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ABSTRACT. Here we describe an isolated tooth of a metriorhynchid crocodylomorph from 

the Hybla Formation (Aptian, Lower Cretaceous) of Rocca Chi Parra quarry (Montagna 

Grande, Calatafimi, Trapani Province), Sicily, Italy. The specimen shares with the Upper 

Jurassic taxon Plesiosuchus manselii a mediolaterally compressed conical tooth crown, 

noticeable lingual curvature, mesial and distal carinae with microscopic, rectangular 

contiguous denticles, strong distal curvature of the mesial margin, and the presence of weak 

'carinal flanges' on the labial and lingual surfaces (which are preeminent at the mid-crown). 

This suite of morphologies is also present in an unnamed Valanginian (Lower Cretaceous) 

plesiosuchinan from France. However, the Sicilian tooth differs from these taxa in having 

more pronounced carinae, and faint apicobasally aligned enamel ridges. It also differs from P. 

manselii in having more extensive 'carinal flanges' on the labial surface. The specimen 

extends the known geological range of Metriorhynchidae and Thalattosuchia by 

approximately 7-8 million years. This overturns previous hypotheses of Metriorhynchidae 

becoming extinct early in the Early Cretaceous. 
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1. INTRODUCTION 

 Metriorhynchids were a highly successful group of crocodylomorphs that returned to 

a marine lifestyle during the Mesozoic. This clade evolved extensive osteological and soft 

tissue adaptations to a marine existence, including hydrofoil-like forelimbs, a hypocercal 

caudal vertebral column, loss of osteoderms and enlarged salt glands with a neomorphic 

opening for excess salt excretion (Fraas, 1902; Andrews, 1913; Fernández and Gasparini 

2000, 2008; Gandola et al. 2006; Fernández and Herrera, 2009; Young et al. 2010; Leardi et 

al. 2012). During the Jurassic and Lower Cretaceous, metriorhynchids were exceptionally 

diverse in lagoonal, coastal and open-shelf ecosystems (e.g. Eudes-Deslongchamps, 1863–

1869; Fraas, 1902; Andrews, 1913; Gasparini et al. 2006; Lepage et al. 2008; Pierce et al. 

2009; Pol and Gasparini, 2009; Young et al. 2010, 2011, 2012, 2013a, 2014a; Cau and Fanti, 

2011; Foffa and Young, 2014; Herrera et al. 2015). When and how this peculiar group of 

oceanic crocodylomorphs became extinct is still controversial (Young et al. 2010). 

 Two studies postulated distinct two-phase extinction hypotheses for Metriorhynchidae 

(Steel, 1973; Young et al. 2010). Steel (1973) suggested that the radiation of teleosts during 

the Early Cretaceous may have detrimentally affected both metriorhynchids and ichthyosaurs, 

with the evolution of mosasaurids being (Steel, 1973:41): "an influential factor in 

precipitating the extinction of the metriorhynchids and ichthyosaurs". At present, there is no 

evidence to suggest metriorhynchids and mosasaurids co-occurred. Young et al. (2010) 

suggested that the regional marine regressions at the Jurassic-Cretaceous Boundary resulted 

in a biodiversity crash for Metriorhynchidae (as did Pierce et al. 2009), while the combination 

of rapid climate change (formation of polar ice-caps and lowering of sea surface 

temperatures) and the resultant marine biota distribution shifts at, and across, this boundary 

killed off an already stressed clade. The two-phase hypothesis of Young et al. (2010) was 

recently refuted with the re-description of a poorly known lower jaw of a Plesiosuchus-like 



taxon from the Valanginian of France (Young et al. 2014a). It demonstrated that at least four 

lineages of metriorhynchid crossed the Jurassic-Cretaceous Boundary in the Sub-Boreal 

realm of Europe, thus the regional marine regression at the Jurassic-Cretaceous Boundary did 

not result in an extinction event for the European metriorhynchids. 

 Here we provide evidence that refutes the second phase of the two-phase extinction 

hypothesis postulated by Young et al. (2010). We describe a long known, but little studied, 

specimen from the Hybla Formation (Lower Cretaceous, Upper Hauterivian-Albian, Rio and 

Sprovieri, 1986; Martire and Pavia, 2004) of Sicily, Italy. Although an isolated tooth crown is 

not enough to establish a new taxon, the specimen is of critical importance due to its unusual 

morphology and geological age. The dental morphology indicates a close relationship to the 

Kimmeridgian-Tithonian taxon Plesiosuchus manselii. This tooth crown suggests the 

presence of an unknown Plesiosuchus-like metriorhynchid in the Tethys Sea during the 

Aptian (Lower Cretaceous). Thus, at least one lineage of metriorhynchid survived the 

Valanginian-Hauterivian Boundary event and continued into the Aptian. 

 

2. MATERIAL AND METHODS 

MSNC 4475, an isolated tooth crown still partially embedded in matrix found in Rocca Chi 

Parra quarry, Montagna Grande area, Hybla Formation (Upper Hauterivian-Albian, 

Calatafimi, Trapani), Sicily, Italy. MSNC 4475 was found by a private collector (Giacomo 

Sicali) at Rocca Chi Parra, Montagna Grande (Trapani Province, Sicily; Fig. 1) and was 

donated to the Natural History Museum in Comiso (Ragusa, Sicily), for which Gianni 

Insacco is the scientific curator. Photographs were taken with a Panasonic Lumix DMC-

TZ35EB-K Compact Camera with a 16.1 MP 20x Optical Macro lens Zoom Leica DC 24mm 

Wide Angle.  SEM images were taken with a Tescan Vega II Lum (active area 10 mm²) and 

processed with a Vega TC software. 



 

3. RESULTS 

 

3.1. SYSTEMATIC PALAEONTOLOGY 

CROCODYLOMORPHA HAY, 1930 (SENSU WALKER, 1970) 

THALATTOSUCHIA FRAAS, 1901 (SENSU YOUNG AND ANDRADE, 2009) 

METRIORHYNCHIDAE FITZINGER, 1843 (SENSU YOUNG AND ANDRADE, 2009) 

GEOSAURINAE LYDEKKER, 1889 (SENSU YOUNG AND ANDRADE, 2009) 

GEOSAURINI LYDEKKER, 1889 (SENSU CAU AND FANTI, 2011) 

PLESIOSUCHINA YOUNG ET AL. 2014A 

cf. PLESIOSUCHINA 

 

3.2. Specimen 

MSNC 4475 (Fig. 2), an isolated tooth crown. 

 

3.3. Locality 

Rocca Chi Parra quarry, Montagna Grande area, Hybla Formation (Upper Hauterivian-

Albian, Calatafimi, Trapani), Sicily, Italy.  

 

3.4. Horizon and age 

 

MSNC 4475 is partially embedded in matrix (Fig. 2A), thus it was possible to perform thin 

section analysis of the rock sample by preparing a piece of the matrix as smear slide (Bown 

and Young, 1998) for the study of calcareous nannofossils. The recovered nannofossil 

assemblage allowed the identification of a precise biostratigraphic horizon inside the Hybla 



Formation (Fig. 1C). The identified horizon is the Aptian NC6 Zone of Roth (1978), this is 

based on the presence of Assipetra infracretacea (Thierstein, 1973), Assipetra infracretacea 

larsonii (Tremolada and Erba, 2002), Rucinolithus terebrodentarius (Applegate et al. 1987; 

Tremolada and Erba, 2002), Rucinolithus terebrodentarius youngii (Tremolada and Erba, 

2002), Nannoconus steinmanni steinmanni (Kamptner, 1931), Nannoconus steinmanni minor 

(Nannoconus truittii, Brönn, 1955), Nannoconus sp. (Kamptner, 1931), Helenea chiastia 

(Worsley, 1971), Cyclagelosphaera margerelii (Noël, 1965), Zeughrabdotus embergeri 

(Noël, 1958) and Watznaueria spp. (Reinhardt, 1964). In addition, the lack of Eprolithus 

floralis (Stradner, 1962; Stover, 1966), fossil markers of the NC7 Zone, strongly constrains 

the fossil to the lowermost Aptian within the NC6 Zone. 

 

4. DESCRIPTION 

The morphology of MSNC 4475 (Fig. 2) is similar to the dental morphology of Plesiosuchus 

manselii (Hulke 1869, 1870; Young et al. 2012) and Plesiosuchina indeterminate (Young et 

al. 2014a). The crown is 20 mm long apicobasally and its base is 13 mm wide mesiodistally 

and 9 mm labiolingually. The crown lacks the apical-most part of the apex. The tooth has a 

caniniform morphology, is labiolingually compressed, and slightly lingually curved in the 

middle section. 

 The basal section of the crown is wider mesiodistally, creating a sub-circular to 

slightly ovoid cross-section (Fig. 2F). Overall, the tooth crown is robust (i.e. retaining its 

labiolingual width along most of its apicobasal length). No constriction is present at the 

crown-root junction, but the boundary is evident through colour and texture changes. The 

tooth is broken below the crown-root junction. 

 The labial and lingual surfaces of the crown have superficial enamel ridges that are 

apicobasally aligned (Fig. 3A-D). However, these are of very low relief and require optical 



aids to be seen. The lingual surface has more of the ridges, and they are more prominent that 

than those of the labial surface. This differs from the teeth of Geosaurus and Dakosaurus 

maximus (Andrade et al. 2010) and D. andiniensis (Pol and Gasparini, 2009), which lack 

apicobasal ridges. It also differs the tooth from the dentition of Torvoneustes, which are 

heavily ornamented with numerous apicobasal ridges in the basal and mid-regions and an 

anastomosed pattern in the apical region (Andrade et al. 2010; Young et al. 2013a, 2013b). 

 The carinae are formed by a carinal keel (raised ridge) and true denticles (Fig. 3B-C). 

The carinae are enlarged in MSNC 4475 (but not as pronounced as in Dakosaurus teeth, see 

Pol and Gasparini, 2009; Young et al. 2012, in press) as the external surface of the tooth 

crown becomes concave immediately adjacent to the carinae (Fig. 3A). In most other 

metriorhynchids the external surfaces of the tooth crowns are still convex/straight when they 

approach the carinae (Metriorhynchus superciliosus, Gracilineustes leedsi, Geosaurus sp. and 

G. grandis, Torvoneustes carpenteri and T. coryphaeus; Andrade et al. 2010; Young et al. 

2012, 2013b, Young et al. in press). In Plesiosuchus manselii (Young et al. 2012) and 

Plesiosuchina indeterminate (Young et al. 2014a) the carinal concavities are much more 

subtle. In these taxa, the carinal concavities are better, or only seen, on the lingual surface, 

and are only present in the mid-crown region (the lingual surface being convex at the base 

and apex).  

The only macroscopic wear visible is the broken apex (Fig. 1), although SEM images 

show an irregularly fractured surface of the enamel, probably for diagenetic reasons.  

 

5. DISCUSSION 

5.1. Metriorhynchid affinities of MSNC 4475  

The conical shape of the tooth crown, noticeable lingual curvature, presence of mesial and 

distal carinae, and microscopic denticles along the carinae, readily identifies the tooth as a 



geosaurine metriorhynchid (e.g. Andrade et al. 2010; Young et al. 2012, 2013a, in press; 

Foffa and Young, 2014). Within Geosaurinae (Fig. 4), the rectangular shape of the denticles, 

the strong distal curvature of the mesial margin, and the presence of weak 'carinal flanges' 

that are preeminent at the mid-crown, place MSNC 4475 in Plesiosuchina (Young et al. 

2014a, in press). Denticles appear as a contiguous series of homogeneous and distinct 

serrations along both mesial and distal carinae, a trait only found in the geosaurine genera 

Plesiosuchus and Dakosaurus (e.g. Pol and Gasparini, 2009; Andrade et al. 2010; Young et 

al. 2012). The denticles of Geosaurus, although forming a mostly contiguous series, can form 

double-denticles and the interdenticular spacing can vary considerably (Andrade et al. 2010). 

In Torvoneustes, the denticles can be hard to discern due to the superficial enamel 

ornamentation contacting the carinae (Andrade et al. 2010; Young et al. 2013a). 

 Within Plesiosuchina, MSNC 4475 differs from Plesiosuchus manselii in that the 

tooth has: 1) 'carinal flanges' on the labial surface, and that they extend further apically; 2) the 

apicobasal enamel ridges can only be reliably observed using optical aids, whereas P. 

manselii has more numerous but low-relief enamel ridges; and 3) the more pronounced 

carinae (Young et al. 2012, in press). MSNC 4475 differs from the Valanginian 

plesiosuchinan from France by 1) the having apicobasal enamel ridges only reliably 

observable using optical aids (these ridges are more numerous and are pronounced in the 

French specimen), and 2) by having more pronounced carinae (Young et al. 2014a). 

Unfortunately the dentition of the Valanginian plesiosuchinan from France (Fig. 4B-C) is 

poorly preserved, with every tooth crown being either incomplete or broken (Young et al. 

2014a), thereby hindering detailed comparison. Compared to other plesiosuchinans, MSNC 

4475 has more pronounced carinae (especially along the labial surface), due to the more 

strongly concave surfaces immediately adjacent to the carinae. 

 



5.2. Comparison to other vertebrate taxa 

While MSNC 4475 can be referred to Geosaurinae, based on morphological evidence, it is 

important to exclude the possibility that it may pertain to another clade more commonly 

found in Early Cretaceous strata. Any attribution to a fish taxon can be excluded based on the 

overall morphology of the specimen, which is conical in shape, and has two cutting edges 

(carinae) bearing serrations. Among the Cretaceous fish taxa that are characterised by large 

teeth, there are at least four lineages with dentition that is some ways reminiscent to MSNC 

4475, including pachycormiforms, ichthyodectiforms, pachyrhizodontids and aulopiforms.  

 The species of the pachycormiform genus Protosphyraena have large teeth that 

clearly differ from the tooth described herein, in being laterally compressed and without 

serrations along the carinae (see Friedman, 2012). Several ichthyodectiforms taxa also have 

large jaw tooth crowns, which were usually conical, and always without serrations (e.g. 

Bardack, 1965; Patterson and Rosen, 1977). As far as the pachyrhizodontids are concerned, 

some species of the genus Pachyrhizodus are characterised by strong conical teeth that, in 

some cases, have been erroneously referred to mosasaurids (Stewart and Bell, 1994). 

However, Pachyrhizodus teeth are subcircular in cross section, lack carinae and are also 

characterised by the presence of thick swollen bony collars around their base (Friedman, 

2012). Moreover, the teeth of some Pachyrhizodus species have a posteriorly recurved apex 

(see Forey, 1977). Finally, the aulopiform genus Apateodus also was characterised by robust 

jaw and pterygoid teeth similar in size to the Rocca Chi Parra quarry tooth (see Goody, 

1969); the Apateodus teeth also bear serrations along the carinae but clearly differ from 

MSNC 4475 in being remarkably laterally compressed (Friedman, 2012). 

 Among tetrapods, an assignment to Ichthyosauria can be ruled out. Ichthyosaurian 

teeth are usually conical and devoid of serrations, with the rare exception of macrophagous 

Lower Jurassic taxa like Temnodontosaurus and Suevoleviathan (McGowan and Motani, 



2003). However, their teeth show moderate labiolingual compression, although not too the 

extent seen in archosaurs. While serrations have been reported in Temnodontosaurus 

(Conybeare, 1822, Lydekker, 1889; McGowan, 1994), their height to mesiodistal length ratio 

does not match that of MSNC 4475. Even though ichthyosaurian teeth may vary widely 

according to their different feeding specializations, they usually share a peculiar external 

ornamentation of the enamel, characterized by apicobasal ridging interspaced with furrows, 

coated in enamel, a dental feature called plicidentine, considered synapomorphic for 

Ichthyosauria (Maxwell et al. 2011b). The Lower Cretaceous Opthalmosauridae (such as the 

Aptian Platypterygius australis Zammit et al. 2010 and Platypterygius hercynicus Fischer, 

2012), also have this coarse ornamentation, textured by numerous longitudinal ridges 

(Maxwell et al. 2011a; Fischer, 2012; Fischer et al. 2012). No such heavy ornamentation is 

present in MSNC 4475, which shows an almost completely smooth external surface of the 

enamel. 

 The attribution to Sauropterygia can also be excluded. While, at first sight, MSNC 

4475 may resemble a plesiosaurian tooth, no known plesiosaurian taxon has dentition with 

the combination of features seen in MSNC 4475. Among plesiosaurians, the single pliosaurid 

clade that survived in the Cretaceous (Benson and Druckenmiller, 2013) – Brachaucheninae – 

shows considerably large, conical teeth, strongly ornamented and lacking carinae 

(Schumacher et al. 2013). Furthermore, the only pliosaurid taxon bearing weakly convex 

labial sides on teeth is Pliosaurus (which became extinct by the end of Jurassic; Benson et al. 

2013). However, Pliosaurus teeth are also strongly ornamented, with coarse widely spaced 

striations extend to the apex, lack carinae and carinal flanges, and are not mediolaterally 

compressed (Welles and Slaughter, 1963; Cruickshank, 1997; Kear and Barrett, 2011; 

Benson et al. 2013). Among plesiosauroids, only two lineages survived the Jurassic-

Cretaceous boundary: Cryptoclididae and Xenopsaria (the latter including Elasmosauridae 



and Leptocleidia; Benson and Druckenmiller, 2013). Plesiosauroid teeth are considerably 

slender, with a high crown high-length ratio, are more conical and rounded in cross section, 

strongly curved in labiolingual view, uncarinated and normally ornamented with numerous 

parallel – sometimes branching or inclined – apicobasally oriented ridges (O'Keefe, 2008; 

Schumacher et al. 2013; Hampe, 2013). Thus, we can exclude a plesiosaurian origin for 

MSNC 4475. 

 Mosasauroid affinities can also be excluded for both biostratigraphical (no 

mosasauroids are reported prior to the Cenomanian; Dutchak and Caldwell, 2009) and 

morphological reasons. First of all, mosasauroid teeth are characterized by a distinct 'collar' 

near the root-crown junction, absent in MSNC 4475. Denticulated mosasauroid teeth are 

more mediolaterally compressed and mesiodistally wider at their base (Polcyn et al. 1999) 

than MSNC 4475. Although derived mosasaurine teeth are usually reported as “serrated”, 

these teeth are better described as bearing carinae with transverse ribs on them, resulting in 

“serrated cutting edges” (Massare, 1987) that differs from “true” serration (i.e. presence of 

distinct denticles). This “pseudo-serrated” pattern (sensu Andrade et al. 2010: conspicuous 

ornamentation on the carinae but absence of distinct denticles) is also confirmed by SEM 

analysis (e.g. Fanti et al. 2014). Furthermore, when apicobasal ridges are present in 

mosasauroid teeth, they are more distinct than in the Sicilian specimen (Ishikawa et al. 1997; 

Sakurai et al. 1999; Caldwell, 2007).  

 Other than crocodylomorphs, predatory dinosaurs are the other Cretaceous archosaur 

clade which have ziphodont teeth. Amongst most theropods the crown curvature (along the 

mesiodistal axis) of lateral teeth (i.e. maxillary and non-symphyseal dentary teeth) is more 

marked than in MSNC 4475 (e.g. Madsen, 1976; Currie, 1995). Lateral teeth of spinosaurines 

and some maniraptoriforms show the apex placed perpendicularly to the basal plane of the 

crown (Sues et al. 2002; Zanno and Makovicky, 2011), comparable to this tooth. However, 



these theropod taxa lack serrations on at least the mesial carina, if not on both carinae, and 

bear less labiolingually compressed crowns. Although the presence of an apicobasally 

oriented concave area adjacent to the mesial carina is shared by some averostran theropods 

(e.g. Abelisauridae, see Smith, 2007), the overall morphology of the specimen – in particular 

in serration shape – differs substantially with any of these groups. Therefore, a referral of the 

specimen to a lateral tooth of a theropod is dismissed.  

 Rostral teeth (i.e. premaxillary and symphyseal dentary teeth) of many theropods 

show a degree of basiapical curvature of the crown comparable to our specimen (see 

Hendrickx and Mateus, 2014). The presence of a serrated mesial carina dismisses the referral 

to Spinosaurinae, compsognathid-grade basal coelurosaurs, most maniraptorans, 

coelophysoids and some ceratosaurians (Sues et al. 2002; Hendrickx and Mateus, 2014). The 

lanceolate, symmetrical outline of the crown in apical view, with the carinae aligned along 

the mesiodistal axis of the crown, markedly differs from most averostran theropods, the latter 

bearing asymmetrical outline of the crown cross section, usually due to lingual migration of 

the carinae (Smith, 2007; Hendrickx and Mateus, 2014). In Baryonychinae, the teeth show 

finely serrated carinae that roughly recall the condition in the Sicilian specimen. 

Nevertheless, our specimen differs from baryonychines (and most spinosaurids) in lacking 

the anastomosing pattern of deeply veined enamel ornamentation that curves basally close to 

the carinae (Charig and Milner, 1997; Sereno et al. 1996). Furthermore, spinosaurid 

(including baryonychine) crowns are usually ornamented by distinct flutes oriented 

apicobasally (Charig and Milner, 1997; Sues et al. 2002), which are absent in the MSNC 

4475. Therefore, since no theropod taxon fits with the combination of features present in this 

specimen, any referral to a subclade of Theropoda is considered as unlikely.  

 In conclusion, we can preclude MSNC 4475 from pertaining to any of the above-

mentioned groups (other than Plesiosuchina). Among Early Cretaceous taxa, the tooth crown 



suite of morphologies only matches Plesiosuchina, a subclade of geosaurine metriorhynchids 

(Young et al. 2014a). The presence of Plesiosuchina in the lowermost Aptian of Sicily (Fig. 

1C) has some intriguing palaeobiogeographic and macroevolutionary implications for 

metriorhynchids.  

  

5.3. CRETACEOUS METRIORHYNCHIDS 

It is clear that the fossil record of Metriorhynchidae in the Cretaceous is exceptionally poorly 

known. Previous generalisations, like metriorhynchids in the Cretaceous being a “dead clade 

walking”, were premature (see Young et al. 2010). There is now no evidence that 

metriorhynchids were affected by an extinction at the Jurassic-Cretaceous (contra Pierce et 

al. 2009; Young et al. 2010), in contrast to the other thalattosuchian clade, Teleosauridae, 

which seemingly went extinct at this boundary (Young et al. 2014a, 2014b). At least four 

metriorhynchid lineages are known to have crossed the Jurassic-Cretaceous boundary: 

Cricosaurus, Dakosaurus, Geosaurus and Plesiosuchina (Young et al. 2014a). 

 While much of the metriorhynchid Cretaceous fossil record is fragmentary, there are 

three (possibly four) time-spans that reveal information on their diversity and evolution. 

From the upper Tithonian-lower Berriasian levels of the Vaca Muerta Formation of 

Argentina, Cricosaurus sp., Dakosaurus andiniensis and Purranisaurus potens are known 

(Gasparini et al. 2006; Pol and Gasparini, 2009; Herrera et al. 2015). The Valanginian-

earliest Hauterivian is the best-known Cretaceous time-span for metriorhynchids. In France 

and Germany, Geosaurus lapparenti, Cricosaurus macrospondylus, C. schroederi, the nomen 

dubium Neustosaurus gigondarum, and an indeterminate Plesiosuchina are known (Raspail, 

1842; Koken, 1883; Debelmas, 1952, 1958; Debelmas and Demians D'Archimbaud, 1956; 

Debelmas and Strannoloubsky, 1956; Hua et al. 2000; Karl et al. 2006; Young et al. 2014a); 

while cf. Cricosaurus is known from Colombia (Larsson et al. 2012). From the Barremian of 



Spain there is a poorly preserved skull, which may pertain to a metriorhynchid, or possibly 

another marine crocodylomorph clade (see Parrilla-Bel et al. 2012). Here, we add an 

indeterminate specimen from the lowermost Aptian of Sicily. 

 In the Valanginian, we find the first unambiguous morphological evidence of 

mesopelagic metriorhynchids. These include: Cricosaurus macrospondylus with a divided 

external nares naris which was significantly posterodorsally retracted (Hua et al. 2000); 

Cricosaurus schroederi with very large orbits which had very large and robust sclerotic rings 

(see Karl et al. 2006); and Neustosaurus gigondarum which had almost half of the total 

number of caudal vertebrae contributing to the tail fluke (Raspail, 1842). It has been 

suggested that these taxa represent sustained and/or mesopelagic swimmers (Hua et al. 2010; 

Young et al. 2010). This shows that Cretaceous metriorhynchids were still diversifying, and 

exploiting new niches. 

This high diversity of metriorhynchids in the Early Cretaceous, and the high number 

of lineages which passed through the Jurassic-Cretaceous boundary, is mirrored by 

ichthyosaurs. Recent studies have shown that not only did multiple (possibly as many as 

eight) ophthalmosaurid lineages and at least one basal thunnosaurian lineage cross the 

Jurassic-Cretaceous boundary, but the Early Cretaceous taxonomic and morphofunctional 

diversity of ichthyosaurs remained high, even up to the late Albian (e.g. see Fischer et al. 

2011, 2012, 2013, 2014). As more long-held museum specimens are re-described and 

studied, as it is the case with MSNC 4475, it is looking increasingly that the same is true for 

metriorhynchids. 

 

6. CONCLUSIONS 

Here we describe an indeterminate metriorhynchid crocodylomorph specimen (an isolated 

tooth crown) from the Hybla Formation near Calatafimi (Trapani province), Sicily. We show 



that the combination of ornamentation, carinae and denticle morphologies is incompatible 

with any large fish, plesiosaur, mosasauroid, ichthyosaur or theropod taxon. The tooth crown 

(MSNC 4475), is characteristic of a derived geosaurine metriorhynchid, specifically a 

Plesiosuchus-like taxon of the subclade Plesiosuchina – a subclade already known from Early 

Cretaceous strata. As this fossil is Aptian in age, it extends the known geological range of 

Metriorhynchidae (and Thalattosuchia) by approximately 7-8 million years. The presence of a 

Plesiosuchus-like taxon in the Aptian means that the two-phase extinction hypothesis of 

Young et al. (2010) that metriorhynchids became extinct at, or just after, the Valanginian-

Hauterivian Boundary must be discarded. However, it is possible that the Valanginian-

Hauterivian Boundary event resulted in the extinction of the European Sub-Boreal 

metriorhynchids, or forced a range shift towards the warmer environments nearer the equator. 

Alternatively, as suggested by the presence of geosaurines in the Rosso Ammonitico 

Veronese Formation (Northern Italy) since the earliest phase of metriorhynchid evolution (i.e. 

Neptunidraco, Cau and Fanti, 2010; Cau, 2014), this clade permanently inhabited the 

Western Tethys for the large majority of its history. These questions will only be answered by 

new discoveries from Europe and North Africa, and equatorial deposits. Moreover, 

indeterminate specimens from the Hauterivian and Aptian stages will also need to be 

examined with a critical appraisal. 

 

ACKNOWLEDGEMENTS 

We would like to thank Giacomo Sicali, who found the specimen and promptly signalled the 

finding to GI, Rossana Sanfilippo and Antonietta Rosso, for access to the equipment of the 

Biological, Geological and Environmental Sciences Department, (University of Catania), 

Alfio Viola (Biological, Geological and Environmental Sciences Department, University of 

Catania) for SEM assistance. Comments and suggestions by Lorna Steel (Natural History 



Museum, London) and an anonymous reviewer are greatly acknowledged for improving the 

quality of the manuscript. 

 

REFERENCES 

Andrade, M.B., Young, M.T., Desojo, J.B., Brusatte, S.L., 2010. The evolution of extreme 

hypercarnivory in Metriorhynchidae (Mesoeucrocodylia: Thalattosuchia): evidence from 

microscopic denticle morphology and a new tri-faceted Kimmeridgian tooth from 

Germany. Journal of Vertebrate Paleontology. 30, 1451–1465. 

Andrews, C.W., 1913. A descriptive catalogue of the marine reptiles of the Oxford Clay, Part 

Two. British Museum (Natural History), London. 

Applegate, J.L., Bralower, T.J., Covington, J.M., Wise, S.W., 1987. Calcareous nannofossil 

biostratigraphy of a Lower Cretaceous deep-sea fan complex: Deep Sea Drilling Project 

Leg 93 site 603, lower continental rise off Cape Hatteras. Initial Reports of the Deeo Sea 

Drilling Project. 93, 617–660. 

Bardack, D., 1965. Anatomy and evolution of chirocentrid fishes. The University of Kansas 

Paleontological Contributions. 10, 1–88. 

Benson, R.B.J., Evans, M., Smith, A.S., Sassoon, J., Moore-Faye, S., Ketchum, H.F., Forrest R., 

2013. A Giant Pliosaurid Skull from the Late Jurassic of England. PLoS ONE. 8(5), 

e65989. doi:10.1371/journal.pone.0065989  

Benson, R.B.J., Druckenmiller, P.S., 2013. Faunal turnover of marine tetrapods during the 

Jurassic–Cretaceous transition. Biological Reviews. doi: 10.1111/brv.12038  



Bown, P.R., Young, J.R., 1998. Techniques. In: Bown P.R. (Ed.), Calcareous Nannofossil 

Biostratigraphy. British Micropalaentology Society Series. Chapman and Hall/Kluwer 

Academic Press, London. 

Brönn, P., 1955. Microfossils incertae sedis from the Upper Jurassic and Lower Cretaceous of 

Cuba. Micropaleontology. 1, 28–51.  

Caldwell, M.W., 2007.  Ontogeny, anatomy and attachment of the dentition in mosasaurs 

(Mosasauridae: Squamata). Zoological Journal Linnean Society. 149,701–716. 

Cau, A., 2014. The affinities of ‘Steneosaurus barettoni’ (Crocodylomorpha, Thalattosuchia), 

from the Jurassic of Northern Italy, and implications for cranial evolution among 

geosaurine metriorhynchids. Historical Biology. 26(4), 433–440. 

doi:10.1080/08912963.2013.784906. 

Cau, A., Fanti, F., 2011. The oldest known metriorhynchid crocodylian from the Middle Jurassic 

of North-eastern Italy: Neptunidraco ammoniticus gen. et sp. nov. Gondwana Research. 

19, 550–565. 

Charig, A.J., Milner, A.C., 1997. Baryonyx walkeri, a fish-eating dinosaur from the Wealden of 

Surrey. Bulletin of the Natural History Museum. 53, 11–70. 

Conybeare, W.D., 1822. Additional notices on the fossil genera Ichthyosaurus and Plesiosaurus. 

Transactions of the Geological Society of London. 1, 103–123. 

Cruickshank, A.R.I., 1997. A Lower Cretaceous pliosauroid from South Africa. Annals of the 

South African Museum. 105, 207–226. 

Currie, P.J., 1995. New information on the anatomy and relationships of Dromaeosaurus 

albertensis (Dinosauria: Theropoda). Journal of Vertebrate Paleontology. 15, 576–591. 



Debelmas, J., 1952. Un crocodilien marin dans l’Hauterivien des environs de Comps (Var) 

Dacosaurus maximus Plieninger var. gracilis Quenstedt. Travaux Laboratoire de Géologie 

l’université de Grenoble. 29, 101–116. 

Debelmas, J., 1958. Découverte d’une ceinture pelvienne de Dacosaure dans le néocomien des 

environs de Castellane (Basses-Alpes). Travaux Laboratoire de Géologie de l’université de 

Grenoble. 34, 43–48. 

Debelmas, J., Demains D’Archimaud, J., 1956. Sur un métatarsien de Dacosaure trouvé à 

Robion, près Castellane (Basses-Alpes). Travaux Laboratoire de Géologie de l’université 

de Grenoble 33, 101–104. 

Debelmas, J., Strannoloubsky, A., 1956. Découverte d’un crocodilien dans le Néocomien de La 

Martre (Var) Dacosaurus lapparenti n. sp. Travaux Laboratoire de Géologie de 

l’université de Grenoble. 33, 89–99. 

Dutchak, A.R., Caldwell, M.W., 2009. A redescription of Aigialosaurus (= Opetiosaurus) 

bucchichi (Kornhuber, 1901) (Squamata: Aigialosauridae) with comments on mosasauroid 

systematics". Journal of Vertebrate Paleontology. 29(2), 437–452. 

Eudes-Deslongchamps, E., 1863-1869. Notes paléontologiques. Caen: F. le Blanc-Hardel. Paris. 

Fanti, F., Cau, A., Negri, A., 2014. A giant mosasaur (Reptilia, Squamata) with an unusually 

twisted dentition from the Argille Scagliose Complex (late Campanian) of Northern 

Italy. Cretaceous Research. 49, 91–104.  

Fernández, M., Gasparini, Z., 2000. Salt glands in a Tithonian metriorhynchid crocodyliform 

and their physiological significance. Lethaia. 33, 269–276. 

Fernández, M., Gasparini, Z., 2008. Salt glands in the Jurassic metriorhynchid Geosaurus: 

implications for the evolution of osmoregulation in Mesozoic crocodyliforms. 

Naturwissenschaften. 95, 79–84. 



Fernández, M.S., Herrera, Y., 2009. Paranasal sinus system of Geosaurus araucanensis and the 

homology of the antorbital fenestra of metriorhynchids (Thalattosuchia: 

Crocodylomorpha). Journal of Vertebrate Paleontology. 29, 702–714. 

Fischer, V., 2012. New data on the ichthyosaur Platypterygius hercynicus and its implications 

for the validity of the genus. Acta Palaeontologica Polonica. 57(1), 123–134. 

Fischer, V., Appleby, R.M., Naish, D., Liston, J., Riding, J.B., Brindley, S., Godefroit, P., 2013. 

A basal thunnosaurian from Iraq reveals disparate phylogenetic origins for Cretaceous 

ichthyosaurs. Biology Letters. 9, 20130021. 

Fischer, V., Bardet, N., Guiomar, M., Godefroit, P., 2014. High diversity in Cretaceous 

ichthyosaurs from Europe prior to their extinction. PLoS one. 9(1), e84709. 

Fischer, V., Clément, A., Guiomar, M., Godefroit, P., 2011. The first definite record of a 

Valanginian ichthyosaur and its implication for the evolution of post-Liassic 

Ichthyosauria. Cretaceous Research. 32, 155–163. 

Fischer, V., Maisch, M.W., Naish, D., Kosma, R., Liston, J., Joger, U., Krüger, F.J., Pérez, J.P., 

Tainsh, J., Appleby, R.M., 2012. New ophthalmosaurid ichthyosaurs from the European 

Lower Cretaceous demonstrate extensive ichthyosaur survival across the Jurassic–

Cretaceous Boundary. PLoS one. 7(1), e29234. doi:10.1371/journal.pone.0029234 

Fitzinger, L.J.F.J., 1843. Systema reptilium. Braumüller et Seidel, Wien. 

Foffa, D., Young, M.T., 2014. The cranial osteology of Tyrannoneustes lythrodectikos 

(Crocodylomorpha: Metriorhynchidae) from the Middle Jurassic of Europe. PeerJ. 2. 

e608. http://dx.doi.org/10.7717/peerj.608 

Forey, P.L., 1977. The osteology of Notelops Woodward, Rhacolepis Agassix and 

Pachyrhizodus Dixon (Pisces: Teleostei). Bulletin of the British Museum (Natural 

History). Geology. 28, 123–204. 



Friedman, M., 2012. Ray-finned fishes (Osteichthyes, Actinopterygii) from the type 

Maastrichtian, the Netherlands and Belgium, in: Jagt, J.W.M., Donovan, S.K., Jagt-

Yazykova, E.A. (Eds.), Fossils from the type Maastrichtian (Part 1). Scripta Geologica, 

Special Issue 8, Amsterdam, pp. 113–142. 

Fraas, E., 1901. Die Meerkrokodile (Thalattosuchia n. g.) eine neue sauriergruppe der 

Juraformation. Jahreshefte des Vereins für vaterländische Naturkunde in Württemberg. 57: 

409–418. 

Fraas, E., 1902. Die Meer-Krocodilier (Thalattosuchia) des oberen Jura unter specieller 

berücksichtigung von Dacosaurus und Geosaurus. Paleontographica. 49, 1–72. 

Gandola, R., Buffetaut, E., Monaghan, N., Dyke, G., 2006. Salt glands in the fossil crocodile 

Metriorhynchus. Journal of Vertebrate Paleontology. 26, 1009–1010. 

Gasparini, Z.B., Pol, D., Spalletti, L.A., 2006. An unusual marine crocodyliform from the 

Jurassic-Cretaceous boundary of Patagonia. Science. 311, 70–73. 

Goody, P.C., 1969. The relationships of certain Upper Cretaceous teleosts with special reference 

to myctophoids. Bulletin of the British Museum (Natural History) Geology. 7, 1–255. 

Hay, O.P., 1930. Second bibliography and catalogue of the fossil vertebrata of North America, 

volume 2. Carnegie Institute Washington, Washington DC. 

Hampe, O., 2013. The forgotten remains of a leptocleidid plesiosaur (Sauropterygia: 

Plesiosauroidea) from the Early Cretaceous of Gronau (Münsterland, Westphalia, 

Germany). Palaeontologische Zeitschrift. 87, 473–491. 

Herrera, Y., Gasparini, Z., Fernández, M.S., 2015. Purranisaurus potens Rusconi, an enigmatic 

metriorhynchid from the Late Jurassic-Early Cretaceous of the Neuquén Basin. Journal of 

Vertebrate Paleontology. e904790. E-published 20/Feb/2015, doi: 

10.1080/02724634.2014.904790. 



Hendrickx, C., Mateus, O., 2014. Abelisauridae (Dinosauria: Theropoda) from the Late Jurassic 

of Portugal and dentition-based phylogeny as a contribution for the identification of 

isolated theropod teeth. Zootaxa. 3759(1), 1–70. 

Hua, S., Vignaud, P., Atrops, F., Clément, A., 2000. Enaliosuchus macrospondylus Koken, 1883 

(Crocodylia, Metriorhynchidae) du Valanginien de Barret-le-Bas (Hautes Alpes, France): 

un cas unique de remontée des narines externes parmi les crocodiliens. Géobios. 33, 467–

474. 

Hulke, J.W., 1869. Notes on some fossil remains of a gavial-like saurian from Kimmeridge Bay 

collected by J.C. Mansel, Esq., establishing its identity with Cuvier’s deuxième gavial 

d’Honfleur, tête à museau plus court (Steneosaurus rostro-minor of Geoffroy St. Hilaire) 

and with Quenstedt’s Dakosaurus. Quarterly Journal of the Geological Society. 25, 390–

401. 

Hulke, J.W., 1870. Note on a crocodilian skull from Kimmeridge Bay, Dorset. Quarterly Journal 

of the Geological Society. 26, 167–172. 

Ishikawa, Y., Iwzi-Liao, Y., Higashi, Y., 1997. Fine structure of dental tissues in teeth of 

saurischian tyrannosaurid and squamate mosasaurid. Vertebrate PalAsiatica. 35(2), 102–

109. 

Kamptner, E., 1931. Nannoconus steinmanni nov. gen., nov. spec., ein merkwiirdiges 

gesteinsbildendes Mikrofossil aus dem jiingeren Mesozoikum der Alpen. Paläontologische 

Zeitschrift. 13, 288–297. 

Karl, H-V., Gröning, E., Brauckmann, C., Knötschke, N., 2006. Revision of the genus 

Enaliosuchus Koken, 1883 (Archosauromorpha: Metriorhynchidae) from the Early 

Cretaceous of Northwestern Germany. Studia Geologica Salmanticensia, 42, 49–59. 



Kear, B.P., Barrett, P.M., 2011. Reassessment of the Lower Cretaceous (Barremian) pliosauroid 

Leptocleidus superstes Andrews, 1922 and other plesiosaur remains from the nonmarine 

Wealden succession of southern England. Zoological Journal of the Linnean Society. 161, 

663–691. 

Koken, E., 1883. Die reptilian der norddeutschen unteren Kreide. Zeitschrift deutschen 

Geologischen Gesellschaft. 35, 735–827. 

Larsson, H.C.E., Dececchi, T.A., Montefeltro, F.C., 2012. A new metriorhynchid 

(Crocodyliformes, Thalattosuchia) from the Early Cretaceous of Colombia (Rosa Blanco 

Formation, Late Valanginian). Ameghiniana (Suplemento). 48, 86–87. 

Leardi, J.M., Pol, D., Fernández, M.S., 2012. The antorbital fenestra of Metriorhynchidae 

(Crocodyliformes, Thalattosuchia): testing its homology within a phylogenetic framework. 

Journal of Vertebrate Paleontology. 32, 490–494.  

Lepage, Y., Buffetaut, E., Hua, S., Martin, J.E., Tabouelle, J., 2008. Catalogue descriptif, 

anatomique, géologique et historique des fossiles présentés à l’exposition « Les 

Crocodiliens fossiles de Normandie ». Bulletin de la Société Géologique de Normandie et 

des Amis du Muséum du Havre. 95, 5–152. 

Lydekker R., 1889. On the remains and affinities of five genera of Mesozoic reptiles. Quarterly 

Journal of the Geological Society. 45, 41–59. 

Madsen, J.H., 1976. Allosaurus fragilis: a revised osteology. Utah Geological Survey Bulletin. 

109: 1–163. 

Martire, L., Pavia, G., 2004. Sedimentary and tectonic processes at Montagna Grande 

(Trapanese Domain, Western Sicily, Italy). Rivista Italiana di Paleontologia e Stratigrafia. 

110(1), 23–33. 



Massare, J.A., 1987. Tooth morphology and prey preference of Mesozoic marine reptiles. 

Journal of Vertebrate Paleontology. 7, 130–131. 

Maxwell, E.E., Caldwell, M.W., Lamoureux, D.O., 2011a. Tooth histology in the cretaceous 

ichthyosaur Platypterygius australis, and its significance for the conservation and 

divergence of mineralized tooth tissues in amniotes. Journal of Morphology. 272, 129–

135. doi: 10.1002/jmor.10898. 

Maxwell, E.E., Caldwell, M., Lamoureux, D.O., 2011b. The structure and phylogenetic 

distribution of amniote plicidentine. Journal of Vertebrate Paleontology. 31, 553–561. 

McGowan, C., 1994.  Temnodontosaurus risor is a juvenile of T. platyodon (Reptilia: 

Ichthyosauria). Journal of Vertebrate Paleontology. 14, 472–479. 

McGowan, C., Motani, R., 2003.  Ichthyopterygia. Handbook of Paleoherpetology, Part 8. 

Verlag Dr. Friedrich Pfeil, Munich. 

Noël, D., 1958. Etude de coccolithes du Jurassique et du Crétacé inférieur. Public Service Carte 

Géologique de l’Algérie. 2(20), 155–196. 

Noël D., 1965. Sur les Coccolithes du Jurassique Européen et d'Afrique du Nord. Éditions du 

Centre National de la Recherche Scientifique, Paris. 

O'Keefe, R.F., 2008. On the Cranial Anatomy of the Polycotylid Plesiosaurs, Including New 

Material of Polycotylus latipinnis, Cope, from Alabama. Journal of Vertebrate 

Paleontology. 24(2), 326–340. 

Parrilla-Bel, J., Young, M.T., Puértolas, E., Canudo, J.I., Cruzado-Caballero, P., Gasca, J.M., 

Moreno-Azanza, M., 2012. Descripción de un resto craneal de reptil marino de la 

Formación Blesa (Barremiense inferior) de la localidad de Josa (Teruel). Jornadas de la 

Sociedad Española de Paleontología. 28, 241–243. 



Patterson, C., Rosen, D.E., 1977. Review of ichthyodectiforms and other Mesozoic teleost fishes 

and the theory and practice of classifying fossils. Bulletin of the American Museum of 

Natural History. 158, 82–172. 

Pavia, G., Martire, V., Canzonieri, V., D’Arpa, C., 2002. Rocca Chi Parra Quarry, a condensed 

Rosso Ammonitico succession: depositional and erosional geometries, neptunian dykes 

and ammonite assemblages. General field trip guidebook from the 6th international 

symposium on the Jurassic System. 6, 42–44. 

Pierce, S.E., Angielczyk, K.D., Rayfield, E.J., 2009. Morphospace occupation in thalattosuchian 

crocodylomorphs: skull shape variation, species delineation and temporal patterns. 

Palaeontology. 52, 1057–1097. 

Pol, D., Gasparini, Z.B., 2009. Skull anatomy of Dakosaurus andiniensis (Thalattosuchia: 

Crocodylomorpha) and the phylogenetic position of Thalattosuchia. Journal of Systematic 

Palaeontology. 7, 163–197. 

Polcyn, M.J., Tchernov, E., Jacobs, L.L., 1999. The Cretaceous biogeography of the Eastern 

Mediterranean with a description of a new basal mosasauroid from ‘Ein Yabrud, Israel. 

Proceedings of the Second Gondwanan Dinosaur Symposium. 15, 259–290. 

Raspail, E., 1842. Observations sur un nouveau genre de Saurien fossile, le Neustosaurus 

gigondarum. Raspail, Paris. 

Reinhardt, P., 1964. Einige Kalkflagellaten-Gattungen (Coccolithophoriden, Coccolithineen) aus 

dem Mesozoikum Deutschlands. Monatsberichte der Deutschen Akademie der 

Wissenschaften zu Berlin. 6, 749–759. 

Rio, D., Sprovieri, R., 1986. Nannofossili calcarei e foraminiferi bentonici del Barremiano-

Aptiano infe-riore. Bollettino della Società Paleontologica Italiana. 25(1), 87–99. 



Roth, P.H., 1978. Cretaceous nannoplankton biostratigraphy and oceanography of the 

northwestern Atlantic Ocean, Initial Rep. Deep Sea Drillinf Project. 44, 731–759. 

Sakurai, K., Chitoku, T., Shibuya, N., 1999. A new species of Mosasaurus (Reptilia, 

Mosasauridae) from Hobetsu, Hokkaido, Japan. The Bulletin of the Hobetsu Museum, 15, 

53–66. 

Schumacher, B.A., Carpenter, K., Everhart, M.J., 2013. A new Cretaceous Pliosaurid (Reptilia, 

Plesiosauria) from the Carlile Shale (middle Turonian) of Russell County, Kansas. Journal 

of Vertebrate Paleontology. 33(3), 613–628. 

Sereno, P.C., Dutheil, D.B., Larochene, M., Larsson, H.C.E., Lyon, G.H., Magwene, P.M., 

Sidor, C.A., Varricchio, D.J. and Wilson, J.A., 1996. Predatory dinosaurs from the Sahara 

and Late Cretaceous faunal differentiation. Science. 272, 986–991. 

Smith, J.B., 2007. Dental morphology and variation in Majungasaurus crenatissimus 

(Theropoda: Abelisauridae) from the late Cretaceous of Madagascar. Journal of Vertebrate 

Paleontology. 27, 103–126. 

Steel, R., 1973. Crocodylia. Handbuch der Paläoherpetologie, Teil 16. Gustav Fischer Verlag, 

Stuttgart. 

Stewart, J.D., Bell, Jr. G.L., 1994. North America’s oldest mosasaurs are teleosts. Contributions 

in Sciences. Natural History Museum of the Los Angeles County. 441, 1–9. 

Stover, L.E., 1966. Cretaceous coccoliths and associated nannofossils from France and the 

Netherlands. Micropaleontology. 12, 133–167. 

Stradner, H., 1962. Über neue und wenig bekannte Nannofossilien aus Kreide und Alttertiär. 

Sonderabdruck aus den Verhandlungen der Geologischen Bundesanstalt. 2, 363–377. 



Sues, H.-D., Frey, E., Martill, D.M., Scott, D.M., 2002. Irritator challengeri, a spinosaurid 

(Dinosauria: Theropoda) from the Lower Cretaceous of Brazil. Journal of Vertebrate 

Paleontology. 22, 535–547. 

Thierstein, H.R., 1973. Lower cretaceous calcareous nannoplankton biostratigraphy. 

Abhandlungen der Geologischen Bundesanstalt. 29, 3–52. 

Tremolada, F., Erba, E., 2002. Morphometric analysis of the Aptian Rucinolithus 

terebrodentarius and Assipetra infracretacea nannoliths: Implications for taxonomy, 

biostratigraphy and paleoceanography: Marine Micropaleontology. 44, 77–92. doi: 

10.1016/S0377-8398(01)(11)(138-X). 

Walker, A.D., 1970. A revision of the Jurassic reptile Hallopus victor (Marsh), with remarks on 

the classification of crocodiles. Philosophical Transactions of the Royal Society of London 

Series B, Biological Sciences. 257, 323–372. 

 Welles, S.P., Slaughter, B.H., 1963. The First Record of the Plesiosaurian Genus 

Polyptychodon (Pliosauridae) from the New World. Journal of Paleontology. 37(1), 131–

133. 

Worsley, T.R., 1971. Calcareous nannofossil zonation of Upper Jurassic and Lower Cretaceous 

sediments from the Western Atlantic, in: Farinacci, A. (Ed.). Proceedings of the Second 

Planktonic Conference Roma. Edizioni Tecnoscienza, Rome, pp. 1301–1321. 

Young, M.T., Andrade, M.B., 2009. What is Geosaurus? Redescription of Geosaurus giganteus 

(Thalattosuchia, Metriorhynchidae) from the Upper Jurassic of Bayern, Germany. 

Zoological Journal of the Linnean Society. 157, 551–585. 

Young, M.T., Andrade, M.B., Brusatte, S.L., Sakamoto, M., Liston, J., 2013a. The oldest known 

metriorhynchid superpredator: a new genus and species from the Middle Jurassic of 



England, with implications for serration and mandibular evolution in predacious clades. 

Journal of Systematic Palaeontology. 11, 475–513. 

Young, M.T., Andrade, M.B., Cornée, J-J., Steel, L., Foffa, D., 2014a. Re-description of a 

putative Early Cretaceous “teleosaurid” from France, with implications for the survival of 

metriorhynchids and teleosaurids across the Jurassic-Cretaceous Boundary / Nouvelle 

description d'un "téléosauridé" hypothétique de France et implications sur la survie des 

métriorhynchidés et des téléosauridés au passage Jurassique-Crétacé. Annales de 

Paléontologie. 100, 165–174. 

Young, M.T., Hua, S., Steel, L., Foffa, D., Brusatte, S.L., Thüring, S., Mateus, O., Ruiz-

Omeñaca, J.I., Havlik, P., Lepage, Y., Andrade, M.B., 2014b. Revision of the Late 

Jurassic teleosaurid genus Machimosaurus (Crocodylomorpha, Thalattosuchia). Royal 

Society Open Science. 1, 140222. 

http://rsos.royalsocietypublishing.org/content/1/2/140222 

Young, M.T., Andrade, M.B., Etches, S., Beatty, B.L, 2013b. A new metriorhynchid 

crocodylomorph from the Lower Kimmeridge Clay Formation (Late Jurassic) of England, 

with implications for the evolution of dermatocranium ornamentation in Geosaurini. 

Zoological Journal of the Linnean Society. 169, 820–848. 

Young, M.T., Bell, M.A., Andrade, M.B., Brusatte, S.L., 2011. Body size estimation and 

evolution in metriorhynchid crocodylomorphs: implications for species diversification and 

niche partitioning. Zoological Journal of the Linnean Society. 163, 1199–1216. 

Young, M.T., Brusatte, S.L., Andrade, M.B., Desojo, J.B., Beatty, B.L., Steel, L., Fernández, 

M.S., Sakamoto, M., Ruiz-Omeñaca, J.I., Schoch, R.R., 2012. The cranial osteology and 

feeding ecology of the metriorhynchid crocodylomorph genera Dakosaurus and 



Plesiosuchus from the Late Jurassic of Europe. PLoS one. 7, e44985. doi: 

10.1371/journal.pone.0044985. 

Young, M.T., Brusatte, S.L., Ruta, M., Andrade, M.B., 2010. The evolution of 

Metriorhynchoidea (Mesoeucrocodylia, Thalattosuchia): an integrated approach using 

geometrics morphometrics, analysis of disparity and biomechanics. Zoological Journal of 

the Linnean Society. 158, 801–859. 

Young, M.T., Steel, L., Rigby, M.P., Howlett, E.A., Humphrey, S., In press. Largest known 

specimen of the genus Dakosaurus (Metriorhynchidae: Geosaurini) from the Kimmeridge 

Clay Formation (Late Jurassic) of England, and an overview of Dakosaurus specimens 

discovered from this formation (including reworked specimens from the Woburn Sands 

Formation). Historical Biology. E-published 16/May/2014, doi: 

10.1080/08912963.2014.915822 

Zanno, L.E., Makovicky, P.J., 2011. Herbivorous ecomorphology and specialization patterns in 

theropod dinosaur evolution. Proceedings of the National Academy of Sciences. 108, 232–

237. 

Zammit, M., Norris, R.M., Kear, B.P., 2010. The Australian Cretaceous ichthyosaur 

Platypterygius australis: a description and review of postcranial remains. Journal of 

Vertebrate Paleontology. 30(6), 1726-1735. doi: 10.1080/02724634.2010.521930 

 



 

Figure 1: Geographical and geological context of MSNC 4475; A, close-up map of the 

locality where MSNC 4475 was found (modified from Martire and Pavia, 2004); B, Aptian 

palaeogeography of the Mediterranean Tethys showing the hypothesized location of MSNC 

4475 (modified from Ron Blakey, Colorado Plateau Geosystems); C, stratigraphic column 

showing the position of MSNC 4465 among the Hybla formation (modified from Roth, 1978 

and Pavia et al. 2002). Abbreviations: H: Hybla formation; I: Inici formation; L: Lattimusa 

formation; RA: Rosso Ammonitico formation. 

 



 

Figure 2: MSNC 4475, cf. Plesiosuchina; A, MSNC 4475; B, lingual view; C, labial view; D, 

distal-carinal view; E, mesial-carinal view; F, apical view; Scale bar: 1 cm. 

 

 

 

 

 

 



 

Figure 3: SEM images of MSNC 4475; A, details from the labial surface of the crown 

showing concavities adjacent to the carinae and surface ornamentation (scale bar: 0.5 cm); B, 

details from the apical portion of distal carina showing the denticles (scale bar: 1 mm); C, 

details from basal section of the mesial carina showing serrations (scale bar: 500 µm); D, 

details from lingual surface of the crown showing surface ornamentation (scale bar: 1 mm). 

Abbreviations: cc, carinal concavity; er, apicobasally aligned enamel ridges. 

 

 



 

Figure 4: Comparison among Geosaurini teeth; A, MSNC 4475, cf. Plesiosuchina; B, JJCC 1, 

Plesiosuchina indet. in lingual view; C, JJCC 1, Plesiosuchina indet. in labial view; D, MJML 

K434, Plesiosuchus manselii; E, detail from MJML K434 showing concavities adjacent to the 

carinae (cc); F, SMNS 91425, isolated tooth of Dakosaurus maximus; G, NHMUK PV 

R36717, isolated tooth of Dakosaurus maximus; H, BRSMG CD 7203, isolated tooth from 

Torvoneustes carpenteri; I, NHMUK PV R36638, isolated tooth of Geosaurus sp. in labial 

view; L, detail from NHMUK PV R36638, isolated tooth of Geosaurus sp. showing 

concavities adjacent to the carinae (cc); M, NHMUK PV R36638, isolated tooth of 

Geosaurus sp. in labial/carinal view; Scale bar: 1 cm. 


