipterygoid recess is another vertical inverted
funnel-shaped pneumatic space that leads dorsally to the fora-
men for the internal carotid artery (Fig. 4, ica). Termed the
lateral basisphenoid depression by Chure and Madsen (1996,
1998), this pneumatocoel is broadly exposed in lateral view. It
surrounds the passage of the internal carotid artery, which enters
the pituitary fossa dorsally via a small foramen. A rectangular
flange of the basisphenoid forms the posterior edge of the ca-
rotid pneumatocoel (Fig. 4, bsf). Although hanging free in this
specimen as a result of breakage, this flange is joined to the
ventral margin of the paroccipital process and terminates above
the basal tuber in Acrocanthosaurus and C. saharicus.

The middle portion of the floor of the endocranial cavity is
divided by a low, sharp median ridge about 2 cm in length (emi-
nentia medullaris of Huene 1907-1908), which is flanked by a

groove on each side. This ridge and grooves are absent in C.
saharicus, but similar structures have been reported in Piatnitz-
kysaurus (Rauhut, 2004a), a braincase possibly referable to
Stokesosaurus (Chure and Madsen, 1998), and dromaeosaurids
(Currie, 1995; Norell et al., 2004).

The fully coossified exoccipital-opisthotic forms the lateral
and ventral margins of the foramen magnum (Fig. 5B). In pos-
terior view, the exoccipitals are flat to each side of the foramen
magnum and lack the shallow depressions seen in many coelu-
rosaurs (Currie and Zhao, 1993b; Currie, 1995; Makovicky and
Norell, 1998; Norell et al., 2004). A dorsolateral ridge on the
exoccipital-opisthotic supports the occipital condyle neck. Ven-
tral to this ridge, and lateral to the condyle, three foramina open
into a groove, as best seen on the right side. These include two
posterodorsal foramina for the exit of the hypoglossal (XII)
nerve, which open laterally through the pedicle of the exoccipi-
tal-opisthotic, as in Giganotosaurus (Coria and Currie, 2002).
More anteriorly, a larger foramen (jugular foramen) allows pas-
sage of the jugular vein and the vagus (X) and accessory (XI)
nerves. The metotic strut that separates the jugular foramen
from the adjacent fenestra ovalis is broken away. This partition,
usually formed from both the exoccipital-opisthotic and prootic,
is visible only on the roof of the combined openings.

The deep, platelike paroccipital process is preserved only on
the left side and is broken distally and ventrally, but would have
extended farther ventrally than the foramen magnum, as in C.
saharicus, Giganotosaurus, Acrocanthosaurus, Sinraptor, and
Monolophosaurus. It would have joined the basisphenoid flange
below the ear region and continued as a web of bone to the
lateral margin of the basal tuber (Fig. 4), as best preserved in C.
saharicus (SGM-Din 1). This web of bone completely separates
the otic region and its openings from the occiput. Coria and
Currie (2002) have recently misinterpreted this region on the
basis of an incomplete braincase of Giganotosaurus. Although
they noted that the paroccipital processes and basisphenoid are
broken ventrally, they claimed that in both Carcharodontosaurus
and Giganotosaurus the fenestra ovalis opens onto the occiput,
citing this configuration as a synapomorphy. They stated that the
otic region is visible in posterior view of the braincase due to
“enlargement of the jugular foramen” and “reorientation of the
metotic fissure and fenestra ovalis onto the occiput” (Coria and
Currie, 2002:fig. 7, p. 802, 808–809). In C. saharicus and C. igui-
densis, this is clearly not the case. The structure and orientation
of the otic region is typical of that in dinosaurs in general. On the
left side of the braincase in C. iguidensis, the base of the paroc-
cipital obscures the otic region in posterior view; even so it
should be borne in mind that the ventral margin of the process is
broken away (Fig. 5B). On the right side, the entire paroccipital
process is broken away; even so the fenestra ovalis is not exposed
but rather opens along the axis of the paroccipital process—
posterolaterally and ventrally.

The axis of the paroccipital process angles about 45 degrees
both ventrolaterally (in posterior view) and posterolaterally (in
dorsal view) (Fig. 5). Consequently, the head and articular con-
dyles of the quadrate may have articulated far posterior to the
foramen magnum, as in C. saharicus and Giganotosaurus. The
broken base of each paroccipital process reveals spongy bone
with no development of the pneumatic spaces that are often
present in coelurosaurs (Kurzanov, 1976; Clark et al., 1994; Sues,
1997; Makovicky and Norell, 1998; Brochu, 2002; Norell et al.,
2004). The dorsal margin is rugose and pitted for articulation
with the posterolateral wing of the parietal and the squamosal
(Fig. 4). The preserved portion of the paroccipital process is
relatively planar (about 10 mm thickness) as in Acrocanthosau-
rus (OMNH 10146) and shows no sign of distal twisting as occurs
in some coelurosaurs (Currie, 1995; Norell et al., 2004).

A ridge on the anterior side of the exoccipital-opisthotic gains
in strength as it passes anteromedially to join the ventral margin
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of the laterosphenoid. Ventral to this crest and inset lies the
stapedial groove, which leads anteromedially to the fenestra ova-
lis (Fig. 4, gr). One fossa that may represent a pneumatic exten-
sion of the middle ear is located immediately above the jugular
foramen, which is visible in posterolateral view of the braincase
wall. Both C. saharicus and Acrocanthosaurus (OMNH 10146)
have a similar fossa; the condition in Giganotosaurus was not
described and remains unknown (Coria and Currie, 2002).

The prootic forms the anterior portion of the fenestra ovalis
and borders foramina for the trigeminal (V) and facial (VII)
nerves. The trigeminal foramen is about twice the size of the
facial foramen and is located immediately anterodorsal to the
latter, separated by a flattened septum. The two foramina are
located within a single fossa, and the intervening septum is inset
medially within the fossa (Fig. 4). In contrast, the fossa is shal-
lower and the septum more superficial in C. saharicus, Acrocan-
thosaurus, and possibly Giganotosaurus (Coria and Currie
2002:fig 7). The inset septum is preserved on both sides of the
braincase of C. iguidensis. Both trigeminal and facial foramina
are located ventral to the nuchal process; a posterior position of
these foramina has been regarded as a synapomorphy linking
Carcharodontosaurus and Giganotosaurus (Coria and Currie
2002). The foramina are located anterior to the nuchal process in
Acrocanthosaurus.

The trigeminal foramen is divided laterally by a strut of bone
(Fig. 4, st), separating a dorsal portion for the ophthalmic branch
(CN V1) from a larger ventral foramen for maxillary and man-
dibular branches (CN V2, 3). The strut has an anteroventral-
posterodorsal orientation and is broken on both sides. The more
complete left side preserves the broken bases of what may be a
complete bridge of bone over the trigeminal opening. Neither C.
saharicus, Giganotosaurus, nor Acrocanthosaurus (OMNH
10146) show similar separation of the trigeminal opening, al-
though a second specimen of Acrocanthosaurus appears to have
a completely divided foramen (NCSM 14345; P. Currie, pers.
comm., February, 2006). The dorsal foramen in C. iguidensis
exits anterolaterally not directly anteriorly as in some other di-
nosaurs with a divided trigeminal opening. Incipient bisection of
the trigeminal foramen is present in Sinraptor (Currie and Zhao,
1993a) and Dubreuillosaurus (Allain, 2002). Separation by a
complete septum is present in Allosaurus, Piveteausaurus (Ta-
quet and Welles, 1977), and several coelurosaurs (Currie, 1985;
Sues, 1997; Brochu, 2002).

The smaller facial foramen opens posterolaterally, and is sepa-
rated from the trigeminal foramen by a narrow septum. In most
theropods the facial nerve (CN VII) exits via a single foramen.
However, two exits were described in Acrocanthosaurus: a dorsal
foramen for the hyomandibular branch and a ventral foramen
for the palatine branch (Franzosa and Rowe, 2005). In C. igui-
densis, the internal side of the facial foramen on the wall of the
endocranium is divided, with a smaller posterodorsal foramen
passing into the middle ear cavity and a larger foramen exiting
under the trigeminal opening. It is possible that the smaller fo-
ramen accommodated the chorda tympani, which passes through
the middle ear cavity. It may exit laterally via a separate small
foramen, which is preserved on both sides posterolateral to the
trigeminal openings. This small foramen is obscured in lateral
view by an overhanging ridge but is located near the upper end
of the strut that divides the trigeminal opening (Fig. 4, st).

A preotic pendant (�crista prootica and ala basisphenoidalis
of some authors) is preserved on the right side lateral to the
pneumatized passage of the internal carotid artery; only the base
of the process is present on the left side (Fig. 4). In medial view
on the sidewall of the endocranium, the prootic contributes to
the rounded rim of the floccular recess, which is bordered dor-
sally by a foramen for the dorsal head vein, which opens through
the supraoccipital. Ventral to the floccular recess, the exits for

the facial and vestibulocochlear (VIII) nerves lie within a shal-
low acoustic fossa, which is partially obscured by a fracture.

The laterosphenoid forms the anterolateral wall of the brain-
case. It is best preserved on the left side, which is lacking only the
distal articular head (Fig. 4). The optic (II) and oculomotor (III)
nerves exited anterolaterally via large foramina, the former an-
terior to the latter. Dorsally, the laterosphenoid arches laterally
and expands into a transversely oriented ala (�capitate pro-
cess), the anterior surface of which is more deeply pocketed in C.
iguidensis than in C. saharicus (SGM-Din 1). The dorsal portion
of the fossa is invaginated with a sharp anterior rim. The fossa
extends approximately 10 mm dorsal to this rim.

The orbitosphenoid is fused to its opposite on the midline
ventral to the olfactory bulbs and attaches to arcuate rugosities
on the frontal (Fig. 4). The orbitosphenoid houses the cerebrum
and is pierced by a foramen for the trochlear (IV) nerve. This
foramen is larger on the right side than the left but still smaller
than the other cranial nerve openings. The anterior portion of
the orbitosphenoid is most complete on the right side, where
there is preserved the dorsal portion of a fossa just below the
flared openings for the olfactory tracts, as in C. saharicus. This
portion of the bone may pertain to the sphenethmoid (Currie,
1997).

Lower Jaw

Dentary—A fragment of the anterior end of a very robust left
dentary (Fig. 6) is referred to C. iguidensis based on its proximity
to the holotypic locality and clear carcharodontosaurid affinity
(Fig. 6). The first four and part of the fifth alveoli are preserved.
The first two alveoli are small and nearly circular, whereas the
third and fourth alveoli are larger and oval (Table 2). No teeth
are preserved.

Several features of the dentary are uniquely shared with other
carcharodontosaurids. The anterior end of the dentary has a
squared profile as a result of anterodorsal and anteroventral
processes (Fig. 6, adpr, avpr). A similar squared profile is also
present in Giganotosaurus (Calvo and Coria, 2000), Acrocantho-
saurus (NCSM 14345), and Tyrannotitan (Novas et al., 2005), and
contrasts with the more rounded corners present in most thero-
pods. Additionally, an anteroventral flange (Fig. 6, vpr) gives the
dentary a ‘chin,’ which is present in Giganotosaurus and Acro-
canthosaurus but apparently not in Tyrannotitan. Medially, the
dentary symphysis in C. iguidensis, Giganotosaurus, and Acro-
canthosaurus is reinforced by a discrete articular brace (Fig. 6C,
abr), a raised, flattened process that articulates against its oppo-
site in the midline. The high angle between the symphyseal sur-
face and medial aspect of the dentary ramus clearly indicates that
the symphyseal region was broad and rounded in dorsal view
(Fig. 6D). A rounded symphyseal dentary arcade is characteristic
of Giganotosaurus, Acrocanthosaurus and Tyrannotitan and dif-
fers from the narrow V-shaped arcades of many theropods, in-
cluding some with broadened upper arcades such as tyrannosau-
rids.

In lateral view, the dentary is rugose, and is pierced by several
neurovascular foramina (Fig. 6A). The largest foramina are lo-
cated ventral to the alveolar margin and appear to form a linear
series with exit grooves coursing dorsally. The posterior three
are joined by a smooth external groove, which appears to have
accommodated a large communicating branch. The posterior fo-
ramina in this series diverge from the alveolar margin, the most
posterior possibly located just above mid-height of the dentary
ramus. This ventrally deflected vascular groove is also present in
Giganotosaurus (Calvo and Coria, 2000) and Neovenator (Naish
et al., 2001), and differs from the more linear and elevated
groove in Allosaurus, Sinraptor, and most theropods. A second
series of foramina of smaller size are present posterodorsal to the
anteroventral process. Like the other series, these foramina also
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have grooves that exit dorsally. In between these two rows are
other foramina, some of which have divided, or V-shaped, exit
grooves.

In medial view, a thickened band of the dentary lies between

the fused interdental plates and Meckel’s canal ventrally (Fig.
6B, C).The dental lamina lies deep within a groove along the top
margin of the thickened band. This groove is enclosed by a roof
of bone and pierced by several foramina from the third alveolus

FIGURE 6. Photographs and line drawings of the anterior end of the left dentary of Carcharodontosaurus iguidensis n. sp. (MNN IGU5). A, lateral
view; B, medial view; C, anteromedial view; D, dorsal view. Abbreviations: abr, articular brace; adpr, anterodorsal process; avpr, anteroventral
process; d1-5, alveoli for dentary teeth 1-5; f, foramen; gdl, groove for the dental lamina; mg, Meckel’s groove; sym, symphysis; sym ax, symphyseal
axis (sagittal); vg, vascular groove; vpr, ventral process (“chin”). Scale bar equals 3 cm. Solid line in D indicates the plane of the dentary symphysis.
Cross-hatching indicates broken bone, gray shade denotes matrix, and dashed lines show the projected continuation of broken bone.
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anteriorly (Fig. 6B). The roofed anterior portion curves dorsally,
terminating along the posterior edge of the anterodorsal process.
As a result, the interdental plates are dorsoventrally shallow
anteriorly, but become progressively deeper posteriorly. Meck-
el’s canal is present as a deep trough above the ventral margin of
the dentary, and is deeply inset approximately 10 mm into the
main body of the bone. It passes anteriorly into an oval foramen
just posterior to the articular brace (Fig. 6B). A groove continues
anteroventrally, passing between the articular brace and the an-
teroventral process.

Dentition

Crown—Several isolated teeth are referred to C. iguidensis, all
of which were discovered in the vicinity of the holotypic locality
(MNN IGU6-10). The crown, which is very similar to that in C.
saharicus and Giganotosaurus, is blade-shaped with a distal mar-
gin that is only slightly recurved and often accompanied by ar-
cuate enamel wrinkles. Although such wrinkles are also seen in
some of the largest and most mature tyrannosaurids and certain
basal tetanurans, they are more distinct and widespread along
the tooth row in carcharodontosaurids, including Giganotosau-
rus and Tyrannotitan. However, in C. iguidensis the enamel
wrinkles are never as numerous or well-developed as in the neo-
type of C. saharicus (Sereno et al., 1996), where they occur along
most of the mesial and distal margins. In C. iguidensis the
wrinkles are most visible toward the base of the distal carina
(Fig. 7). On the distal carina, there are approximately 16 serra-
tions every 5 mm at the crown base and 10 at the crown tip; on
the mesial carina there are 13 and 9 every 5 mm, respectively.

The denticles are unilobate, not bilobate as in Tyrannotitan (No-
vas et al., 2005).

Endocast—The well-preserved interior of the braincase was
split roughly in half when discovered, allowing for a direct ob-
servation of the endocranial cavity and molding for an endocast
(Fig. 8B). The preserved portion of the endocast is 21 cm in
length from the foramen magnum to the preserved end of the
olfactory tract. With the skull roof held horizontal, the main axis
of the endocast from cerebrum to cerebellum angles approxi-
mately 45 degrees posteroventrally. The olfactory tract and the
brainstem at the foramen magnum are roughly horizontal, the
former elevated above the latter as in C. saharicus (Larsson et
al., 2000; Larsson, 2001) and Allosaurus (Hopson, 1979; Rogers,
1999). Compared to the endocast of C. saharicus, that of C.
iguidensis has a distinctly broader cerebrum that is 15% greater
in volume (Fig. 8), a feature that does not appear to be the result
of crushing or distortion (Fig. 8A, B). Because the skulls of these
species appear to be roughly similar in size, the larger cerebral
volume in C. iguidensis is surprising. The difference, however,
remains considerably less than the expanded cerebral volume
measured in the comparably-sized coelurosaur Tyrannosaurus
(Larsson et al., 2000).

Postcranium

Cervical Centrum—A single postaxial cervical centrum is pre-
served (Fig. 9). Its extremely low and broad proportions, hori-

TABLE 2. Carcharodontosaurus iguidensis, measurements (mm) of
left dentary (MNN IGU5).

Alveolus 1, maximum anteroposterior diameter 26
Alveolus 2, maximum anteroposterior diameter 28
Alveolus 3, maximum anteroposterior diameter 34
Alveolus 4, maximum anteroposterior diameter 34
Alveoli 1–4, maximum anteroposterior length 390
Anterior end, depth 140
Symphysis, width 34

FIGURE 7. Isolated crown of Carcharodontosaurus iguidensis n. sp.
(MNN IGU6) in lateral view. Abbreviations: wr, wrinkles in enamel.
Scale bar equals 3 cm.

FIGURE 8. Endocasts of Carcharodontosaurus in dorsal view. A, C.
saharicus (SGM-Din 1); B, C. iguidensis n. sp. (MNN IGU3). Abbrevia-
tions: cer, cerebrum; cn V, trigeminal nerve; ob, olfactory bulb; dhv,
dorsal head vein (vena capitus dorsalis). Scale bar equals 5 cm.
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zontal profile, kidney-shaped posterior articular surface (Fig.
9D), strong opisthocoely, and projecting ventral keel (Fig. 9A,
C) closely resemble a vertebra from Morocco referred to C.
saharicus (Sereno et al, 1996, fig. 2D) and another described by
Stromer (1934:pl. 1, fig. 2) from Egypt. The extremely low and
broad proportions are most easily measured on the rim of the
posterior face, where centrum height is only slightly more than
half (55) centrum width (Table 3).

In anterior view, the bulbous anterior end of the ventral keel
forms a prominent hypapophysis that projects strongly below the

FIGURE 9. Photographs and line drawings of a cervical centrum of Carcharodontosaurus iguidensis n. sp. (MNN IGU11). A, ventral view; B, dorsal
view; C, lateral view; D, posterior view. Abbreviations: ana, articular surface for the neural arch; hy, hypapophysis; k, ventral keel; nc, neural canal;
pa, parapophysis; pc, pleurocoel. Scale bar equals 5 cm. Cross-hatching indicates broken bone.

TABLE 3. Carcharodontosaurus iguidensis, measurements (mm) of
cervical centrum (MNN IGU11).

Anteroposterior length (without anterior centrum face) 116
Anteroposterior length (with anterior centrum face) 90
Posterior centrum face, width 115
Posterior centrum face, height in midline 63
Depth of keel at mid length 20
Depth of centrum without keel at mid length 20
Maximum diameter of the parapophysis 35
Maximum diameter of the pleurocoel 21
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dorsoventrally and transversely convex anterior articular face of
the centrum (Fig. 9C). The keel is particularly well developed,
equaling the depth of the remainder of the centrum. Anteriorly,
the keel and centrum are separated by a shallow articular trough
that received the ventral rim of the preceding vertebra (Fig. 9A).
This trough is transversely convex, allowing the preceding ver-
tebra to rotate from side to side and remain in articulation, but
not to rotate farther ventrally.

In posterior view, the centrum is deeply concave and slightly
reniform in shape, as the dorsal rim is slightly concave near the
midline (Fig. 9B). In lateral view, the ventral margin of the cen-
trum is nearly straight and formed by the strong ventral keel. The
anterior face of the centrum is elevated somewhat above the
posterior articular face. The oval parapophysis is located antero-
ventral to the smaller pleurocoel (Fig. 9C), and exposed equally
in ventral and lateral views (Fig. 9A, C). In dorsal view, the scars
for the neural arch are broad (Fig. 9B). They converge toward
the midline and merge with one another along the anterior half
of the centrum, as is also the case in C. saharicus (SGM-Din 3).

The very broad cervical proportions and strong development
of the ventral keel characterize Carcharodontosaurus and appear
to be absent in other allosauroids. The cervical series is only
partially preserved in Giganotosaurus, Mapusaurus, and Acro-
canthosaurus, but the centra appear to have subcircular posterior
articular faces and much weaker ventral keels (Harris, 1998; Co-
ria and Currie, 2006).

DISCUSSION

A new species, Carcharodontosaurus iguidensis, is established
on the first well-preserved carcharodontosaurid specimens from
Niger. Lapparent (1953, 1960) and Sereno and colleagues (1998)
provisionally referred all carcharodontosaurid material from Al-
bian and Cenomanian-age rocks in northern Africa to Carchar-
odontosaurus (Megalosaurus) saharicus. However, the recogni-
tion of C. iguidensis suggests that much isolated carcharodonto-
saurid material from the Sahara region may in fact pertain to this
new species. Recognition of C. iguidensis reveals diversity at the
specific level that was previously unknown, as has also proven to
be the case with Nigerienne and Moroccan abelisaurid material
from the same horizons (Mahler, 2005). Likewise, other unde-
scribed vertebrates from the Cenomanian of Niger also show
differences from their counterparts to the north in Morocco and
Egypt (Sereno, unpubl. data). The presence of distinct species in
the Cenomanian of Niger and Morocco suggests localized faunal
differentiation, possibly the result of shallow continental seas
that may have acted as temporary barriers (Reyment and Dingle,
1987). Alternatively, temporal discordance between these geo-
graphically widespread localities may explain this faunal differ-
entiation, despite their similar geological disposition immedi-
ately under the Cenomanian-Turonian limestone platform. At
present there is no way to distinguish between these alternative
hypotheses in the absence of radiometric ages for any of the
fossil-bearing deposits of Cretaceous age in the Sahara.

Remains of C. iguidensis were found in proximity to the basal
abelisaurid Rugops primus (Sereno et al., 2004) and at least one
spinosaurid taxon, tentatively referred to Spinosaurus sp. on the
basis of teeth. The same triumvirate of large-bodied carni-
vores—a carcharodontosaurid, abelisaurid, and spinosaurid—is
present in horizons of Early Cretaceous age in Niger (Brusatte
and Sereno, 2006; unpubl. data) and may represent an ecological
partitioning that existed for much of the Cretaceous on Africa,
and possibly South America as well (Medeiros and Schultz,
2002). Each of these carnivores has very distinctive cranial and
dental morphology, suggesting that their coexistence may have
been enabled by dietary niche partitioning.

Furthermore, the identification of C. iguidensis also increases
the known diversity within Carcharodontosauridae, a geographi-

cally widespread clade of Cretaceous allosauroid theropods that
includes Carcharodontosaurus from northern Africa; Giganoto-
saurus, Mapusaurus, and Tyrannotitan from South America;
Acrocanthosaurus from North America; and Neovenator from
Europe (Hutt et al., 1996) (Brusatte and Sereno, unpublished
data). Although recent studies have strongly supported an allo-
sauroid affinity for carcharodontosaurids, much disagreement
remains over the membership and relationships within this clade
(e.g. Rauhut, 1995; Sereno et al., 1996; Harris, 1998; Currie and
Carpenter, 2000; Holtz, 2000; Allain, 2002; Coria and Currie,
2002; Rauhut, 2003; Holtz et al., 2004; Novas et al., 2005).
Whereas most studies agree that Carcharodontosaurus and Gi-
ganotosaurus (and the recently described Mapusaurus) form a
clade of derived carcharodontosaurids, disagreements persist re-
garding the placement of Acrocanthosaurus, which some authors
regard as more closely related to Allosaurus than to carchar-
odontosaurids (e.g., Currie and Carpenter, 2000; Allain, 2002;
Novas et al., 2005). A reappraisal of allosauroid phylogeny is in
progress by the authors (Brusatte and Sereno, unpubl. data). As
this study will be published elsewhere, no numerical cladistic
analysis is presented here. However, a brief discussion of several
relevant characters is warranted, based on the new material de-
scribed here.

Carcharodontosaurus (C. saharicus and C. iguidensis) and Gi-
ganotosaurus clearly comprise a clade of derived carcharodon-
tosaurids, which also includes the recently-described Mapusau-
rus (Coria and Currie, 2006). These taxa share several charac-
ters, including a reduced extension of the supratemporal fossae
onto the frontal, a pair of pneumatic openings piercing the oc-
cipital condyle neck, the posterior position of cranial nerves V
and VII, and an ossified interorbital septum (unknown in C.
iguidensis) (Coria and Currie, 2002). No clear synapomorphies
link C. iguidensis and Giganotosaurus to the exclusion of C. sa-
haricus.

Cranial and vertebral characters support the placement of
Acrocanthosaurus within Carcharodontosauridae, a topology af-
firmed by the larger cladistic analysis undertaken by the authors
(Brusatte and Sereno, unpubl. data). Acrocanthosaurus shares
three unambiguous dentary synapomorphies with Carcharodon-
tosaurus and Giganotosaurus: a squared-off anterior end, a ven-
tral projection, and a broad, “U”-shaped snout. Additionally,
these taxa are united by cervical vertebrae with anterior and
posterior articular facets positioned at nearly the same level,
while Acrocanthosaurus and Carcharodontosaurus are both
characterized by cervical vertebrae with posterior articular sur-
faces at least 20% broader than tall. While Acrocanthosaurus
shares no unambiguous maxillary or braincase synapomorphies
with Carcharodontosaurus and Giganotosaurus, these three taxa
are linked by several other cranial characters, including: fused
frontals, a fused frontal-parietal suture, and a postorbital-
lacrimal brow that excludes the frontal from the orbital rim. A
more complete analysis of allosauroid phylogeny, including a
detailed discussion of Acrocanthosaurus, will be presented by the
authors elsewhere.

CONCLUSIONS

A new species of Carcharodontosaurus, C. iguidensis n. sp., is
described from the Late Cretaceous Echkar Formation of Niger,
which is roughly coeval with Cenomanian beds elsewhere in
northern Africa (Egypt, Tunisia, Algeria, Morocco). The type
species, Carcharodontosaurus (Megalosaurus) saharicus, was
based originally on Algerian and, later, Egyptian specimens that
were subsequently lost and destroyed, respectively. We desig-
nate a neotype for C. saharicus based on a well preserved cra-
nium from Morocco that shares with C. iguidensis the marked
groove texturing of the external surface of the maxilla. Several
aspects of the skull of C. iguidensis and C. saharicus differ, jus-
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tifying the erection of a distinct southern species. C. iguidensis
and the abelisaurid Rugops primus are the first theropods to be
described from a rich Cenomanian-age vertebrate fauna initially
discovered by Lapparent near the oasis at In Abangharit in Ni-
ger. This vertebrate fauna has begun to document regional dif-
ferentiation on Africa during the early Late Cretaceous.
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