
	 Rivista	Italiana	di	Paleontologia	e	Stratigrafia	 volume	117	 no.	1	 pp.	149-160	 April	2011	

NEW PTEROSAUR SPECIMENS FROM THE KEM KEM BEDS (UPPER CRETACEOUS, 
CENOMANIAN) OF MOROCCO

TAISSA	RODRIGUES	1,	ALEXANDER	W.	A.	KELLNER	1,	BRYN	J.	MADER	2	&	DALE	A.	RUSSELL	3

Received: October 11, 2010; accepted: February 1st, 2011

1	 Setor	de	Paleovertebrados,	Dept.	Geologia	e	Paleontologia,	Museu	Nacional/UFRJ.	Quinta	da	Boa	Vista	s/n,	São	Cristóvão,	20940-040,	
Rio	de	Janeiro,	Brazil.	E-mail:	taissa.rodrigues@gmail.com,	kellner@mn.ufrj.br	

2	 Queensborough	Community	College,	222-05	56th	Avenue	Bayside,	NY	11364,	USA.	E-mail:	bjmader@email.msn.com	
3	 North	Carolina	State	University,	Dept.	of	Marine,	Earth	and	Atmospheric	Sciences,	Jordan	Hall	5145,	Box	8208,	Raleigh,	NC	27695,	

USA.	E-mail:	dale_russell@ncsu.edu

Key words:	Pterosauria,	Azhdarchidae,	Morocco,	Cretaceous,	
Cenomanian,	Kem	Kem	beds.

Abstract. Although	pterosaurs	from	Africa	are	still	rare,	in	re-
cent	years	several	specimens	have	been	described	from	the	Kem	Kem	
beds	(Upper	Cretaceous,	Cenomanian)	of	Morocco.	Here	we	describe	
four	 additional	 specimens	 from	 this	 informal	 lithostratigraphic	 unit:	
a	jaw	fragment,	two	mid-cervical	vertebrae,	and	a	humerus.	All	these	
specimens	show	three-dimensional	preservation,	differing	much	from	
the	flat	condition	found	in	most	pterosaur	material.	The	vertebrae	are	
particularly	 well	 preserved,	 and	 allow	 accurate	 observations	 on	 the	
pneumatization	of	the	neural	arch.	Based	on	comparable	material,	we	
show	 that	 at	 least	 two	 edentulous	 pterosaur	 species	 were	 present	 in	
this	 informal	 lithostratigraphic	unit,	 thus	adding	to	the	growing	evi-
dence	of	considerable	pterosaur	diversity	in	northwestern	Africa	dur-
ing	the	“middle”	Cretaceous.	So	far,	the	Kem	Kem	beds	have	the	most	
diverse	pterosaur	fauna	in	this	continent,	with	the	presence	of	anhan-
guerids,	azhdarchids,	pteranodontids,	and	tapejarids.

Riassunto. Sebbene	gli	pterosauri	rinvenuti	in	Africa	siano	an-
cora	rari,	negli	ultimi	anni	diversi	esemplari	sono	stati	descritti	dai	co-
siddetti	Kem	Kem	beds	del	Marocco	(Cretacico	Superiore,	Cenoma-
niano).	Nell’	articolo	descriviamo	quattro	nuovi	reperti	provenienti	da	
questa	unità	 litostratigrafica	 informale:	un	 frammento	di	mandibola,	
due	 vertebre	 medio-cervicali	 e	 un	 omero.	 Tutti	 questi	 esemplari	 of-
frono	 una	 conservazione	 tridimensionale,	 differendo	 in	 questo	 dalle	
condizioni	di	appiattimento	proprie	di	molti	reperti	di	pterosauri.	Le	
vertebre	 sono	 particolarmente	 ben	 conservate	 e	 consentono	 una	 ac-
curata	 osservazione	 della	 pneumatizzazione	 dell’arco	 neurale.	 Sulla	
base	di	materiale	di	confronto	noi	mostriamo	che	almeno	due	specie	
edentule	 di	 pterosauri	 sono	 presenti	 in	 questa	 unità	 litostratigrafica	
informale.	Ciò	 incrementa	 l’	evidenza	di	una	considerevole	diversità	
tra	gli	pterosauri	che	popolarono	l’Africa	nordoccidentale	durante	il	
“Cretacico	medio’’.	I	Kem	Kem	beds	contengono	la	fauna	a	pterosauri	
più	diversificata	in	questo	continente,	con	la	presenza	di	anhangueridi,	
azhdarchidi,	pteranodontidi	e	tapejaridi.	

Introduction

African	 pterosaurs	 are	 still	 poorly	 known,	 lim-
ited	to	relatively	few	incomplete	skeletons	and	isolated	
remains	(Swinton	1948;	Monteillet	et	al.	1982;	Unwin	
&	 Heinrich	 1999;	 Benton	 et	 al.	 2000;	 Dalla	 Vecchia	
et	al.	2001;	Blackburn	2002;	Dal	Sasso	&	Pasini	2003;	
Ntamak-Nida	 et	 al.	 2006;	 Blackbeard	 &	 Yates	 2007;	
Kellner	et	al.	2007;	Costa	&	Kellner	2009;	Ibrahim	et	al.	
2010).	Morocco	represents	several	of	the	recent	finds	of	
pterosaur	fossils.

Sigogneau-Russell	 et	al.	 (1998)	 first	 reported	on	
some	 pterosaur	 material	 from	 a	 Lower	 Cretaceous	
calcareous	lens	in	the	locality	of	Anoual.	These	speci-
mens,	 nearly	 300	 isolated	 teeth,	 were	 described	 by	
Knoll	(2000),	who	identified	them	as	belonging	to	or-
nithocheirids	and	gnathosaurines,	the	latter	questioned	
by	Rodrigues	&	Kellner	 (2010)	who	pointed	out	 that	
at	 least	 some	of	 the	gnathosaurin	 teeth	could	actually	
belong	to	the	Anhangueridae	or	closely	related	taxa.

Another	 Moroccan	 pterosaur	 occurrence	 is	 the	
sequence	 of	 cervical	 vertebrae	 from	 the	 Maastrich-
tian	of	the	Oulad	Abdoun	Phosphatic	Basin	that	rep-
resents	 the	 azhdarchid	 Phosphatodraco mauritanicus	
Pereda-Suberbiola,	 Bardet,	 Jouve,	 Iarochène,	 Bouya	
&	Amaghzaz,	2003	(see	Pereda-Suberbiola	et	al.	2003;	
Kellner	2010).

Notwithstanding	these	occurrences,	most	ptero-
saur	 material	 comes	 from	 the	 Cenomanian	 Ifezouane	
and	 Aoufous	 formations	 (informally	 known	 as	 the	
Kem	Kem	beds)	(Sereno	et	al.	1996;	Cavin	et	al.	2010).	
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So	far,	these	deposits	have	yielded	isolated	anhanguerid	
teeth	(Kellner	&	Mader	1997;	Wellnhofer	&	Buffetaut	
1999),	isolated	azhdarchid	vertebrae	(Kellner	&	Mader	
1996;	 Rodrigues	 et	 al.	 2006;	 Ibrahim	 et	 al.	 2010)	 and	
fragmentary	jaws	referred	to	the	Anhangueridae,	Azh-
darchidae,	Pteranodontidae,	and	Tapejaridae	(Mader	&	
Kellner	1999;	Wellnhofer	&	Buffetaut	1999;	Kellner	et	
al.	2007;	Ibrahim	et	al.	2010),	including	two	described	
species:	 the	 anhanguerid	 Siroccopteryx moroccensis	
Mader	 &	 Kellner,	 1999	 (see	 Mader	 &	 Kellner	 1999;	
Rodrigues	&	Kellner	2008;	but	see	Ibrahim	et	al.	2010	
for	 a	 different	 classification	 of	 this	 species)	 and	 the	
azhdarchid	 Alanqa saharica Ibrahim,	 Unwin,	 Martill,	
Baidder	&	Zouhri,	2010	(see	Ibrahim	et	al.	2010).	The	
pterosaur	specimens,	although	relatively	common,	tend	
to	be	fragmentary	due	to	the	high	energy	depositional	
environment	 of	 both	 these	 units	 (Cavin	 et	 al.	 2010).	
Here	we	describe	four	specimens	that	have	been	only	
briefly	 mentioned	 in	 the	 literature	 (Kellner	 &	 Mader	
1996;	Rodrigues	et	 al.	2006),	 adding	 to	 the	better	un-
derstanding	of	the	Moroccan	pterosaur	fauna.

Institutional abbreviations: BSP,	Bayerische	Staatssammlung	
für	 Paläontologie	 und	 Geologie,	 Munich,	 Germany;	 CCMGE,	 Mu-
seum	 of	 Central	 Scientific	 Research	 Institute	 for	 Geological	 Explo-
ration,	University	of	St.	Petersburg,	Saint	Petersburg,	Russia;	CMN,	
Canadian	 Museum	 of	 Nature,	 Ottawa,	 Canada;	 FSAC,	 Faculté	 des	
Sciences	 Ain	 Chock,	 Université	 Hassan	 II,	 Casablanca,	 Morocco;	
LINHM,	 Long	 Island	 Natural	 History	 Museum,	 New	 York	 City,	
USA;	 MDM,	 Mifune	 Dinosaur	 Museum,	 Mifune,	 Japan;	 MGUV,	
Museo	del	Departamento	de	Geología	/	Universidad	de	Valencia,	Va-
lencia,	Spain;	MN,	Museu	Nacional	/	Universidade	Federal	do	Rio	de	
Janeiro,	Rio	de	 Janeiro,	Brazil;	MTM,	Magyar	Természettudományi	
Múzeum,	Budapest,	Hungary;	NHMUK,	Natural	History	Museum,	
London,	England;	SMNK,	Staatliches	Museum	für	Naturkunde	Karl-
sruhe,	 Karlsruhe,	 Germany;	 and	 TMM,	 Texas	 Memorial	 Museum,	
Austin,	USA.

Anatomical abbreviations: cap,	 capitulum	or	 radial	 condyle	
of	 the	humerus;	co,	cotyle;	con,	condyle;	dpc,	deltopectoral	crest	of	
the	 humerus;	 ect,	 ectepicondyle	 of	 the	 humerus;	 ent,	 entepicondyle	
of	the	humerus;	fo,	 foramen;	fopn,	 foramen	pneumaticum;	hyp,	hy-
papophysis;	mus,	muscle	scar;	nc,	neural	canal;	ns,	neural	spine;	poex,	
postexapophysis;	 poz,	 postzygapophysis;	 prz,	 prezygapophysis;	 ?ri,	
possible	vestigial	 cervical	 rib;	rid,	 ridge;	 sul,	 sulcus;	 tro,	 trochlea	or	
ulnar	 condyle	of	 the	humerus;	 tub,	 tubercle;	 and	ulc,	ulnar	 crest	of	
the	humerus.

Geological Settings

The	so-called	‘Continental	Intercalaire’	compris-
es	extensive	deltaic	and	brackish	deposits	in	the	Lower	
Cretaceous	 of	 North	 Africa	 (Kilian	 1931;	 Lapparent	
1960;	Cavin	et	al.	2010).	In	Morocco,	it	is	known	infor-
mally	as	the	Kem	Kem	beds	(Sereno	et	al.	1996),	whose	
fauna,	paleoenvironment	and	paleogeography	were	re-
cently	reviewed	by	Cavin	et	al.	(2010).	The	age	of	the	
Kem	Kem	beds	is	not	easy	to	be	established	due	to	the	
lack	of	marine	 intercalations,	but	by	the	constraint	of	

the	 overlying	 Akrabou	 Formation,	 whose	 lower	 part	
contains	 ammonoids	 characteristic	 of	 the	 lower	 part	
of	the	upper	Cenomanian, and	by	comparison	to	other	
North	African	faunas	of	the	‘Continental	Intercalaire’,	
it	has	been	concluded	that	they	were	deposited	during	
the	Cenomanian	(Sereno	et	al.	1996;	Cavin	et	al.	2010).

Cavin	et	al.	(2010)	emphasized	that	the	Kem	Kem	
beds	 actually	 include	 two	 formations:	 the	 Ifezouane	
Formation	at	the	bottom	and	the	Aoufous	Formation	
at	 the	 top,	 as	 pointed	 out	 before	 (e.g.,	 Ettachfini	 &	
Andreu	2004).	The	Ifezouane	Formation	is	composed	
mostly	 of	 sandstone,	 while	 the	 Aoufous	 Formation	
presents	 marls	 with	 intercalations	 of	 sandstone	 and	
microconglomerates	 (Cavin	 et	 al.	 2010).	 As	 most	 of	
the	fossils	from	the	Kem	Kem	beds	were	collected	by	
commercial	dealers,	it	is	not	possible	to	determine	their	
provenience,	both	 in	 terms	of	 locality	and	 lithostrati-
graphical	 unit	 (e.g.,	 McGowan	 &	 Dyke	 2009).	 Thus,	
the	Kem	Kem	beds	paleovertebrate	fauna	is,	 in	fact,	a	
compound	assemblage,	including	terrestrial,	freshwater	
and	brackish	vertebrates	(Cavin	et	al.	2010).

Systematic Paleontology

Pterosauria	Kaup,	1834

Pterodactyloidea	Plieninger,	1901

Dsungaripteroidea	sensu	Kellner	2003

Dsungaripteroidea	indet.

Material:	?Lower	jaw	(CMN	50859)

The	 specimen	 CMN	 50859	 consists	 of	 the	 an-
terior	 fragment	 (preserved	 length	 is	 43	 mm)	 from	 an	
edentulous	jaw,	possibly	a	mandible	(Fig.	1).	It	tapers	
anteriorly	and	shows	the	margin	opposite	to	the	occlu-
sal	surface	rounded.	In	cross-section,	the	dorsal	margin	
is	concave	and	the	lateral	edges	are	elevated.	The	lateral	
sides	are	slightly	convex,	and	a	central	oval	lumen	can	
also	be	observed.	There	 is	no	median	ridge	or	groove	
on	the	occlusal	surface.	Small	slit-like	foramina	are	also	
present	on	the	occlusal	and	lateral	surfaces,	suggesting	
that	this	portion	of	the	jaw	was	well	vascularized	or	in-
nervated.	 The	 ventral	 margin	 lacks	 any	 evidence	 of	 a	
sagittal	crest	or	keel.

Proper	 identification	 of	 such	 a	 small	 fragment	
can	only	be	made	tentatively.	The	Dsungaripteridae,	a	
clade	which	comprises	pterosaurs	that	lack	teeth	on	the	
tip	 of	 the	 jaws	 (Young	 1964,	 1973),	 can	 be	 ruled	 out	
since	 the	cross-section	 is	not	circular	 in	CMN	50859.	
Among	 tapejarids	 sensu	 Kellner	 (2003),	 all	 species	 of	
the	 Tapejarinae	 possess	 dentary	 crests	 (Wellnhofer	 &	
Kellner	1991;	Li	et	al.	2003;	Wang	&	Zhou	2003;	Lü	&	
Yuan	2005;	Lü	et	al.	2006;	Kellner	&	Campos	2007),	a	
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feature	absent	in	the	preserved	portion	of	CMN	50859.	
The	new	material	also	differs	from	the	thalassodromin	
Thalassodromeus sethi	 Kellner	 &	 Campos,	 2002	 by	
the	lack	of	the	distinctive	sharp	dorsal	edge	(Kellner	&	
Campos	2002).

The	 tips	 of	 the	 jaws	 in	 the	 tapejarid	 genus	 Tu-
puxuara,	in	the	Pteranodontidae	sensu	Kellner	(2003),	
Nyctosauridae,	Chaoyangopteridae,	and	in	most	of	the	
azhdarchids,	are	similar	to	CMN	50859	and	we	cannot	
properly	assign	the	material	to	any	of	these.	Compared	
with	other	Moroccan	toothless	jaws,	the	preserved	por-
tion	of	CMN	50859	shares	the	concave	dorsal	surface	
with	BSP	1993	IX	338	(Wellnhofer	&	Buffetaut	1999),	
here	 regarded	 as	 a	 lower	 jaw	 (contra	 Ibrahim	 et	 al.	
2010),	and	MN	7054-V	(Kellner	et	al.	2007),	tentatively	
referred	to	the	Pteranodontoidea	(sensu	Kellner	2003)	
(Wellnhofer	 &	 Buffetaut	 1999;	 Kellner	 et	 al.	 2007)	 or	
to	 the	 Azhdarchidae	 (BSP	 1993	 IX	 338;	 Ibrahim	 et	
al.	2010).	CMN	50859	lacks	the	low	sagittal	crest	and	
has	a	quite	distinct	cross-section	from	the	recently	de-
scribed	azhdarchid	Alanqa saharica	(see	Ibrahim	et	al.	
2010),	indicating	that	a	second	edentulous	species	was	
present	 in	the	Kem	Kem	beds	compound	assemblage.	
As	comparisons	are	 limited	and	CMN	50859	also	can	
not	be	undoubtedly	identified	as	a	lower	jaw,	it	is	here	
referred	 in	 the	 Dsungaripteroidea,	 a	 clade	 which	 in-
cludes	all	toothless	pterosaurs	besides	the	Anhangueri-
dae,	the	Istiodactylidae	and	the	Dsungaripteridae	(Kel-
lner	2003,	Wang	et	al.	2009;	but	see	Unwin	2003	for	a	
different	hypothesis	of	pterosaur	phylogeny).

Azhdarchidae	Nessov,	1984

Azhdarchidae	indet.

Material:	 Mid-cervical	 vertebrae	 (CMN	 50801	 and	 LINHM	
014)

The	 two	cervical	vertebrae	described	here	 show	
similar	 basic	 morphology	 to	 one	 another.	 Both	 are	
elongated	and	clearly	belong	to	the	middle	series	(be-
tween	cervical	vertebrae	4	and	7).

CMN	 50801	 (Figs	 2,	 3)	 is	 well	 preserved,	 with	
no	 major	 signs	 of	 compression.	 The	 centrum	 is	 elon-
gate	(119	mm	long,	18	mm	minimum	width)	and	some-
what	 flattened	 dorsoventrally.	 No	 lateral	 pneumatic	
foramina	 are	 present.	 Two	 well-defined	 longitudinal	
sulci	are	observed	on	 the	anterior	part,	at	 the	ventro-
lateral	 surfaces.	 The	 anterior	 cotyle	 is	 saddle-shaped,	
bearing	a	short	and	blunt	hypapophysis	on	the	ventral	
surface.	 The	 posterior	 condyle	 is	 expanded,	 sub-oval	
in	shape,	somewhat	flattened	dorsoventrally,	and	has	a	
shallow	depression	underneath.	The	neural	spine	is	low	
and	 elongated	 anteroposteriorly,	 extending	 along	 the	
whole	 length	of	 the	neural	 arch.	 In	 anterior	 and	pos-

terior	views,	two	proportionally	large,	oval	pneumatic	
foramina	are	present	lateral	to	the	neural	canal.	A	third	
pneumatic	foramen	is	also	present	on	the	anterior	side,	
located	dorsally	to	the	neural	canal,	but	is	absent	pos-
teriorly.	The	present	specimen	does	not	have	the	right	
prezygapophysis	 preserved.	 The	 articular	 facet	 of	 the	
left	 prezygapophysis	 is	 broad,	 dorsally	 flattened,	 and	
oriented	anteroventrally.	A	small	ossification	is	present	
ventral	to	the	prezygapophysis	and	lateral	to	the	cen-
trum,	which	appears	to	be	the	vestige	of	the	cervical	rib	
(either	a	fused	cervical	rib	or	an	apophysis	for	the	ar-
ticulation	of	an	unfused	one),	including	a	foramen	(fo-
ramen	transversarium).	A	shallow	sulcus	starts	at	 this	
foramen	 and	 ends	 at	 the	 middle	 part	 of	 the	 centrum.	
The	postexapophyses	are	horn-like	and	slightly	diver-
gent	from	each	other.	Each	bears	small	dorsolateral	tu-
bercles.	The	articular	surfaces	of	the	postzygapophyses	
are	wide,	flat	and	directed	lateroposteriorly,	somewhat	
inclined	downwards.

The	 vertebra	 LINHM	 014	 (Fig.	 4)	 is	 also	 well-
preserved,	with	a	very	elongate	centrum	(182	mm	long,	
32	 mm	 minimum	 width)	 that	 lacks	 lateral	 pneumatic	
foramina.	 Longitudinal,	 ventrolateral	 sulci	 are	 also	
clearly	 visible	 in	 this	 specimen,	 as	 is	 the	 ossification	
regarded	as	the	vestige	of	the	cervical	ribs.	On	the	an-
terior	side,	a	blunt	hypapophysis	is	present.	Ventrally,	
there	 are	 two	 large,	 round	 pneumatic	 openings,	 each	
one	located	laterally	to	the	hypapophysis.	Being	paired	
structures,	 they	 can	 be	 considered	 original	 morpho-
logical	features	and	not	artifacts	derived	from	prepara-
tion,	pathological	or	taphonomic	processes.	The	neural	
spine	 is	 low	and	 the	condyle	 laterally	 expanded.	Two	
large	 pneumatic	 foramina	 are	 also	 observed	 lateral	 to	
the	neural	canal,	in	both	anterior	and	posterior	views.	
The	 articular	 region	 of	 the	 left	 prezygapophysis	 is	
missing.	A	prominent	foramen	is	present	beneath	each	
prezygapophysis	and	continued	as	a	ventrolateral	sul-
cus,	as	seen	in	CMN	50801.	The	postexapophyses	are	

Fig.	1	 -	?Mandible,	CMN	50859.	A)	CMN	50859	 in	dorsal	view;	
B)	CMN	50859	in	ventral	view;	C)	CMN	50859	in	left	lat-
eral	 view;	 D)	 CMN	 50859	 in	 proximal	 view.	 Scale	 bar	 =	
10mm.
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Fig.	2	 	-	Mid-cervical	vertebra,	CMN	
50801.	 A)	 CMN	 50801	 in	
dorsal	view;	B)	CMN	50801	
in	left	lateral	view;	C)	CMN	
50801	 in	 right	 lateral	 view;	
D)	 CMN	 50801	 in	 ventral	
view.	 Abbreviations	 in	 the	
text.	Scale	bar	=	50	mm.

Fig.	3	 	-	Mid-cervical	vertebra,	CMN	50801.	A),	CMN	50801	in	anterior	view;	B)	CMN	50801	in	posterior	view.	Abbreviations	in	the	text.	
Scale	bar	=	10	mm.
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horn-like	and	also	bear	dorsolateral	tubercles.
The	 very	 elongate	 centrum,	 low	 neural	 spine,	

lack	 of	 lateral	 pneumatic	 foramina	 on	 the	 centrum,	
and	 a	 neural	 arch	 fully	 integrated	 into	 a	 tubular	 ver-
tebral	 body	 allow	 the	 placement	 of	 both	 vertebrae	 in	
the	 Azhdarchidae	 (Kellner	 2003,	 2004;	 Unwin	 2003;	
Andres	&	Ji	2008).

Among	 azhdarchids,	 ventrolateral	 sulci	 and	 ca-
nals	are	observed	in	Azhdarcho lancicollis	Nessov,	1984	
(see	 Nessov	 1984;	 Averianov	 2010),	 Phosphatodraco 
mauritanicus	 (see	 Pereda-Suberbiola	 et	 al.	 2003),	 and	
some	 isolated	 specimens	 (Buffetaut	 1999;	 Ősi	 et	 al.	
2005;	Henderson	&	Peterson	2006).	The	saddle-shaped	
anterior	 cotyle	 is	 similar	 to	 that	 of	 other	 azhdarchid	
vertebrae	 but	 differs	 from	 Arambourgiania philadel-
phiae	 (Arambourg,	 1959),	where	 the	 cotyle	 is	 as	high	

as,	or	higher	than,	wide	(Martill	et	al.	1998).
A	pneumatic	foramen	located	dorsally	by	to	the	

neural	canal,	as	seen	in	CMN	50801,	is	also	present	in	
Azhdarcho lancicollis	 (including	the	same	proportions	
seen	 in	 the	 holotype	 specimen,	 CCMGE	 1/11915,	
Nessov	 1984;	 Averianov	 2010),	 but	 absent	 in	 Aram-
bourgiania philadelphiae	 (see	 Martill	 et	 al.	 1998)	 and	
other	isolated	azhdarchid	cervical	vertebrae	(Company	
et	al.	1999;	Buffetaut	2001;	Ősi	et	al.	2005;	Henderson	
&	Peterson	2006).	The	presence	of	this	third	pneumatic	
opening	has	been	regarded	as	a	possible	generic	charac-
ter	for	Azhdarcho	(Bennett	1989);	however,	it	was	later	
found	to	be	also	present	in	Pteranodon (Bennett	2001).	
It	 is	 also	 noteworthy	 that	 the	 pneumatic	 foramina	
present	in	the	neural	arch	of	Azhdarcho lancicollis	vary	
in	number,	size	and	conspicuity,	depending	on	the	po-

Fig.	4	 	-	Mid-cervical	 vertebra,	 LIN-
HM	014.	A)	LINHM	014	in	
dorsal	view;	B)	LINHM	014	
in	right	lateral	view;	C)	LIN-
HM	 014	 in	 left	 lateral	 view;	
D)	 LINHM	 014	 in	 ventral	
view.	 Abbreviations	 in	 the	
text.	Scale	bar	=	50	mm.
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sition	of	the	vertebra	in	the	neck	(Nessov	1984;	Averi-
anov	2010).	Detailed	studies	are	still	needed	to	evaluate	
how	 this	 feature	 evolved	 within	 the	 Pterodactyloidea	
and	which	are	its	systematic	implications.

In	anterior	view,	the	anterior	margin	of	the	dor-
sal	surface	of	CMN	50801	presents	two	concave	areas	
separated	by	the	median	elevation	of	the	neural	canal,	
similar	 to	 the	 condition	 seen	 in	 Azhdarcho lancicollis	
(CCMGE	1/11915,	Nessov	1984;	Averianov	2010).	At	
the	posterior	end,	the	dorsal	surface	forms	a	distinctive	
convex	roof,	thus	differing	from	the	Hungarian	verte-
bra	MTM	Gyn/450	(Ősi	et	al.	2005),	the	Spanish	verte-
bra	MGUV	2271	(Company	et	al.	1999),	and	also	from	
Azhdarcho (cast	 BSP	 1992	 I	 19),	 all	 of	 which	 present	
two	 small	 concave	 areas,	 separated	by	 the	 low	neural	
spine.	Furthermore,	both	Moroccan	specimens	do	not	
show	the	ridge	parallel	to	the	neural	spine	observed	on	
the	right	side	of	the	neural	arch	of	an	azhdarchid	verte-
bra	from	Japan	(Ikegami	et	al.	2000).

The	prezygapophyses	 in	LINHM	014	are	more	
divergent	 and	 shorter	 than	 in	CMN	50801,	 the	Hun-
garian	azhdarchid	vertebra	MTM	Gyn/448	 (Ősi	 et	al.	
2005),	 Arambourgiania philadelphiae,	 Quetzalcoatlus	
sp.	and	Azhdarcho lancicollis	(see	Nessov	1984;	Martill	

et	al.	1998,	Ősi	et	al.	2005;	Averianov	2010).	 In	LIN-
HM	 014,	 the	 postzygapophyses	 are	 also	 shorter	 and	
less	 divergent	 than	 in	 the	 Hungarian	 vertebra	 MTM	
Gyn/450	(Ősi	et	al.	2005),	and	broader	than	in	CMN	
50801.	 However,	 LINHM	 014	 has	 a	 concave	 surface	
between	 the	 postexapophyses	 in	 ventral	 view,	 which	
is	absent	in	FSAC-KK	34,	another	azhdarchid	cervical	
vertebra	 from	 the	 Kem	 Kem	 beds	 of	 Morocco	 (Ibra-
him	 et	 al.	 2010).	 Furthermore,	 LINHM	 014	 has	 pos-
texapophyses	larger	than	the	postzygapophyses,	as	also	
reported	in	other	specimens	(Buffetaut	1999;	Company	
et	al.	1999),	and	opposed	to	CMN	50801.

Azhdarchoidea	(sensu	Kellner	2003)

Azhdarchoidea	indet.

Material:	Humerus	(CMN	50814)

CMN	 50814	 is	 a	 right	 humerus	 consisting	 of	
proximal	and	distal	portions	separated	by	a	small	gap.	
The	 preserved	 proximal	 part	 (Fig.	 6)	 is	 134	 mm	 long	
and	the	widest	preserved	portion	is	78	mm.	The	humer-
al	head	is	wide	(65	mm)	and	shows	the	saddle-shaped	

Fig.	5	 	-	Azhdarchidae	 cervical	 verte-
brae	in	dorsal	view.	A)	LIN-
HM	 014;	 B)	 CMN	 50801,	
inverted;	C)	MTM	Gyn/448;	
D)	Quetzalcoatlus	sp.	(TMM	
41544-16,	 cast	NHMUK	PV	
R	 9323),	 inverted;	 E)	 Azh-
darcho lancicollis	 (CCMGE	
1/11915,	cast	BSP	1992	I	17),	
inverted	;	F)	Arambourgiania 
philadelphiae	 (cast	 at	 the	
SMNK);	 G)	 MDM	 349;	 H)	
MTM	 Gyn/450;	 I)	 FSAC-
KK	34.	Scale	bars	=	50	mm.
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condition	typical	of	pterosaurs.	Breakages	show	a	very	
thin	cortical	bone	supported	internally	by	a	system	of	
trabeculae.	On	the	ventral	surface	there	is	a	small	pneu-
matic	foramen	(10.5	mm	diameter)	located	medially	at	
the	base	of	the	deltopectoral	crest.	An	internal	mould	
of	this	foramen	is	observed.	Both	the	ulnar	and	delto-
pectoral	crests	are	broken	off.	A	well	developed	muscle	
scar	(probably	for	m. triceps;	see	Bennett	2003),	with	a	
rugose	surface,	is	observed	on	the	dorsal	surface	of	the	
shaft,	 close	 to	 the	 medial	 side.	 It	 starts	 about	 80	 mm	
from	the	humeral	head,	shortly	below	the	level	of	the	
base	of	the	ulnar	crest,	running	for	44	mm	until	reach-
ing	 the	 end	 of	 the	 preserved	 portion	 of	 the	 humerus,	
suggesting	that	it	was	longer.

The	distal	preserved	portion	of	the	humerus	(Fig.	
7)	is	128	mm	long.	Ventrally,	the	capitulum	(radial	con-
dyle)	and	the	trochlea	(ulnar	condyle)	are	well	delim-
ited.	 The	 intertrochlear	 sulcus	 is	 deep	 and	 somewhat	
wide.	There	is	a	pneumatic	opening	of	about	5	mm	in	

diameter	on	the	lateral	side	of	the	capitulum,	entering	
beneath	 it	 (fig.	 7C).	 A	 second,	 larger	 pneumatic	 fo-
ramen	 (30	 mm	 long	 and	 11	 mm	 wide;	 fig.	 7A)	 and	 a	
strong	muscle	scar	are	present	proximal	to	the	capitu-
lum.	The	ectepicondyle	is	well	marked,	and	the	entepi-
condyle	is	very	robust	and	prominent.	The	distal	end	is	
complete	and	has	a	maximum	width	of	100	mm.	In	dis-
tal	view,	it	is	rectangular,	with	a	depressed	middle	part.

A	 pneumatic	 foramen	 located	 on	 the	 ventral	
side	 of	 the	 proximal	 part	 of	 the	 humerus	 is	 present	
in	 Nyctosaurus,	 Pteranodon	 and	 the	 Azhdarchoidea,	
while	 a	 rectangular	distal	 end	 in	distal	view	 is	 similar	
to	the	condition	observed	only	in	the	Azhdarchoidea,	
differing	 from	the	sub-triangular	 shape	present	 in	 the	
Pteranodontoidea	(Bennett	2001;	Kellner	2003).	Thus,	
this	 specimen	 can	 be	 confidently	 referred	 as	 an	 azh-
darchoid,	although	a	more	restricted	identification	to	a	
particular	taxon	is	not	possible	at	the	time.

Among	azhdarchoids,	there	are	some	humeri	ref-

Fig.	6	 	-	Proximal	 part	 of	 the	 right	
humerus,	 CMN	 50814.	 A)	
CMN	 50814	 in	 ventral	 view;	
B)	 CMN	 50814	 in	 dorsal	
view.	 Abbreviations	 in	 the	
text.	Scale	bar	=	50	mm.

Fig.	7	 -	Distal	 part	 of	 the	 right	 hu-
merus,	 CMN	 50814.	 A)	
CMN	50814	in	ventral	view;	
B)	 CMN	 50814	 in	 dorsal	
view;	 C)	 inset	 showing	 the	
pneumatic	 foramen	 on	 the	
lateral	 side	 of	 the	 capitulum.	
Abbreviations	 in	 the	 text.	
Scale	bar	equals	50	mm	in	A	
and	B,	and	10	mm	in	C.



156 Rodrigues T., Kellner A.W.A., Mader B.J. & Russell D.A.

erable	 to	 the	Azhdarchidae	preserved	 in	 three	dimen-
sions.	 CMN	 50814	 is	 somewhat	 similar	 in	 shape	 to	
Montanazhdarcho minor Padian,	de	Ricqlès	&	Horner,	
1995	 (McGowen	 et	 al.	 2002),	 although	 substantially	
larger.	The	humeri	of	Quetzalcoatlus sp.	(TMM	41544-
9,	cast	MN	4715-V),	Quetzalcoatlus northropi Lawson,	
1975	 (TMM	 41450-3,	 cast	 MN	 6952-V),	 Montanazh-
darcho minor	(McGowen	et	al.	2002),	and	a	yet	unde-
scribed	 tapejarid	 specimen	 from	 Brazil	 (MN	 6505-V)	
have	 a	 pneumatic	 opening	 beneath	 the	 capitulum.	 A	
pneumatic	foramen	proximal	to	the	capitulum,	as	clear-
ly	observed	in	CMN	50814,	also	occurs	in	Pteranodon 
(Bennett	2001)	and	MN	6505-V.	Quetzalcoatlus	sp.	has	
a	shallow	depression	located	on	the	same	place,	but	its	
association	 with	 a	 pneumatic	 diverticulum	 is	 unclear,	
and	Quetzalcoatlus northropi	seems	to	lack	this	charac-
ter.	Furthermore,	the	distal	articulation	of	CMN	50814	
lacks	the	bony	ridge	present	in	Quetzalcoatlus northopi 
(Fig.	 8C), Quetzalcoatlus sp.	 (Fig.	 8D),	 and	 in	 Azh-
darcho lancicollis	 (see	 Averianov	 2010),	 and	 therefore	
the	Moroccan	 specimen	can	not	be	 referred	 to	Quet-
zalcoatlus	 or	 Azhdarcho.	 The	 proximally	 located	 scar	
found	in	the	Moroccan	specimen	is	much	stronger	than	
in	 other	 pterodactyloid	 pterosaurs,	 including	 Quet-
zalcoatlus northopi and	Quetzalcoatlus sp.,	where	it	is	
only	slightly	marked.	In	both	Quetzalcoatlus northopi 
and	Quetzalcoatlus sp.	 the	entepicondyle	 is	compara-
tively	smaller	than	in	CMN	50814	(Fig.	7,	8).

Discussion

Three	 edentulous	 pterosaur	 jaws	 from	 the	Kem	
Kem	beds	were	described	by	Wellnhofer	&	Buffetaut	

(1999),	who	tentatively	regarded	them	as	one	pterano-
dontid	upper	 jaw	(BSP	1993	IX	338),	one	azhdarchid	
upper	jaw	(BSP	1996	I	36)	and	one	tapejarid	lower	jaw	
(BSP	1997	I	67).	Recently,	Averianov	et	al.	(2008)	con-
sidered	all	of	them	as	belonging	to	the	same	azhdarchid	
taxon,	 from	 different	 parts	 of	 the	 jaw.	 As	 Ibrahim	 et	
al.	 (2010),	 we	 agree	 with	 the	 original	 description	 that	
BSP	1997	I	67	is	a	partial	lower	jaw	and	best	referable	
to	the	Tapejaridae	(Wellnhofer	&	Buffetaut	1999;	Kel-
lner	2004).	As	in	all	tapejarines,	it	has	a	concave	dorsal	
surface	 and	 a	 deep	 crest	 (Wellnhofer	 &	 Kellner	 1991;	
Kellner	&	Campos	2007).	In	fact,	this	fragment	is	very	
similar	to	the	correspondent	portion	of	the	mandible	of	
Sinopterus dongi	Wang	&	Zhou,	2003	from	the	Aptian	
of	China	(Wang	&	Zhou	2003),	although	being	larger.

Ibrahim	et	al.	(2010)	identified	BSP	1996	I	36	as	
a	lower	jaw	fragment,	a	view	with	which	we	agree,	and	
referred	it	in	a	new	species,	Alanqa saharica.	We	agree	
that	this	mandible	is	diagnostic	but	we	do	not	support	
the	 identification	of	 the	 third	 jaw	 fragment	BSP	1993	
IX	338	as	the	upper	jaw	of	the	same	taxon	(Ibrahim	et	
al.	2010),	because	it	is	based	only	on	overall	shape	and	
size	 similarities.	As	 it	 is	 shown	above,	 the	new	 lower	
jaw	fragment	described	here	(CMN	50859)	has	a	much	
different	 cross-section	 with	 respect	 to	 the	 tip	 of	 the	
mandible	 of	 Alanqa saharica,	 suggesting	 the	 presence	
of	 another	 edentulous	 pterosaur	 from	 the	 Kem	 Kem	
beds	 compound	 assemblage.	 Therefore,	 we	 suggest	
that	the	material	referred	to	Alanqa saharica	should	be	
constrained	to	the	holotype	and	two	other	lower	jaws	
(BSP	1996	I	36	and	FSAC-KK	31),	at	least	until	more	
complete	or	associated	material	comes	to	light	and	con-
fidently	solves	this	ambiguity.	Furthermore,	BSP	1993	
IX	338	is	very	low	and	therefore	can	be	regarded	as	a	

Fig.	8	 	-	Azhdarchoidea	 humeri	 in	
distal	 view.	 A)	 CMN	 50814;	
B)	Tapejaridae	(MN	6505-V);	
C)	 Quetzalcoatlus northropi	
(TMM	 41450-3,	 cast	 MN	
6952-V); D) Quetzalcoatlus	
sp.	 (TMM	41544-9,	cast	MN	
4715-V).	 Abbreviations	 in	
the	 text.	 Scale	 bar	 equals	 10	
mm	in	A,	B	and	D,	50	mm	in	
C.
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lower	jaw,	sharing	the	concave	dorsal	surface	and	lack	
of	a	sagittal	crest	with	the	lower	jaw	of	Pteranodon	and	
Dawndraco	(e.g.	Bennett	2001;	Kellner	2010).	For	the	
time	 being,	 we	 agree	 with	 the	 original	 attribution	 by	
Wellnhofer	 &	 Buffetaut	 (1999)	 that	 BSP	 1993	 IX	 338	
is	most	probably	a	Pteranodontidae	or	closely	related	
taxon	(as	also	pointed	out	by	Cavin	et	al.	2010).

Both	vertebrae	described	here	are	referred	to	the	
Azhdarchidae.	 Apart	 from	 their	 overall	 resemblance,	
LINHM	014	is	larger	and	comparatively	less	elongate	
than	CMN	50801.	Besides,	the	paired	ventral	pneumat-
ic	openings	present	only	in	LINHM	014	are	unknown	
in	 any	 other	 pterosaur	 specimen.	 As	 both	 vertebrae	
were	 found	 in	 isolation,	 it	 is	 not	 possible	 to	 know	 if	
they	pertained	to	different	positions	on	the	neck	(such	
that	the	presence	of	these	foramina	would	be	typical	of	
one	 of	 the	 cervical	 vertebrae	 but	 absent	 in	 others)	 or	
if	 these	features	suggest	that	two	different	azhdarchid	
species	coexisted	in	this	region.	CMN	50801	shares	an	
overall	 similar	morphology	with	 the	specimen	CCM-
GE	1/11915,	holotype	of	Azhdarcho lancicollis,	which	
was	referred	as	the	?fifth	cervical	(Bakhurina	&	Unwin	
1995).	 Comparisons	 to	 the	 published	 proportions	 of	
Phosphatodraco mauritanicus	(see	Pereda-Suberbiola	et	
al.	 2003)	 indicate	 that	both	Moroccan	vertebrae	com-
pare	well	with	the	putative	sixth	cervical;	however,	the	
described	 fifth	 cervical	 actually	 consists	 of	 two	 sepa-
rate,	closely	articulated	third	and	fourth	cervical	verte-
brae	 (Kellner	2010).	Therefore,	both	Moroccan	verte-
brae	here	described	show	proportions	similar	to	what	
is	 actually	 the	 fifth	 cervical	 of	 Phosphatodraco mau-
ritanicus.	 If	 these	 suppositions	 are	 correct,	 then	 both	
specimens	are	fifth	cervicals	and	therefore	representa-
tives	of	two	different	azhdarchid	taxa.

Both	 Moroccan	 vertebrae	 described	 here	 differ	
from	 the	 fifth	 cervical	 of	 Quetzalcoatlus	 sp.	 (TMM	
41544-15,	 cast	 NHMUK	 PV	 R	 9325),	 which	 is	 ex-
tremely	 elongate,	 demonstrating	 that	 they	 concern	
relatively	 small	 individuals	 when	 in	 comparison	 with	
derived	azhdarchids.

The	humerus	CMN	50814	allows	a	better	estima-
tive	of	 the	wingspan	of	 this	 individual.	 It	can	be	esti-
mated	that	at	 least	between	35	mm	and	50	mm	of	the	
shaft	 is	missing,	 rendering	a	minimum	total	 length	of	
the	humerus	of	about	300	mm.	Comparisons	with	the	
estimated	 wingspans	 of	 Quetzalcoatlus northropi	 and	
Montanazhdarcho minor	 (whose	 holotypes	 possess	
complete	 humeri)	 rendered	 an	 estimative	 of	 ca.	 5.5-6	
m	for	this	individual.	Even	if	different	growth	rates	in	
wing	bones	of	the	same	individual	are	taken	into	con-
sideration	 (as	 shown	 by	 Sayão	 2003),	 such	 estimative	
indicates	 that	 CMN	 50814	 concerns	 a	 large	 but	 not	
gigantic	 pterosaur.	 As	 both	 distal	 epiphyses	 are	 well	
fused	to	the	humeral	shaft,	CMN	50814	can	be	consid-
ered	at	least	a	sub-adult	individual	(Bennett	1993).

Conclusions

Despite	 the	 large	 number	 of	 pterosaurs	 known	
to	 date,	 the	 attribution	 of	 isolated	 edentulous	 jaws	 is	
still	 not	 well	 understood,	 as	 illustrated	 by	 the	 scarce	
number	 of	 characters	 in	 phylogenetic	 matrices	 that	
could	 be	 used	 in	 this	 regard	 (e.g.,	 Kellner	 2003;	 Un-
win	 2003;	 Andres	 &	 Ji	 2008;	 Lü	 et	 al.	 2009;	 Wang	 et	
al.	 2009).	 Clades	 such	 as	 the	 Azhdarchoidea	 might	
comprise	a	relatively	high	morphological	diversity,	and	
more	complete	material	is	still	needed	to	better	under-
stand	this.	Perhaps	somewhat	surprisingly,	 the	 identi-
fication	 of	 isolated	 postcranial	 material	 of	 edentulous	
taxa	is	less	of	a	challenge.	Certain	features	(e.g.,	the	rec-
tangular	distal	end	of	the	humeri)	provide	clades	good	
support	and	can	be	used	in	referrals	to	more	inclusive	
clades	with	confidence.

Furthermore,	the	vertebrae	here	described	provide	
a	hint	on	azhdarchid	evolution,	showing	a	low	but	not	
vestigial	neural	spine,	suggesting	that	the	height	of	the	
neural	spine	reduced	in	at	least	some	more	derived	and	
younger	 azhdarchid	 forms,	 such	 as	 the	 Maastrichtian	
species	Quetzalcoatlus northropi	and	Arambourgiania 
philadelphiae,	 which	 also	 possess	 an	 extreme	 elonga-
tion	of	the	cervical	vertebrae	(Kellner	&	Langston	1996;	
Martill	et	al.	1998;	Henderson	&	Peterson	2006).

Pterosaur	specimens	from	the	Ifezouane	and	the	
Aoufous	 formations	 of	 Morocco,	 even	 though	 being	
incomplete	and	 found	 isolated,	 can	be	extremely	well	
preserved,	as	it	is	the	case	of	the	two	cervical	vertebrae	
here	 described.	 They	 comprise	 a	 rather	 wide	 range	
of	 dsungaripteroid	 clades,	 and	 represent	 so	 far	 the	
most	 diverse	 pterosaur	 fauna	 from	 Africa	 (Kellner	 et	
al.	2007;	 Ibrahim	et	al.	2010).	Whether	 such	a	diverse	
fauna	coexisted	temporally	or	is	an	artifact	of	the	lack	
of	 detailed	 stratigraphic	 information	 still	 remains	 to	
be	accessed.	In	any	case,	the	existence	of	such	high	di-
versity	of	clades	shows	the	potential	of	new	finds	that	
these	formations	could	yield.
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