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Abstract

The latest Cretaceous saw the final diversification of dinosaurs before the K/Pg extinction.
Discussions of end-Cretaceous dinosaur diversity have focused on well-sampled faunas
from Laurasia; far less is known about dinosaurian faunas of the Southern Hemisphere, es-
pecially Africa. The late Maastrichtian Phosphates of Morocco provide a rare window into
African dinosaur diversity. Abelisaurids, lambeosaurines, and titanosaurian sauropods are
known. However, no diagnostic titanosaur remains have been recovered, leaving the affini-
ties of these sauropods unclear. We describe Phosphatotitan khouribgaensis gen. et sp. nov., a
new titanosaur from the Maastrichtian of Sidi Chennane, Khouribga Province. Phosphatotitan
is represented by dorsal, sacral, and caudal vertebrae, and the pelvis. The new species differs
from titanosaurs described from the Cretaceous of Africa and Europe but resembles South
American Lognkosauria, and especially Patagotitan, in having short dorsal and caudal centra,
expanded dorsal and caudal neural spines, and a broad pubis. Its small size relative to other
Lognkosauria (3.54 tonnes) suggests a lineage selected for small size. The close relationships
of Morocco’s titanosaurs and abelisaurids to South American species may reflect a wide
distribution of these clades prior to the opening of the South Atlantic and the separation of
Africa and South America ~100 Ma, while a complex pattern of oceanic dispersal may ex-
plain the presence of distinct saltasauroid lineages worldwide. The latest Cretaceous Gond-
wanan dinosaur faunas were highly endemic due to a combination of continental fragmen-
tation, extinction, and dispersal, creating high endemism in southern continents and within
Africa, suggesting that Maastrichtian dinosaur diversity is underestimated.
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1. Introduction

The end of the Cretaceous saw the evolution of the last non-avian dinosaurs, the fi-
nal species to exist before their extinction at the Cretaceous-Paleogene (K-Pg) boundary
[1]. Patterns of non-avian dinosaur evolution prior to the extinction have been the focus
of ongoing study [1-6], and it remains debated whether dinosaur diversity was declin-
ing [5,6], remaining high [2,3], or even increasing prior to the extinction.

A major shortcoming of these studies is that reconstructed diversity patterns are
heavily driven by the well-sampled faunas of the Late Cretaceous of North America [7].
This is obviously the case for local studies of the Western Interior of North America, but
global diversity studies [5,6] are also heavily influenced by the North American fossil
record, simply because the North American fauna is currently far better documented
than the dinosaur faunas of other parts of the world, particularly Gondwana. Approxi-
mately half of all known Late Cretaceous dinosaur occurrences come from North Amer-
ica [7], with a large proportion of these coming from the northern Great Plains of the
United States and Canada. While the pattern of decline seen in the Great Plains fauna
may be real, it remains unclear whether it can be generalized.

Dinosaur faunas were far from uniform, however. Patterns of endemicity are par-
ticularly striking when comparing northern and southern continents [8-11]. Whereas
North America and Asia are dominated by ornithischian herbivores and tyrannosaurid
predators, the southern continents are instead dominated by titanosaurian sauropods,
with abelisaurids filling the apex predator niche. Furthermore, the fragmentation of
Gondwana in the Cretaceous and high eustatic sea levels led to the evolution of distinct
dinosaur faunas in South America [12,13], Madagascar [14-16], India [17], Europe [18],
and Africa [8,9,19-22]. This fragmentation contributed to endemism within Gondwana
through differential extinction, with different lineages persisting on different land-
masses, and differential dispersal; for example, whereas kritosaurin hadrosaurids dis-
persed to South America [23], lambeosaurines colonized northwestern Africa [8,9,19].

The dinosaurs of Africa remain the most poorly known among the Gondwanan
landmasses. Only a handful of species are known from the latest Cretaceous of East Af-
rica [24-28] and a few fragmentary remains are known from West Africa [29]. Given the
sheer size of the continent, Africa likely supported a large percentage of total dinosaur
diversity, but there is little terrestrial outcropping from the latest Cretaceous, and what
is known remains understudied.

In recent years fossils from the late Maastrichtian Phosphates of Morocco have shed
light on dinosaurs in the latest Cretaceous of Africa. Remarkably, Moroccan dinosaurs
occur as part of a marine assemblage [30,31], but the high productivity of the beds
means that many dinosaur fossils have emerged over the years (Table 1). Morocco has
produced the most diverse known dinosaur fauna from the latest Cretaceous in Africa,
and one of the most diverse assemblages from the Maastrichtian in Gondwana
[8,9,19-22].

Theropods include the abelisaurid Chenanisaurus barbaricus [20] and several inde-
terminate abelisaurids [21]. Herbivores include the lambeosaurine hadrosaurids Ajnabia
odysseus [9], Mingaria bata [8], and Taleta taleta [19], and a titanosauriform sauropod from
Sidi Daoui, known from a partial hindlimb [22]. All previously described dinosaurs are
from the upper part of the Cretaceous beds (i.e., latest Maastrichtian).
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Table 1. Dinosaurs from the late Maastrichtian Phosphates of the Oulad Abdoun Basin of Morocco.
[8,9,19-22]. Hadrosaurid postcranial remains from Mrah Lahrach and Daoui appear too large to
represent any known Moroccan species, but whether they represent one or more new taxa remains
uncertain. A significant period of time (=1 Ma) separates the upper and lower Couche III, suggest-

ing that Phosphatotitan is unlikely to represent the same species as the Daoui titanosaur.

Genus and Species Taxon Locality Stratigraphy Age
Chenumsaurus barbar- Abelisauridae  Sidi Chennane Upper Couche Le'ltes’.c Maas-
icus I trichtian
Sidi Chennane abeli- Abelisauridae Sidi Chennane Upper Couche Létes‘.c Maas-
saurid I trichtian
Daoui abelisaurid ~ Abelisauridae Sidi Daoui Upper Couche La‘ites’.c Maas-
I trichtian
Iy . . U Couche Latest Maas-
Ajnabia odysseus Hadrosauridae Sidi Chennane _Trc  —onche  aiestiiads
111 trichtian
U Couche Latest Maas-
Mingaria bata Hadrosauridae Sidi Chennane _Fro —oncne  -alesthiaas
I trichtian
Taleta taleta Hadrosauridae Sidi Chennane Upper Couche Létesj_[ Maas-
I trichtian
Sidi Paom hadro- Hadrosauridae Sidi Daoui Upper Couche Létes"c Maas-
saurid I trichtian
Mrah Lahr.ach Hadrosauridae Mrah Lahrach Upper Couche Le'ltes’.c Maas-
hadrosaurid I trichtian
Argentmosaundae Titanosauria  Sidi Daoui Upper Couche Létes‘.c Maas-
indet. I trichtian
Phosphatotitan

Lower Couche Late Maastricht-

khouribgaensis gen.  Titanosauria  Sidi Chennane
111 ian

nov. sp. nov

Here, we report a new sauropod, represented by dorsal and caudal vertebrae, parts
of the sacrum and pelvis from the Maastrichtian of Sidi Chennane. It comes from the
lower part of the Cretaceous phosphatic beds, likely dating to the late, but not latest,
Maastrichtian.

Geological Setting

The Phosphates of the Oulad Abdoun Basin of the Khouribga Province, Morocco
(Figure 1), consist of phosphatic sandstones, marls and limestones [31,32]. These were
deposited in a warm, shallow epicontinental sea during the Late Cretaceous and Early
Paleogene [32,33] as part of a belt of phosphates that formed along the margins of the
Atlantic and the Tethys Ocean [34]. The phosphates of the nearby Ganntour basin have
been interpreted as forming in a highly productive, low-latitude upwelling zone [35] and
the Khouribga phosphates presumably deposited under similar conditions.

The Phosphate sequence is divided into a series of beds or “couches”. Couche III is
late Maastrichtian, Couche II is Paleocene, and Couches 0 and I are Early Eocene in age
[31,32,36]. Upper Couche III is of latest Maastrichtian age, and dates to the final million
years of the Maastrichtian [36]. Lower Couche III appears to be slightly older. Its precise
age is unknown, but the shark fauna resembles that of Upper Couche III, suggesting it is
late, but not latest, Maastrichtian in age [37,38].
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Figure 1. (A), Map of Central Morocco showing the locality of the phosphates; (B), Map showing
the Khouribga phosphate mines and the type locality of Phosphatotitan khouribgaensis gen. nov. sp.

nov.

Couche III is exceptional in the abundance and diversity of fossil vertebrates [30-32].
The fauna is dominated by dissociated remains, including teeth and bones, but associated
remains occur as well. The assemblage includes sharks [38,39], teleosts [30,40], plesio-
saurs [41,42], turtles [43,44], mosasaurids [30,31,33,45-57], crocodiles [58], and pterosaurs
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[59,60]. Dinosaurs are relatively rare in the phosphates, but over time, a diverse fauna has
emerged (Table 1) [8,9,20-22,61]. Until now, the only described sauropod material con-
sisted of a partial titanosaur hindlimb [22]. Furthermore, previous dinosaur fossils all
came from Upper Couche III. The fossil reported here comes from the lower part of the
Maastrichtian at Sidi Chennane (Figure 2); it is the first dinosaur known from Lower
Couche III
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Figure 2. Synthetic stratigraphic column of the Oulad Abdoun Basin showing the position of
MHNM.KHG.888, holotype of Phosphatotitan khouribgaensis gen. nov. sp. nov in the lower Couche
III, Sidi Chennane, Oulad Abdoun Basin, Khouribga Province, Morocco. After [36]. Institutional
abbreviations: MHNM, Muséum d’Histoire naturelle de Marrakech, Marrakech, Morocco; OCP,
Office Chérifien des Phosphates, Khouribga, Morocco.

2. Materials and Methods

Phylogenetic analysis was conducted using the dataset of Pérez-Moreno et al. [62],
as the matrix is specifically designed to assess the affinities of titanosaurs. To thoroughly
test the relationships of Phosphatotitan to other African sauropods, we added the taxa
Rukwatitan bisepultus [63], Mnyamawamtuka moyowamkia [64] from the mid-Cretaceous of
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Tanzania, as well as Igai semkhu [24], and Mansourasaurus shahinae [26], from the latest
Cretaceous of Egypt. In addition, given evidence of faunal exchange between Africa and
Europe [9,26], we added the European species Lirainosaurus astibiae [65,66], Paludititan
nalatzensis [67], Ampelosaurus atacis [68], Lohuecotitan pandafilandi [69], Atsinganosaurus
velauciensis [70,71], Abditosaurus kuhnei, Qunkasaura pintiquiniestra [72], and Garrigatitan
meridionalis [73]. South American species added include Arackar licanantay [74], Chucaro-
saurus diripienda [75], and Traukutitan eocaudata [76].

In addition, a number of new characters or character states of existing characters
were identified, bringing the total number of characters from 432 to 446. Multistate
characters can be broken down into a series of binary characters [77], and, thus, charac-
ters were treated as ordered where they formed a clear transitional series, with a nested
set of synapomorphies, such that the ordered character can be broken down into a series
of binary characters, in keeping with standard practice of using ordered characters in
sauropod systematics (e.g., [72,78-80]) and morphological cladistics in general (e.g.,
[81,82]).

A single biogeographic character was added, as biogeography tends to be correlat-
ed with phylogeny [83] and has been shown to exhibit a strong phylogenetic signal
when mapped against molecular data [84], to help resolve taxa that are wildcards due to
missing data, a lack of overlap with other taxa, and/or homoplasy. The phylogenetic
analysis using the resulting character-taxon matrix (File S1) was run in TNT [85] using
the New Technology Search and a strict consensus was estimated.

3. Results
3.1. Systematic Paleontology

Dinosauria—Owen, 1842 [86].

Sauropoda—Marsh, 1878 [87].

Titanosauria—Bonaparte and Coria, 1993 [88].

Lithostrotia Upchurch, Barrett and Dodson, 2004 [89].

Argentinosauria n. taxon. Argentinosauria is defined as the stem-based taxon consisting
of all species closer to Argentinosaurus huinculensis than to Rinconsaurus caudamirus, Aeo-
losaurus rionegrinus, or Saltasaurus loricatus.

Lognkosauria Calvo, Porfiri, Gonzalez-Riga and Kellner, 2007 [90].
Argentinosauridae n. taxon. Argentinosauridae is defined as the node-based taxon con-
sisting of the common ancestor of Argentinosaurus huinculensis and Patagotitan mayorum,
and all of its descendants.

Phosphatotitan n. gen.

Type species. Phosphatotitan khouribgaensis, sp. nov.
LSID identifier: urn:lsid:zoobank.org:act:73C27618-BAE9-4299-9578-7CD1AAF20FB8

Etymology. The genus name refers to the phosphate deposits of Morocco + Greek titan,
“giant”.

Generic diagnosis. As for the type (and only known) species.

Phosphatotitan khouribgaensis, n. gen. et sp.

Etymology. The species name refers to Khouribga Province, Morocco.

Holotype. MHNM.KHG.888, associated dorsal, sacral and caudal vertebrae, ilium frag-
ments, pubes, ischium (Figures 3-10).
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Figure 3. Phosphatotitan khouribgaensis gen. nov. sp. nov, holotype, MHNM.KHG.888 prior to
preparation; Sidi Chennane, Oulad Abdoun Basin, Khouribga Province, Morocco; Phosphates,
lower Couche III, late Maastrichtian. (A) Dorsal vertebra; (B) Caudal vertebra; (C) Pelvis; (D) An-
terior iliac blade; (E) Posterior iliac blade.

Diagnosis. Titanosaur diagnosed by the following unique combination of characters (* =
autapomorphy): dorsal vertebrae with short centra relative to diameter; neural spine
transversely broad, being wider than the centrum®; very large, wing-like processes pro-
jecting perpendicularly from the neural spine*; neural arch anteroposteriorly com-
pressed; prezygapophyses extending subhorizontally in anterior view*; pleurocoels
small, triangular, and located anterodorsally on the centrum; sacrum forming a long,
slender bar of bone with camellate internal architecture; proximal caudal vertebra short
anteroposteriorly; caudal centrum much wider than tall; neural arch plate-like and pro-
jecting anterior to the centrum; neural spine spoon-like*, being transversely expanded
and anteroposteriorly compressed, wider dorsally than basally, and curved forward an-
terior to the centrum®; broad fossae on anterior and posterior surfaces of the caudal
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neural arch, with posterior fossa pneumatic and pierced by multiple pneumatic forami-
na; transverse processes laterally oriented; pubis broad, over 40% as wide as long;
strongly bent at midshaft; pubic boot with a strong, hooked lateral projection®; pubic fo-
ramen displaced ventrally*; ischium distal end forming a narrow blade; and ischia with
camellate pneumaticity and numerous small pneumatopores®.

Locality and Horizon. Sidi Chennane mine, Oulad Abdoun Basin (Figure 1), Khouribga
Province, Morocco; Lower Couche III (Figure 2), late but not latest, Maastrichtian [32].

Description and Comparisons. The holotype consists of a dorsal vertebra (Figures 4 and 5),
a partial sacrum, an anterior (first?) caudal vertebra, and fragments of the pelvis, in-
cluding the pubes and parts of the ischium and ilium. The specimen has undergone
post-mortem taphonomic alteration, including crushing, shearing and cracking.

Dorsal vertebrae. One dorsal vertebra has been fully prepared from the matrix (Figures 4
and 5). The posterior surface of the centrum is damaged, and the specimen seems to be
slightly anteroposteriorly compressed. The transverse processes lie almost lateral to the
prezygapophyses [15,79]. There does not appear to be a parapophysis on the centrum or
at the base of the neural arch. This, along with the association of the vertebra with the
sacrum and caudal vertebra, suggests it is likely a posterior dorsal. The vertebra
measures 452 mm in height by an estimated 393 mm in width across the transverse pro-
cesses.

The centrum is opisthocoelous, with a strongly ball-shaped anterior condyle, as in
other titanosaurs. The centrum is wider than tall, measuring 205 mm in width and 159
mm in height. The lateral and ventral surfaces of the centrum are highly concave, giving
the vertebra a spool shape. Although the posterior end of the centrum is damaged, the
shape of the preserved centrum suggests the centrum is proportionately short relative to
its diameter, in contrast to aeolosaurins [91], lirainosaurines [65] and opisthocoelicaudi-
ines [72], but similar to Lognkosauria such as Patagotitan [79]. These proportions may
have been exaggerated by crushing, but even accounting for taphonomy, the centrum is
unusually short; compaction of the kind of elongate centrum found in saltasaurs would
be expected to result in more cracking and distortion of the centrum than is seen here.

The pleurocoel is small and lies anterodorsally at the junction between the centrum
and the neural arch. It is subtriangular in outline, and slightly longer than it is tall. A
similar shape is seen in Mendozasaurus [92], while that of Patagotitan is relatively small
and anteriorly positioned [79]. The pleurocoels of most other titanosaurs, e.g., Liraino-
saurinae [65], Saltasauridae [15,93] and Aeolosaurini [91], differ in being larger, elon-
gated and elliptical or teardrop-shaped, and they extend across the length of the cen-
trum. The pleurocoel is deep, extending at least 35 mm into the vertebra. A thin, vertical
lamina of bone divides the pleurocoel into a smaller anterior opening and a larger poste-
rior opening.
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Figure 4. Phosphatotitan khouribgaensis gen. nov. sp. nov, holotype, MHNM.KHG.888; Sidi Chen-
nane, Oulad Abdoun Basin, Khouribga Province, Morocco; phosphates, lower Couche III, late
Maastrichtian. Dorsal vertebra in (A) anterior; (B) posterior; (C) right lateral; and (D) left lateral
views. Abbreviations: ce, centrum; con, condyle; nc, neural canal; nsp, neural spine; pl, pleurocoel;

pre, prezygapophyses; tp, transverse process.

The neural arch is anteroposteriorly compressed, as in Lognkosauria including Pat-
agotitan [79], Argentinosaurus [88], Puertasaurus [94], Mendozasaurus [92], and Notocolossus
[95]; aeolosaurines [91] and saltasaurids tend to have a more anteroposteriorly expanded
neural arch [15,93]. On the right side, the anterior centrodiapophyseal lamina and poste-
rior centrodiapophyseal lamina delimit a deep prezygocentrodiapophyseal fossa. The
laminae and fossa are not preserved on the left side, but below where they lay, there is a
low, robust ridge passing obliquely up the neural spine.
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Figure 5. Phosphatotitan khouribgaensis gen. nov. sp. nov., holotype, MHNM.KHG.888; Sidi Chen-
nane, Oulad Abdoun Basin, Khouribga Province, Morocco; Phosphates, lower Couche III, late
Maastrichtian. Dorsal vertebra in (A) anterior view; and (B) lateral view. Abbreviations: acpl, an-
terior centroparapophyseal lamina; cen, centrum; con, condyle; Ipl, lamina dividing pleurocoels;
nec, neural canal; nsp, neural spine; pcdl, posterior centrodiapophyseal lamina; pcpl, posterior
centroparapophyseal lamina; pl!, primary pleurocoel; pl?, secondary pleurocoel; predf, prezygo-

centrodiapophyseal fossa; pre, prezygapophyses; tp, transverse process.

The neural canal is ovoid and much taller than wide. The floor of the neural canal
bears a series of small, smooth depressions that presumably were associated with para-
medullary air sacs, as in modern birds [96]. The prezygapophyses are wide and almost
horizontally oriented in anterior view, in contrast to other lognkosaurs [88,94,95] and
other eutitanosaurs [15,91], where the prezygapophyses are more strongly inclined.
Where the edges of the zygapophyses are broken away, they reveal a camellate internal
structure. The transverse processes are plate-like and roughly rectangular in shape. The
transverse processes are very short but may have been broken distally (Figures 4 and 5).

The neural spine is damaged but appears to have been strongly anteroposteriorly
compressed, as in Lognkosauria including Patagotitan [79], Argentinosaurus [88], Puer-
tasaurus [94], Futalognkosaurus [97], Mendozasaurus [92], and Notocolossus [95]. Plate-like
neural spines are also seen in derived titanosaurs such as Rapetosaurus [15] and Ala-
mosaurus [98]; whereas neural spines of lirainosaurines are more anteroposteriorly elon-
gate [65]. The neural spine is strongly expanded transversely by a pair of wing-like lat-
eral processes, so that the neural spine is much broader than the centrum. A large hole
or notch piercing the neural spine (Figures 4 and 5) was originally assumed to be an ar-
tifact of taphonomy or preparation; however, close study shows that the ventrolateral
margin of this notch is finished and broadly rounded, rather than broken, suggesting a
natural edge to the bone rather than damage. A tentative reconstruction of the neural
spine suggests that it bore large, distally expanded lateral wings (Figure 5). The anterior
surface of the neural spine bears a pair of deep depressions on either side of the prespi-
nal lamina.

The extreme transverse expansion of the neural spine and the extreme development
of the lateral wings of the neural spine are both autapomorphies of Phosphatotitan.
However, the expansion of the dorsal neural spine and development of the lateral wings
(albeit less extreme) are shared with Patagotitan [79], and, to a lesser degree, Argentino-
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saurus [88]. The neural spines of Puertasaurus [94], Futalognkosaurus [97], Mendozasaurus
and Notocolossus [95] are narrower.

Sacrum. The main body of the sacrum (Figure 6) is fragmented, but the assembled pieces
show that at least four vertebrae contributed to the sacrum. No neural arches are pre-
served. The sacrum is crushed but has an unusual shape in which individual sacral ver-
tebrae are consolidated and the articulations between them and the swellings where
they join are largely obliterated, obscuring the borders between individual vertebrae.

The result is that the sacral centra form a long bar or rod of bone.

Figure 6. Phosphatotitan khouribgaensis gen. nov. sp. nov., holotype, MHNM.KHG.888; Sidi Chen-
nane, Oulad Abdoun Basin, Khouribga Province, Morocco; phosphates, lower Couche III, late
Maastrichtian. Partial sacrum in (A) lateral view; and (B) medial view. Abbreviations: cam, camel-

late structure; cen, centrum; fos, fossa; pub, fragment of pubis.

The sacrum is poorly known for Lognkosauria, but a similar rod-like morphology
of the sacrum is seen in the colossosaur Ouverosaurus [99]; the sacrum is more robust in
Saltasauridae [100] and Epachthosaurus (NRL pers. obs.). A centrum preserved lying
against the pelvis is connected to a very long transverse process, suggesting that it rep-
resents the first sacral. As in the dorsal, the prezygapophyses are horizontally oriented.

Where the internal structure of the sacrum is exposed, a series of thin laminae are
visible, forming a camellate architecture, showing that sacral centra were pneumatized.
A similar camellate internal structure occurs in the sacra of other Lithostrotia [69].

Caudal vertebra. A single caudal vertebra (Figures 7 and 8) comes from near the base of
the tail, possibly representing the first caudal.

https://doi.org/10.3390/d 18050241
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Figure 7. Phosphatotitan khouribgaensis gen. nov. sp. nov., holotype, MHNM.KHG.888, Sidi Chen-
nane, Oulad Abdoun Basin, Khouribga Province, Morocco; phosphates, lower Couche III, late
Maastrichtian. Proximal caudal vertebra in (A) posterior; (B) anterior; (C) right lateral view; and
(D) left lateral view. Abbreviations: con, condyle; nsp, neural spine; poz, postzygapophysis; pre,

prezygapophyses; tp, transverse process.

The anterior articular surface measures 190 mm in width and 162 mm in height,
although the centrum is fractured, distorting its shape; the centrum is 55 mm in length.
The bone measures 336 mm across the transverse processes and 487 mm in height.

The centrum is very short anteroposteriorly. Again, compaction of the sediment has
distorted the vertebra and displaced parts of the centrum, but exposed trabeculae inside
the bone are well-preserved, as is the surface of the bone, showing that the short shape
of the centrum is real.

Excluding the protruding ball of the articular surface, the centrum is almost three
times as tall as it is long, and about four times as wide as it is long. The short centrum
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contrasts with the condition in opisthocoelicaudiines [72] and lirainosaurines [65], but
resembles Patagotitan [79] and other derived Lognkosauria such as Mendozasaurus [92];
the centra in Futalognkosaurus [97] and Notocolossus [95] are more elongated. The centrum
is procoelous, with a deeply concave anterior surface, and a strongly convex posterior

surface, as in other titanosaurs [15,65,67].

Figure 8. Phosphatotitan khouribgaensis gen. nov. sp. nov., MHNM.KHG.888, holotype; Sidi Chen-
nane, Oulad Abdoun Basin, Khouribga Province, Morocco; phosphates, lower Couche III, late
Maastrichtian. Proximal caudal vertebra of MHNM.KHG.888, holotype in (A) posterior; (B) ante-
rior; (C) right lateral view. Abbreviations: cen, centrum; con, condyle; cot, cotyle; nec, neural canal;
nsp, neural spine; poz, postzygapophysis; pne, pneumatopore; prz, prezygapophyses; psl,

postspinal lamina; tp, transverse process.

Articular surfaces are much wider than tall, with the width of the posterior articular
surface being about one-third greater than its height, as in Futalognkosaurus [97]. The ar-
ticular surfaces are taller in Patagotitan [79] and Mendozasaurus [92]. The anterior surface
is cupped, as is typical of titanosaurs, although that of Patagotitan differs in having a flat
anterior surface [79].

The posterior articular surface is not evenly rounded; instead there is a low, con-
cave rim laterally, and especially ventrally. The convex articular ball is located inside
this cupped area, with its apex set slightly dorsally, as is common in titanosaurs [65].
This contrasts with the more smoothly convex condyle in Patagotitan [79] and Mendoza-
saurus [92]. The centrum lacks pleurocoels or other evidence of pneumaticity.

The neural arch is pierced by a triangular neural canal. The entire neural arch is
broad and anteroposteriorly compressed, giving it a plate-like morphology. This
plate-like morphology occurs in Lognkosauria, including Patagotitan [79] and Mendoza-
saurus [92], but is absent in the basal argentinosaur Notocolossus [95], in Aeolosaurini [91],
Lirainosaurinae [65], and Opisthocoelicaudiinae [93]. The plate is relatively thick to-
wards the base of the neural arch, spanning almost the whole anteroposterior length of
the centrum, but becomes thinner towards the top of the neural canal. Laterally, the
neural arch extends out to the transverse processes. The entire neural arch is curved
forward in lateral view, such that the neural arch projects past the anterior of the cen-
trum.
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The transverse processes are short, tall and triangular in shape, as in the anterior
caudal vertebrae of Patagotitan [79], Futalognkosaurus [97], and Mendozasaurus [92], but
also the Iberoarmorican taxon Lohuecotitan [69]. They present a straight dorsolateral
margin, and a concave ventral one, giving them a hooked appearance, as in Lognkosau-
ria [79,92,97]. The transverse processes have a highly rugose texture on their dorsolateral
margins. In anterior/posterior views, their bases originate somewhat above the middle
of the centrum. The transverse process extends up to the base of the neural arch via the
spinodiapophyseal lamina, connecting to the spinoprezygapophyseal lamina that runs
up along the lateral surface of the prezygapophyses. The transverse processes are
strongly anteroposteriorly compressed, like a thin plate, as in Mendozasaurus [92] and
Patagotitan [79], but they are more robust ventrally in those two species. They are robust
and anteroposteriorly wide in Notocolossus [95], Lirainosaurinae [65] and Opistho-
coelicaudiinae [72]. In lateral view, the transverse process extends obliquely upwards; its
base originates posteriorly, and then it slopes more anteriorly. Towards its top, the
transverse process curls forward to end anterior to the centrum, a condition not seen in
other Lithostrotia.

The prezygapophyses are anteroposteriorly narrow and triangular in lateral view;
they project strongly upwards. Their articular surfaces are curved in anterior view, such
that they would have curled around the postzygapophyses ventrally. The lateral surfac-
es of the prezygapophyses are highly rugose. Postzygapophyses are small and they ex-
tend up and out at about 30 degrees from the horizontal. Their facets are tall and narrow,
and roughly triangular.

The neural spine is very unusual, being anteroposteriorly compressed and trans-
versely expanded, such that it is about twice as broad mediolaterally as it is anteroposte-
riorly at the base. The neural spine is similarly anteroposteriorly compressed and trans-
versely expanded in Futalognkosaurus [97], Patagotitan [79], and Bonitasaura [101]; the
neural spine of Mendozasaurus [92] is anteroposteriorly compressed but not expanded
[92]. In lirainosaurines [65] and opisthocoelicaudiines [72], the neural spine is not an-
teroposteriorly compressed.

Towards the apex, the neural spine gradually becomes even wider, giving it a
spoon-like shape. Low, broad prespinal and postspinal laminae extend up the anterior
and posterior faces of the neural spine. The lateral and dorsal margins of the neural
spine are highly rugose, but the anterior and posterior surfaces are smooth. The posteri-
or surface of the neural spine is covered with a complex series of smooth depressions
that appear to be pneumatic in nature; some form foramina that pierce the neural arch.
A similar feature appears to be present in Futalognkosaurus [97]. The interior of the neu-
ral spine is filled with matrix, rather than bone, suggesting it was pneumatized. In con-
trast, the bone inside the centrum has a spongy texture, suggesting it was not pneuma-
tized.

Pelvis. The pelvis (Figures 9 and 10) includes left and right pubes, fragments of the ilium,
and possibly the ischium.
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Figure 9. Phosphatotitan khouribgaensis gen. nov. sp. nov., MHNM.KHG.888, holotype; Sidi Chen-
nane, Oulad Abdoun Basin, Khouribga Province, Morocco; lower Couche III, late Maastrichtian.
Pelvis and interpretive drawing. Abbreviations: ac, acetabulum; dv, dorsal vertebra; fo, pubic fo-
ramen; ilp, iliac peduncle; isch, ischium; isp, ischiadic peduncle; isch?, ischium(?); obf, obturator

foramen; pbt, pubic boot; pub, pubis; sac, sacrum, tp, transverse process.

The pubes are remarkably short and broad, with their distal ends measuring 42% of
the pubis proximodistal length. The broad condition of the pubis is approached by Pata-
gotitan [102], where the distal end of the pubis measures 37% of the length of the pubis.
In more primitive Lognkosauria, the pubes are more slender; e.g., in Futalognkosaurus [97]
the distal end of the pubis measures 33% of its length. Lirainosaurines [66] and salt-
asaurids [15] have narrower pubes. Wide pubes are, however, seen in the basal titano-
saurs Savannahsaurus [103] and Diamantinasaurus [104].
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The pubes are strongly bent at mid-length, with the proximal end deflected anter-
olaterally relative to the pubic symphysis, so that the two pubes, when articulated, form
a Y-shaped structure (Figure 9). This condition is approached in Patagotitan [102]; how-
ever, the pubes are straighter in Futalognkosaurus [97] and saltasaurids [15,72]. The tight
association of the pubes, when all remaining elements of the skeleton are disarticulated,
suggests that they were either tightly joined at the symphysis by cartilage or potentially
fused along the symphysis.

The lateral margin of the pubes is L-shaped, extending ventrally and then hooking
laterally, where the pubic boot is transversely expanded at the end of the pubis. The pu-
bic boot is extremely large; its distal margin is broadly convex, giving the pubic boot a
spatulate shape.

There is a very large pubic foramen, set within a large medial fossa. It is strongly
displaced ventrally relative to the condition in either lognkosaurs [102], or saltasaurines
[72]; this character appears to represent an autapomorphy of Phosphatotitan.

A bone lying atop the pubes appears to represent the ischium. It is an L-shaped el-
ement with a long, narrow distal blade that is very unlike those of other titanosaurs
[15,93] which tend to have a broad distal shaft and distal end of the ischium; Patagotitan
is similar in having a narrow ischial shaft, but retains a broad distal end. However, addi-
tional and better-preserved material from the phosphates, currently under study, shows
a similar morphology, corroborating the identification of this element as an ischium.

Figure 10. Phosphatotitan khouribgaensis gen. nov. sp. nov.,, MHNM.KHG.888, holotype; Sidi Chen-
nane, Oulad Abdoun Basin, Khouribga Province, Morocco; phosphates, lower Couche III, late

Maastrichtian. Ilium, interpretative reconstruction.

Two fragments represent part of the ilium, here interpreted as the anterior and
posterior ends of the left ilium (Figure 10). The anterior and posterior tips of the ilium
are highly rugose. The bones are crushed and reveal a camellate internal architecture,
where the ilium was pneumatized, as in other titanosaurs [105].

3.2. Phylogenetic Analysis

The analysis consistently (Figure 11) recovers Phosphatotitan and the Daoui titano-
saur [22] as members of a lineage of sauropods more closely related to Argentinosaurus
and other Lognkosauria than to either Aeolosaurus or Rinconsaurus; this clade is here de-
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Figure 11. Phylogenetic analysis showing the position of Phosphatotitan khouribgaensis gen. nov. sp.
nov. within Argentinosauria. Strict consensus of five trees found using New Technology Search;
tree length = 1978.

Resolution within Argentinosauria is poor in the strict consensus. This appears to
result from a combination of high homoplasy, fragmentary specimens, and
non-overlapping material. However, within Argentinosauria a clade containing Argen-
tinosaurus, Patagotitan, and Phosphatotitan consistently emerges (Figure 11, File 52), here
named Argentinosauridae.

As in a number of previous studies [62,74,79,92,106], we recover Argentinosauria as
the sister to Aeolosaurini, with the two forming the clade Colossosauria [106], but this
result is not consistently found when implied weighting is used (SI). The sister taxon to
Colossosauria is Saltasauroidea, here found to include the Saltasaurinae and their sister
taxon Opisthocoelicaudiinae, with Lirainosaurinae forming a distinct saltasauroid line-
age. Mansourasaurus is found to be the sister to the clade containing Qunkasaura and Ab-
ditosaurus.

4. Discussion
4.1. Systematics of Phosphatotitan

Phosphatotitan does not appear to be closely related to other latest Cretaceous sau-
ropods from Africa (Table 2), such as the Mansourasaurus shahinae [26] (here recovered as
a relative of Qunkasaura from Europe) and Igai semkhu [24] (here recovered within Li-
rainosaurinae) from the Campanian of Egypt. Likewise, a femur from the Maastrichtian
of Egypt [107] does not closely resemble the Daoui titanosaur; titanosaur remains from
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the Late Cretaceous of the Wadi Milk Formation in Sudan [108] do not resemble the
Moroccan remains. Neither does Phosphatotitan resemble Rapetosaurus from the Maas-
trichtian of Madagascar [15,109].

Phosphatotitan also shows little evidence of affinity with European sauropods, such
as Lirainosaurinae [65] or Qunkasaura [72], as might have been expected in light of the
presence of lambeosaurine hadrosaurids in both Morocco and Europe [8,9,19], which
shows that at least limited faunal exchange existed between Europe and Africa during
the Late Cretaceous.

Table 2. Sauropods from the latest Cretaceous of Africa and the Arabian Peninsula. Note that
the Wadi Milk Formation was originally considered Cenomanian [108] but has recently been re-
dated to the Campanian or younger [25]. The partial humerus reported from Oman [110] exhibits

a distinctive curvature shared with Isisaurus [111] suggesting possible affinities with that taxon.

Genus and Species Taxon  Locality Formation Age

Saltasau- Kharga Oa-

Mansourasaurus shahinae [26] ) Quseir Fm. Campanian
ridae sis, Egypt
Liraino- Kh Oa-
Igai semkhu [24] 1ra1.no ) atga’a Quseir Fm. Campanian
saurinae sis, Egypt
o Campa-
Wadi Milk
Titanosauria indet. [108] Indet. Sudan adt ,1 nian—-Maastrichtian
Formation
Saltasau-
id Al-Khod -
Aff. Isisaurus(?) [110] IR Oman od Con- - strichtian
incertae glomerate
sedis
Ammonite Hill
Cf. Saltasauridae(?) indet.  Cf. Salt- Eovpt Member; Maastrichtian
[107] asauridae 8YP Dakhla For-
mation
Argenti-

. . . . Sidi Daoui, Upper Couche Latest Maastrichti-
Argentinosauridae indet.  nosauri-

Morocco 11 an
dae
Phosphatotitan khouribgaensis Argenti- Sidi Chen-
. . Lower Couche R
gen. nov. sp. nov. (this pa- nosauri- nane, Mo- 1 Late Maastrichtian
per) dae rocco

Instead, the morphology of the dorsal and caudal vertebrae and the pubis closely
resemble Lognkosauria, a clade otherwise only known from the mid-to-late Cretaceous
of South America [79,88,92,94,95], and specifically they resemble the derived argentino-
saurid Patagotitan. Shared features include the extremely short dorsal and caudal centra,
anteroposteriorly compressed and transversely expanded neural spines of the dorsal
and caudal vertebrae, reduced pleurocoels, the strong distal expansion and forward
curvature of the caudal neural spine, the broad, curved pubis and the narrow shaft of
the ischium. Phylogenetic analyses (Figure 11) consistently recover Phosphatotitan as a
member of Lognkosauria, and specifically Argentinosauridae, the clade including Ar-
gentinosaurus and Patagotitan.

In this light, it is intriguing that a partial hindlimb recovered from the uppermost
Maastrichtian of the Phosphates at Sidi Daoui, Oulad Abdoun Basin [22] shares several
derived features with Patagotitan that are absent in other lognkosaurs. These include: (i)
a sigmoidally curved femoral shaft, in which the shaft is bowed outwards proximally,
then bowed inwards below this at midshaft, (ii) a prominent lateral bulge on the femur,
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and (iii) a low, elongate crest or ‘lateral distal rugosity” on the lateral surface of the lat-
eral condyle [102]. Phylogenetic analysis including this specimen likewise recovers it as
a member of the Argentinosauridae (Figure 11). It is unlikely to represent the same spe-
cies as Phosphatotitan given that it comes from a younger level of the phosphates.

The systematics of titanosaurs remain in a state of flux, with many taxa occupying
different parts within the tree across different analyses [24,26,72,78,112,113]; there is no
agreement on the major subgroups of titanosaurs. In this light, we do not consider the
phylogeny presented here as the final word; even using different weighting schemes (SI),
very different topologies emerge from the same matrix.

However, the relationship between Phosphatotitan, Patagotitan and Argentinosaurus
appears to be robustly supported by the data. Even under a variety of different
weighting schemes, this grouping consistently emerges (SI). This, and the fact that dif-
ferent parts of the skeleton (dorsals, caudals, pubis, and the femur of the Sidi Daoui ti-
tanosaur) consistently show affinities with Argentinosauridae, suggest that this part of
the tree is well-supported.

4.2. Body Size

The Moroccan titanosaurs were relatively large animals in absolute terms, but small
relative to lognkosaurs such as Argentinosaurus [88], Puertasaurus [94], and Patagotitan
[79], which rank among the largest terrestrial animals of all time.

Patagotitan has been estimated to weigh between 57 [102] and 69 [79] tonnes, and
measured 30-40 m in length [79,114]. Argentinosaurus [88] and Puertasaurus [94] are
fragmentary, but Puertasaurus may have been similar in size [114] to Patagotitan, and Ar-
gentinosaurus may have been even larger [114]. Phosphatotitan and the Daoui titanosaur
were much smaller animals, around one-third the length and less than 10% of the mass
of their giant relatives (Figure 12).

m

Figure 12. Silhouettes of the dinosaurs from the late Maastrichtian of Morocco. Phosphatotitan in

dark blue, Daoui titanosaur in light blue.

Dorsal centra of Patagotitan average 40 cm in height, while dorsal vertebra of Phos-
phatotitan has a centrum height of 15.9 cm, 39.75% of that of Patagotitan. Assuming iso-
metric scaling, Phosphatotitan would be 6.28% of the mass of Patagotitan, ~3.5-4.3 tonnes.
The Daoui titanosaur has a femur measuring 100 cm [22], versus 238 cm for Patagotitan
[79], representing 42% the linear dimensions, suggesting a mass of around 4-5.1 tonnes.
These are only meant to be approximate figures, but they show that Moroccan titano-
saurs were much smaller than other argentinosaurs. Phosphatotitan and the Daoui titan-
osaur weighed less than the largest Laramidian ornithischians, such as edmontosaurine
hadrosaurids and triceratopsin ceratopsids [115].
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There are several possible reasons for the small size of the Moroccan titanosaurs.
One is that Morocco may have been separate from the rest of Africa, either as part of an
island continent separated from eastern and southern Africa by the Trans-Saharan Sea-
way [116-118], or even as a small island off the coast of northwest Africa [119]. Small
landmasses tend to have smaller animals than large land masses [120] and many island
lineages, e.g., insular elephants [121,122], deer [122], and goats [122], are characterized
by island dwarfism, where they evolve to a much smaller size than their mainland rela-
tives. The relatively small size of titanosaurs on other islands in the European archipel-
ago [72] and Madagascar [15], and the existence of larger sauropods on large landmasses
such as South America [94], Western North America [123], and Asia [93], seem con-
sistent with the idea that landmass area constrained the maximum size of herbivores.
The relatively small size of Moroccan hadrosaurids is consistent with this hypothesis. A
major issue with assessing this hypothesis is that it is unclear whether Morocco formed
an island [119], was part of a larger West African landmass, or was connected to the
wider African landmass.

A second possibility is that the environmental conditions of the latest Cretaceous
may have increasingly favored the diversification of smaller herbivores over giants.
Strikingly, in South America, the relatively small saltasaurine [62,74], rinconsaurine [124]
and aeolosaurine titanosaurs [125] dominate, while giant forms such as Patagotitan [79]
and Dreadnoughtus [126] appear to have been relatively rare and low in diversity. Titan-
osaurs known from the Egyptian Late Cretaceous are likewise relatively small-bodied
forms [24,26,28].

The high diversity of small sauropods may therefore be a more general phenome-
non and not simply a function of landmass size, reflecting a broader shift towards small
body size among sauropods, or even herbivorous dinosaurs in general. Environmental
changes that might drive these changes include changes in plant communities, particu-
larly the diversification of angiosperms [127], or the long-term cooling trend from the
mid-Cretaceous to the Maastrichtian [128]. The two hypotheses are not mutually exclu-
sive; body size might reflect both island effects and a trend towards smaller herbivores.

4.3. Biogeography

Not only do Morocco’s late Maastrichtian sauropods show affinities with South
American argentinosaurs, but an unnamed abelisaurid from Morocco, the ‘Sidi Chen-
nane abelisaurid” shows affinities with South American species [21]. Close study of the
South American Carnotaurus [129] also reveals characters (a reduced Meckelian groove
and small interdental plates: NRL, pers. obs.) that are shared with Chenanisaurus [20] to
the exclusion of Majungasaurus [130], providing further evidence of a close relationship
with South American carnotaurines rather than with Malagasy majungasaurines or the
European Arcovenator. An isolated abelisaurid second metatarsal from Sidi Daoui [21]
shows similarities to the recently described Koleken [131] from Argentina.

The faunal connection between Morocco and South America is perhaps unsurpris-
ing, given that Africa and South America remained connected well into the Cretaceous,
finally separating around 115-105 million years ago [119,132], at which point they were
finally separated by the connection of the South Atlantic with the North Atlantic. Vicar-
iance could therefore explain the faunal similarities (Figure 13).

However, even after the final breakup of West Gondwana and the isolation of Afri-
ca and South America, the Atlantic Ocean would have initially remained relatively nar-
row [119,132], potentially permitting dispersal between the two landmasses. Oceanic
dispersal appears to have played an important role in dinosaur biogeography during the
Late Cretaceous, given the close relationship between east African and European sauro-
pods [26], and the presence of hadrosaurids in Europe, Northwest Africa [8,9,19], and
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South America [23,133]. Dispersal is therefore difficult to rule out, although the absence
of Argentinosauridae in South America after the Turonian (Figure 11) suggests an early
exchange between South America and Africa rather than a later migration, potentially
occurring prior to the breakup of West Gondwana. Fossils from the Cenomanian of
North Africa could help elucidate the timing and patterns of this dispersal: a vicariant
origin of Moroccan Argentinosauridae predicts that they were present in Africa by the
Albian or Cenomanian. Either way, the history of connection between Africa and South
America, and the narrow marine barriers following the breakup, would have allowed
for species to move between the two landmasses.

Figure 13. Biogeography of titanosaurs. (A1,A2) Vicariant biogeography, with a hypothetical

mid-Cretaceous distribution of Lognkosauria in West Gondwana (A1) leading to widespread dis-
tribution of the clade in South America and Africa following the breakup of West Gondwana (A2);
(B) Hypothetical Late Cretaceous dispersal of Saltasauroidea, assuming a Late Cretaceous, South

American origin for the clade.

The pattern differs for saltasauroids. Saltasauroids staged a radiation in the Late
Cretaceous and then appear in Europe and Asia in the Campanian-Maastrichtian, and in
North America in the Maastrichtian (Figure 11). The timing of their appearance requires
at least two oceanic dispersal events into Europe, as well as dispersal into Asia, North
America, India, and Madagascar, and potentially into Africa from South America (Fig-
ure 13). The precise patterns of dispersal are heavily contingent on tree topology and
divergence time, and there is almost no consensus [26,72,78,134] on saltasauroid rela-
tionships. However, it is difficult to reconstruct saltasauroid phylogeny in a way that
does not require multiple oceanic dispersal events, without incurring implausibly long
ghost lineages. Almost all published scenarios require multiple oceanic dispersals, dif-
fering only in the number and timing of dispersal events.

This pattern is different from the pattern seen with lognkosaurs, which had a far
more restricted distribution during the latest Cretaceous. It may be that some aspect of
saltasauroid biology, e.g., locomotion or physiology, facilitated oceanic dispersal, in the
same way that hadrosaurids and hadrosauroids seem to have dispersed more readily
than other ornithischians.
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4.4. Gondwanan Endemism

The appearance of distinct sauropod lineages in different parts of Gondwana
[26,109] and Europe [72,134] and even in different parts of Africa, emphasizes the high
degree of endemism seen in Late Cretaceous dinosaurs.

A survey of African dinosaur diversity suggests that distinct faunas were present in
Morocco, eastern and southern Africa, and the Arabian Peninsula; India, Madagascar,
and western Europe likewise have distinct faunas (Figure 14).

Ibero-Armorica
Lirainosaurinae
Saltasauridae
Lambeosaurinae
Rhabdodontidae
Telmatosauridae
Struthiosauridae
Majungasaurinae
" Unenlagiinae

Arabia

aff. Isisaurus(?)
Hadrosauroidea
Rhabdodontidae
Abelisauridae indet.

Morocco

Argentinosauridae
Lambeaosaurinae
Carnotaurinae

Y- | India

sl W Isisaurus

East & South \ Majungasaurinae

Afri | Noasauridae
rica

Saltasauridae Madagascar

?Lirainosaurinae Rapetosaurus

Elasmaria Majungasaurinae Y

Carnotaurinae Noasauridae >

‘ ?Unenlagiinae Unenlagiinae

Figure 14. Dinosaurian faunas of Africa, Indo-Madagascar and western Europe. Morocco: Argen-
tinosauridae (this paper), Lambeosaurinae [8,9,19], Carnotaurinae [20,21]. East and Southern Af-
rica: Saltasauridae [26,28], Lirainosaurinae(?) [24], Elasmaria [135,136], Carnotaurinae [27], Drom-
aeosauridae: Unenlagiinae(?) [137]. Arabian Peninsula: aff. Isisaurus(?) [110], Rhabdodontidae
[110], Hadrosauroidea [138], Abelisauridae indet. Madagascar: Rapetosaurus [109], Majungasauri-
nae [139,140], Noasauridae [16], Unenlagiinae. India: Titanosauria incertae sedis (Isisaurus) [111],
Majungasaurinae [131,141], Noasauridae [141]. Ibero-Armorica: Lirainosaurinae [142], Saltasauri-
dae [72], Lambeosaurinae [18], Rhabdodontidae [143], Telmatosauridae [144], Struthiosauridae
[145], Majungasaurinae [131,146], Unenlagiinae [147].

Dinosaur diversity in the Late Cretaceous was therefore driven not just by high
numbers of species in each habitat, but also by distinct species and lineages in each hab-
itat. What is particularly striking is that the Moroccan sauropods are not closely related
to sauropods found elsewhere in the world at the same time, instead, they are more
closely related to the Albian Patagotitan than to any Campanian or Maastrichtian species.
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The Moroccan titanosaurs therefore appear to represent an ancient relict lineage, one
which had vanished millions of years earlier from South America.

And while Argentinosauria decline in diversity in South America (known only
from Puertasaurus [94] and perhaps Austroposeidon [148] in the latest Cretaceous), they
appear to persist in Morocco as the dominant large herbivores. Similarly, lambeosau-
rines declined in North America while remaining diverse in Asia, and radiating in
Northwest Africa [8,9,19] and Europe [18]. Campanian-Maastrichtian declines in certain
clades may be regional events rather than being indicative of global dinosaur decline.

Endemism therefore makes it difficult to generalize about dinosaur diversity from
local studies of areas such as the Western Interior of North America [2]. Meanwhile a
lack of information about other parts of the world makes it difficult to reconstruct dino-
saur diversity patterns in other areas, especially in Africa. Given its large area and low
latitude, Africa would be expected to have supported a diverse dinosaur fauna, perhaps
comprising more species than either North America or South America. The isolation of
different parts of Africa by high sea levels and seaways [116-118] may have increased
diversity and endemism still further. The unique and endemic dinosaur fauna emerging
from the late Maastrichtian of Northwestern Africa emphasizes how much remains un-
known about dinosaur diversity.

5. Conclusions

A new titanosaur, Phosphatotitan khouribgaensis gen. et sp. nov., is reported from the
late Maastrichtian of Morocco. It is not closely related to either African titanosaurs or to
European species. Instead, it is related to the giant Argentinosauridae from the middle
Cretaceous of South America. Phosphatotitan, along with previously reported hadro-
saurids, suggests that Morocco supported a unique, endemic fauna in the latest Creta-
ceous, distinct from those found elsewhere in Africa. High sea levels in the Late Creta-
ceous may have created isolated landmasses, with distinct faunas emerging that reflect a
combination of vicariance, endemism, and regional extinction. The high degree of en-
demism in latest Cretaceous dinosaurs means that our understanding of dinosaur diver-
sity is likely to be highly incomplete and complicates attempts to understand global pat-
terns in dinosaur diversity prior to the K-Pg extinction.
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