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ABSTRACT 

A jaw bone attributed to the mid-Cretaceous azhdarchid pterosaur Alanqa saharica Ibrahim et al., 

2010 is described. The new specimen from the Kem Kem beds of south eastern Morocco is unusual 

for the presence of expanded rostral bones that protrude above the occlusal surface of the jaws. The 

function of this unusual osteological modification is uncertain, but it is considered likely that it 

served a role in food processing, perhaps jaw stability.  
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1. Introduction

Azhdarchid pterosaurs possessed highly elongate, slender, toothless jaws and have been regarded 

as stork or ground hornbill analogues in some terrestrial environments of the mid to Late 

Cretaceous (Witton, 2007; Witton and Naish, 2008). Some azhdarchid taxa achieved gigantic 

proportions with wing span estimated to be between 9 and 11 metres (Lawson, 1975; Frey and 

Martill, 1996; Witton, 2007; Witton and Habib, 2010). Their remains have been reported from 

Europe (Hungary Bakonydraco (found to be a tapejarid in the phylogenetic analysis of Andres and 

Myers [2013]; Romania Hatzegopteryx, and its junior synonym Eurazhdarcho; France, Spain and 
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Russia, indeterminate remains;) the Middle East (Arambourgiania), Central Asia (Azhdarcho, 

Aralazhdarcho, Volgadraco ), China (Zhejiangopterus), North America (Montanazhdarcho, 

Quetzalcoatlus), and North Africa (Alanqa, Phosphatodraco), where they range from as early as 

the Cenomanian to the Late Maastrichtian. Only Alanqa, Aralazhdarcho, Azhdarcho, Bakonydraco, 

Hatzegopteryx, Quetzalcoatlus and Zhejiangopterus have been reported with cranial remains 

(Table 1). In most cases these cranial are fragmentary jaw tips, and in some case it has proven 

difficult to distinguish between upper and lower jaw. The skull of Zhejiangopterus is known from a 

complete, but laterally crushed example but it has not been described in detail (Lü and Unwin, 

1997). Similarly, a partial skull and mandible has been described for Quetzalcoatlus sp. (Kellner 

and Langstone, 1996) and a partial posterior skull is known for Hatzegopteryx (Buffetaut et al., 

2002).    Only rostral fragments are known for Alanqa, Aralazhdarcho, Azhdarcho and 

Bakonydraco. 

The group is largely characterised by possessing highly elongate necks achieved by hyper 

elongation of some of the cervical vertebrae (most notably cv III to cv VI: Averianov, 2013; Frey 

and Martill, 1996; Ősi et al., 2005), elongate skulls with a generally slender mandible and wings 

with a highly shortened terminal phalange (Witton, 2013). Here we describe a new partial jaw of 

cf. Alanqa saharica that displays bony protuberances on the occlusal surface, and consider their 

function in terms of feeding and other roles. 

Museum abbreviations. BSP, Bayerische Staatssammlung für Paläontologie und Geologie, Munich, 

Germany; FSAC, Faculté des Sciences Aïn Chock, Université Hassan II, Casablanca, Morocco.  

2. Context

The specimen described here (FSAC-KK 4000) was discovered by a local collector on the flanks of 

an escarpment of Cretaceous strata south east of the small oasis community of Hassi El Begaa, near 

Taouz, Er Rachidia Province in south-eastern Morocco (Fig 1.). Here the fluvio-lacustrine Kem 

Kem beds of mid Cretaceous age rest unconformably on folded Palaeozoic strata and are overlain 

by transgressive marine carbonates of middle Cenomanian age (Fig. 2.) (Martill et al., 2011). 

Certain horizons within the Kem Kem beds at this locality are rich in isolated, and occasionally 

associated vertebrate remains, including the elasmobranchs Onchopristis and Asteracanthus, bony 

fishes (the coelacanth cf. Mawsonia, Lepidotes sp., the lungfish Ceratodus), crocodilians, dinosaurs 

(e.g. Spinosaurus, Carcharodontosaurus, Rebbachisaurus) and pterosaurs (Alanqa and an 

indeterminate ornithocheirid). The vertebrate assemblage from this locality and several nearby sites 

has been described by Lavocat (1954), Sereno et al. (1996), Dutheil (1999), Gaffney et al. (2006), 

Ibrahim, Varricchio et al. (2014), Ibrahim, Sereno et al. (2014) and Cavin et al. (2010), and several 



authors have reported pterosaur remains (Wellnhofer and Buffetaut, 1999; Ibrahim et al., 2010; 

Rodrigues et al., 2011). 

3. Systematic palaeontology and description

3.1 Systematics. 

Pterosauria Kaup, 1834 

Pterodactyloidea Plieninger, 1901 

Azhdarchoidea Unwin, 1992 

Azhdarchidae Nessov, 1984 (emend. Padian, 1986) 

cf. Alanqa saharica Ibrahim et al., 2010 

Material: The specimen described here is a single portion of symphysial mandible accessioned to 

the collection of the University of Casablanca No. FSAC-KK 4000. 

Horizon and stage: Kem Kem beds, Hassi El Begaa, Er Rachidia Province, south-eastern Morocco; 

mid-Cretaceous (probably Albian to lower Cenomanian). 

Locality: Aferdou N’Chaft mesa, near Hassi Er Begaa, Er Rachidia Province, Morocco. 30° 53’ 

59.33” N   3° 50’ 44.91” W. Elevation 790 m. 

3.2 Description. 

General: Specimen FSAC-KK 4000 is a portion of jaw 157 mm long with broken ends both 

anteriorly and posteriorly (Fig. 3). It displays an occlusal surface with a shallow median sulcus 

between prominent, gently tapered, straight and even lateral margins. The broken areas of the 

specimen reveal an internal arrangement of trabeculae that are sparsely distributed anteriorly, but 

much more dense and complex posteriorly. The broken surfaces also show some post-mortem 

wear. The bone is grey to pale grey and has a few patches of adherent, red to pink sandy matrix 

attached. Posteriorly there are paired, elongate tapered protuberances that extend from a position 

exterior to the lateral margins of the jaw posteriorly and extend toward the median line of the 

occlusal surface of the jaw. They do not meet in the middle, but taper to a point that then becomes 

flush with the occlusal surface defining faint sutures that meet in the midline (Fig. 3).  The bone is 

thin (1 mm to 1.5 mm), and consistent with a pterosaurian affinity for the specimen (other 

measurements are given in Table 2). Much of the bone is lightly abraded with the fibrous internal 

texture beneath smooth endosteal bone exposed. There is some micro-pitting due to pressure 

solution by compacted quartz grains.  



Occlusal surface. The occlusal surface is concave, smooth and lacks any midline structure for all of 

its length from the anterior most position until a point anterior to the pair of elongate protuberances 

noted above. At this point the sulcus deepens as it passes between the protuberances, but laterally 

rises until it ‘wraps’ laterally around the protuberance on each side, becoming confluent with the 

jaw margin. At the posterior most position the sulcus is confluent with the medial margins of the 

protuberances. A faint suture is visible extending anteriorly to the mid-line from the anterior 

termination of the protuberances (Figs. 3E, 4A), and is seen more clearly in oblique view (Fig. 3E-

G). The exposed internal vacuity reveals a flattened internal surface of the occluding part of the jaw 

posteriorly becoming concave anteriorly. 

Lateral margins. The lateral margins of the jaw are preserved to a maximum height of 9 mm. The 

margins are straight, sub-parallel, tapering anteriorly and estimated to converge to a sharp point 

approximately 330 mm in front of the broken anterior margin. The lateral wall of the jaw is 

thickened at the boundary between the lateral margins and the occlusal surface (Fig. 4D), 

producing a sloping buttress with the occlusal surface in some places, more noticeable on the 

anterior left medial surface. The edge of the preserved portion of the lateral margins is worn, and 

there is no convincing evidence for the margin of the nasoantorbital fenestra. 

Internal trabeculae. The broken internal vacuity exposes the internal trabeculae where they are 

attached to the base of the lateral margins and the internal occlusal surface. Anteriorly the 

trabeculae are simple, forming a series of short, thin projections extending at approximately 90° 

from the internal surface of the lateral margins of the jaw, but in only one case reaching the midline 

to form a bridge across the jaw. They are regularly spaced for a length of approximately 100 mm 

and separated from adjacent trabeculae by an average of 7.5 mm on the left side. Some of the 

trabeculae have a corresponding trabeculum on the other side, but the pairing is not complete (Figs. 

3B, 4B). Posteriorly the trabeculae adopt a different pattern. From a point 50 mm from the 

posterior margin the trabeculae are more densely distributed, and form a network of interconnected 

branches that on average radiate from the internal surface of the lateral margins at 45°. Some of 

these trabeculae are sheet like (Fig. 4B), but some are thin rods, and at least one is a thin hollow 

tube. 

Dimensions. The portion of rotrum has a maximum length of 157 mm with a posterior width of 21 

mm tapering gently to 16.5 mm anteriorly (Table 2). Extension of the lateral margins anteriorly to a 

point indicates that some 330 mm is missing, giving the rostrum a total length of 487 mm from the 

beginning of the lateral protuberances. The margins converge at an angle of ~3˚. As no examples of 

Alanqa jaws are known behind this point, it is not possible to estimate the precise length of the 

skull when complete. The dentary of Quetzalcoatlus sp. a slender-beaked azhdarchid pterosaur 

from the Upper Cretaceous of Texas described by Kellner and Langston (1996) is reconstructed at 



up to 960 mm, with the mandibular symphysis occupying some 60% of the lower jaw. Ibrahim et 

al. (2010) estimated a minimum length for symphysial dentary of Alanqa saharica holotype of at 

least 424 mm by comparisons with this taxon. Clearly Alanqa saharica had an extremely elongate 

and slender skull as does FSAC-KK 4000. 

4. Discussion

4.1.  Upper or lower jaw? 

Because both the lower and upper jaws of azhdarchid pterosaurs are long and slender, anteriorly 

approximating to mirror images of each other, at least in the anterior most portion of the rostrum, 

determining between upper and lower jaws for fragmentary specimens can be problematic. The 

anterior rostrum of mature individuals within pterodactyloid pterosaurs rarely displays distinctive 

sutures between the premaxillae, maxillae and palatines and other elements of the palate. Similarly, 

the configuration of the various elements that comprise the mandible is rarely discernable. 

Furthermore, the degree of expansion seen in lateral view of the dorsal rostrum or ventral surface 

of the mandible may not be sufficient to distinguish between these skull components. In the 

azhdarchoid Tapejara wellnhoferi the dentary possesses a descending median crest that, in 

isolation, might be mistaken for the rising antero-dorsal border of the premaxilla of (e.g.) 

Tupuxuara (see for example comments by Wellnhofer and Buffetaut, 1999, p. 137). The jaws 

attributed to an azhdarchid pterosaur from the Kem Kem beds of Morocco have been described by 

Wellnhofer and Buffetaut (1999) and by Ibrahim et al. (2010), the latter authors erecting the taxon 

Alanqa saharica for their reception. The anterior jaw fragment figured by Wellnhofer and 

Buffetaut (1999, fig. 5, BSP 1996 I 36) was identified as a premaxilla, whereas a remarkably 

similar, but somewhat longer specimen described by Ibrahim et al. (2010, figs. 2-3, FSAC-KK 26 

holotype of A. saharica) was considered to be a mandible. Neither specimen displays mandibular 

rami or palatal fenestrae, making identifications reliant on subtle, and not necessarily well-

understood features. In the case of BSP 1996 I 36 the occluding surface is a shallow sulcus with a 

midline raised ridge becoming subtly more prominent posteriorly. The occluding surface of FSAC-

KK 26 is similarly a shallow sulcus, but it has a somewhat flatter and slightly less prominent ridge 

developed posteriorly, but the differences are remarkably slight. In addition, the holotype of A. 

saharica has a mid-line eminence at its most posterior point. This is not seen in BSP 1996 I 36, but 

this is most likely because this specimen does not overlap with FSAC-KK 26 (see Fig. 3 I). The 

extremely low lateral profile of both BSP 1996 I 36 and FSAC-KK 26 in the authors opinion, hints 

more towards a rostral identification of these two specimens. The specimen described here (FSAC-

KK 4000) with the protuberances located either side of the occluding jaw margin overlaps (in terms 

of length) with the holotype of A. saharica with its mid-line eminence locating in a similar position 

posteriorly to protuberances. Thus the new specimen may be the counter surface to the mandible of 



A. saharica (but we do not imply it is from the same individual) and is thus likely a portion of the

rostrum. In which case, the lateral protuberances present on FSAC-KK 4000 most likely represent 

ventral projections of the lateral margins of either the palatines just posterior to the maxillae, part 

of the maxillary shelf just posterior to the premaxillae, or perhaps anterior most parts of splenials. 

4.2.  Affinities 

Apart from the presence of the two enigmatic elongate lateral protuberances, in all other respects 

FSAC-KK 4000 appears to represent a portion of the rostrum of a pterosaur jaw. Indicators include 

the elongate nature of the element and the extremely thin bony wall. The narrow profile of the jaw 

in dorsal and ventral view is not seen in any other Kem Kem vertebrate. A lack of dental alveoli 

suggests affinities with either Azhdarchoidea or Pteranodontidae + Nyctosauridae (sensu Unwin, 

2003 and Lü et al., 2010), both edentulous pterosaurs with elongate jaws. A pteranodontid or 

nyctosaurid identification, while possible, is ruled out on account of both morphological grounds 

and geological context. To date, all confirmed occurrences of pteranodontid and nyctosaurid 

pterosaurs have been from fully marine strata (Bennett, 1994, 2003; Williston, 1903; Frey et al., 

2006). Furthermore, a possible pterandontid jaw fragment from the fluvial Kem Kem beds 

described by Wellnhofer and Buffetaut (1999) was reidentified as an azhdarchid mandibular 

symphysis by Averianov et al. (2008), a view accepted by Vullo and Neraudeau (2009) but 

suggested to be an azhdarchid anterior rostrum by Ibrahim et al. (2010). The jaws of 

chaoyangopterids are also edentulous but are not well known in 3D and therefore difficult to 

analyse in detail. Chaoyangopterus Wang and Zhou (2003) has a relatively short rostrum that, it is 

assumed, cannot be as slender as that of the specimen described here.  Jidapterus Dong et. al. 

(2003) and Lacusovagus Witton (2008) do possess a slender rostrum, but there are no 

protuberences on either the mandible or rostrum in Jidapterus or the rostrum of Lacusovagus. 

Azhdarchid jaw fragments can be distinguished from those of pteranodontids and nyctosaurids by 

the presence of elongate, slit-like perforation on the lateral walls of the jaws and on the palatal 

surface of the rostrum or symphysial shelf of the mandible (Ibrahim et al., 2010). However, this 

feature is somewhat variable among the different azhdarchid genera (e.g. see Bakonydrako Ősi et 

al., 2005 and Volgadraco Averianov et al., 2008. Compare also a jaw tip assigned to Azhdarcho 

lanciocollis by Nessov (1984) and that figured by Averianov (2010), and is usually much better 

developed anteriorly. Thus the holotype of Alanqa saharica which lacks the anterior most part of 

the mandibular symphysis displays only two or three of these slits at the most anterior part of the 

specimen (Ibrahim et al., 2010, fig. 3). These slits are mostly absent on FSAC- KK 4000, perhaps 

on the lateral margins because so little of them is preserved, but only one can be detected on the 

occlusal surface with confidence. This single slit-like foramen is present anteriorly slightly left of 

the midline and has an antero-lateral trajectory (Figs. 3A, 4A). The general lack of these slit-like 

foramina may be because of the more posterior location of the fragment compared to other 



specimens known for Alanqa. The occluding surface of the jaws of Nyctosaurus, Pteranodon and 

possibly Muzquixopteryx are gently curved (Bennett, 1994, 2003; Frey et al., 2006) rather than the 

straight condition seen in Alanqa and several other azhdarchids, but not Bakonydraco (Ősi et al., 

2005), which might be a tapejarid (Andres and Myers 2013). Thus, the level margin of the 

occluding surface and the presence of a single slit-like foramen on the occluding surface suggest 

azhdarchid affinities. The stratigraphic horizon and the location strongly suggest that FSAC- KK 

4000 should be referred to Alanqa saharica. This identification is consistent with our knowledge of 

azhdarchid jaws. The jaws of Alanqa, in particular, are remarkably straight and narrow.  

4.3.  Function of the lateral protuberances 

A functional role integral to the autecology of Alanqa saharica is considered highly likely for the 

protuberances on the jaw. A pathological origin is ruled out on the grounds of a second specimen 

offered for sale a few years ago and present whereabouts unknown (Fig. 5). FSAC- KK 4000 is 

unusual for the presence of paired expanded protuberances that extend above the jaw line. No such 

structure has been reported for Pterosauria, and neither has any analogous structure been reported 

for the jaws of extant birds. Bony protuberances do occur however in the Odontopterygiformes of 

the late Paleocene to Pliocene/Pleistocene where tooth-like margins are developed on the mandible 

and premaxilla (Bourdon, 2005). Some birds do possess protuberances on the margins of the 

rhamphotheca, notably hornbills (Bucerotidae) which might function in a similar fashion, and 

certainly interfere with full closure of the jaws (Fig. 6). There is a dorsal expansion of the jaw 

margin in the mandible of Bakonydraco, with a transverse ridge between the summit of the 

expansion, but it is not known if it corresponds with a notch on the rostrum (Ősi et al., 2005), and 

this feature looks very different from that seen in FSAC- KK 4000. Particularly odd is that the 

protuberances of FSAC- KK 4000 would appear to interfere with the full closure of the jaws, 

should the rhamphotheca or other soft tissue covering of the bone be of negligible thickness. The 

exposed internal surface of the palate reveals extensive modification of the internal trabecular 

framework in the vicinity of the protuberance and would considerably strengthen this region of the 

skull (Fig. 3B, H, 4B). The robust appearance of the protuberances, their rounded cross-sectional 

profile, thickened bone and their position apparently opposite a median eminence in the mandible 

of Alanqa saharica described by Ibrahim et al. (2010) suggests a tritorial function in feeding. 

Occlusion of the jaws would allow the median eminence of the lower jaw to insert between the two 

lateral protuberances of the upper jaw, with any food item in between firmly crushed. Perhaps 

another function for the protuberances could be for anchoring soft tissues forming cheeks or 

elaborate display structures, although these suggestions are entirely speculative (Fig. 7).  

5. Conclusions



Alanqa saharica was an azhdarchid pterosaur with a jaw possibly modified for crushing hard prey. 

Such a conclusion regarding the diet of this pterosaur is not entirely inconsistent with the 

conclusion of Witton and Naish (2008) who regarded azhdarchids as animals foraging for live 

animals and carrion in the manner of storks and ground hornbills. Probe feeding for molluscs and 

other invertebrates was proposed as a feeding strategy by Lehman and Langston (1996), but ruled 

out by Martill (1997) and Witton and Naish (2008) on account of the inflexibility of the long neck 

and the cross sectional shape of the rostrum. 

The Kem Kem beds have yielded a diverse fossil assemblage, but it is dominated almost entirely by 

vertebrates. Evidence for invertebrates in the Kem Kem beds is restricted to trace fossils of 

Beaconites and Conichnus type (Ibrahim et al. 2014) while very rare unionid bivalves at Begaa, 

and decapod crustaceans from Oum Tkiout have been reported (Ibrahim 2014 In press). Thus, a 

generalist feeder with a similar mode of foraging to living storks might select a diet of both 

invertebrates and small vertebrates. An ability to crush the shells of molluscs and crustaceans, and 

perhaps vertebrates such as turtles, would seem to be an advantage. 
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Azhdarchid taxa Locality Cranial 

remains 
Cervica

l 

vertebr

ae 

Other 

remains 
References 

Alanqa saharica Morocco x x Wellnhofer and Buffetaut, 1999 

Ibrahim et al., 2010 

Arambourgiania philadelphiae Jordan x x Arambourg 1959; Frey and Martill 1996; 

Martill et al. 1998 

Aralazhdarcho bostobensis Kazakhstan x x Averianov 2007 

Azhdarcho lancicollis Uzbekistan x x x Nessov 1984; Averianov 2010

Bakonydraco galaczi  Hungary x x x Ősi et al. 2005 

Euroazhdarcho langendorfensis Romania x x Vremir et al. 2013 

Hatzegopteryx thambema Romania x x Buffetaut et al. 2002, 2003 

Montanazhdarcho minor Montana  x x x Padian et al. 1995; McGowen, et al. 2002

Navajodactylus boerei New Mexico x Sullivan and Fowler 2011 

Quetzalcoatlus northropi Texas, x Lawson 1975 

Quetzalcoatlus sp. Texas, x x x Kellner and Langston 1996 

Phosphatodraco mauritanicus Morocco x Pereda Suberbiola et al. 2003 

Volgadraco bogolubovi Russia x x x Averianov 2005 

Zhejiangopterus linhaiensis China x x x Unwin and Lü 1997; Witton 2013 

Indeterminate remains Canada 

Spain 

Senegal 

x 

x 

x Currie and Russel 1982 

Company et al. 1999 

Montiellet et al. 1982 

Table 1. Azhdarchid taxa with locality and skeletal parts documented. 



Parameter Measurement 

Maximum length of segment 157 mm 

Width proximally at external protuberance 22 mm 

Width proximally at maxillary margins 21 mm 

Width distally 16.5 mm 

Length of protuberance 43.5 mm 

Height of protuberances above jaw line 5 mm 

Depth of sulcus at symphysis 3.5 mm 

Bone thickness 1 mm – 1.5 mm 

Table 2. Measurements for FSAC-KK 4000. 



FIGURE CAPTIONS 

Figure 1. Map showing the area (X) where the new jaw FSAC-KK 4000 was recovered. Based on 

an overlay of images extracted from Google Earth. The approximate outcrop of the Kem Kem beds 

is indicated in dark grey. Areas to the west of the outcrop are Palaeozoic strata. 

Figure 2. View of the Kem Kem Plateau escarpment near to Hasi El Begaa, south east Morocco 

with extensive outcrop of Kem Kem Beds on slope. The marine Akrabou Formation limestone of 

Cenomanian age forms the top of the plateau seen in the  left of the picture. The lowest ground is 

made of coarse sands and rests unconformably on folded Palaeozoic basement not visible in this 

photograph. The vertebrate-bearing horizon forms a conspicuous line on the escarpment slope due 

to extensive digging for fossils by commercial operators. 

Figure 3. Photographs of jaw fragment attributed to cf. Alanqa saharica Ibrahim et al., 2010, from 

the Kem Kem beds at Hassi El Begaa, south-eastern Morocco FSAC-KK 4000. A, New jaw 

fragment in occlusal view; B, internal surface of palate; C, right lateral view; D, detail of the 

maxillary protuberances in right lateral view, E, oblique lateral view of the maxillary 

protuberances; F, oblique anterior view of maxillary protuberances; G, oblique posterior view of 

maxillary protuberances; H, detail of cross-cutting pattern of trabeculae on internal surface of 

palate above the maxillary protuberances, I, occlusal surface of  mandibular symphysis fragment 

FSAC-KK 26 showing eminence that coincides with maxillary protuberances of  FSAC-KK 4000 

(after Ibrahim et al 2010). All scale bars 10 mm. 

Figure 4. Line drawings of cf. Alanqa saharica jaw fragment FSAC-KK 4000. A, occlusal view; B, 

view of interior surface of palate; C, left lateral view; D, outline of cross section at anterior end;  E, 

schematic outline of rostrum interpreted to have been present in front of fragment; F, position of 

other elements attributed to Alanqa saharica and used to interpret FSAC-KK 4000. 

Figure 5. A second specimen of cf. Alanqa saharica with protuberances on occlusal surface. The 

present whereabouts of this specimen is unknown. The provided image was of low resolution and 

lacked a scale bar. 

Figure 6. Preserved specimen of hornbill (Abyssinian Ground Hornbill, Bucorvus abyssinicus) 

showing protuberances on rhamphothecae and inability to achieve full closure of jaws. Specimen 

on exhibition in Senkenberg Museum, Frankfurt. 



Figure 7. Possible functions of the protuberances on the rostrum of Alanqa saharica. A, as supports 

for a cheek; B, as visual markers for species recognition or mate attraction; C, as surfaces on which 

hard shelled prey can be processed; D, as attachment areas for ‘dewlap’-like skin growths. 


















