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Abstract. A serrated tooth from the Coniacian-Santonian
(Upper Cretaceous) Polazzo fossil site (Karst, NE Italy) is the first
record of a notosuchian crocodyliform from Italy. Although it shares
synapomorphies with teeth referred to the European genus Doratodon
and with the Gondwanan genus Araripesuchus, it is distinct in the
unusual combination of features, suggesting the presence of a yet un-
reported notosuchian taxon in the Adriatic-Dinaric Carbonate Plat-
form located in the Tethys between the Afroarabian continent and
the North European landmass during Late Cretaceous times. Notosu-
chians were typically terrestrial crocodyliforms, supporting the pre-
sence of emergent areas on the carbonate platform.

Riassunto. Un dente munito di carene denticolate rinvenuto nel
sito fossilifero di Polazzo (Carso, Italia nordorientale) e databile al
Coniaciano-Santoniano (Cretacico Superiore) & la prima testimonianza
di un coccodrilliforme notosuco in Italia. Sebbene condivida sinapo-
morfie con denti attribuiti al genere europeo Doratodon e con il gond-
waniano Araripesuchus, esso si distingue per 'inusuale combinazione di
caratteri, che suggerisce la presenza di una specie di notosuco non
ancora identificata nella Piattaforma Carbonatica Adriatico-Dinarica,
localizzata tra il continente Afroarabico e quello Nord Europeo. I
notosuchi erano coccodrilliformi prettamente terrestri e questo & indi-
cativo della presenza di aree emerse sulla piattaforma carbonatica.

Introduction

During the 1997 field work in Upper Cretaceous
Polazzo fossil site (Fogliano-Redipuglia Municipality,
Gorizia Province, NE Italy; Fig. 1), an unusual serrated
tooth was found (Rigo 1997). The specimen was preli-
minarily and tentatively referred to the ziphodont cro-
codyliform Doratodon in some overviews of the Polaz-
zo fossil assemblage (e.g., Dalla Vecchia et al. 2001b;
Dalla Vecchia & Tentor 2004), but remained unde-

scribed. The tooth is stored in the collections of the
Palaeontological Section of the Museo della Rocca di
Monfalcone with the specimen number MPCM 11720
(the original field number was $97/118).

The aim of this work is to describe the specimen
in detail and discuss its affinity. Establishing the taxo-
nomic status of MPCM 11720 is necessary, as there have
been suggestions that the tooth could in fact belong to a
theropod dinosaur (P. Currie, pers. comm.). As dinosaur
evidence is rare in Italy, it would be worth of note. In
the meantime, the tooth has been recently mentioned in
literature as evidence of the genus Doratodon in the
Upper Cretaceous of Italy (Delfino 2001; Rabi 2008),
with potential paleogeographic implications, despite the
fact that its identification in previous papers was clearly
tentative and preliminary.

Terminology and methods

The odontological terminology and variables used in this paper
are those of Smith & Dodson (2003) and Smith et al. (2005). The terms
‘cellae’ and ‘caudae’ are used in the sense of Abler (1992). Parameters of
Doratodon teeth from Austria, Romania and Hungary are based on
measurements taken from photographs published in Buffetaut (1979),
Martin et al. (2006), and courtesy of Marton Rabi, respectively.

The averostran theropods are considered according to Ezcurra
(2006) as those belonging to the least inclusive clade including neocer-
atosaurs and tetanurans (Fig. 2A). The crocodyliform phylogenetic
framework and taxonomy followed herein is that of Sereno & Larsson
(2009) and Sereno et al. (2001). Accordingly, the Crocodyliformes are
the least inclusive clade including protosuchids and crown-group cro-
codiles (Crocodylia), the Mesoeucrocodylia is the most inclusive cro-
codyliform clade excluding protosuchids, and the Notosuchia is the
most inclusive clade including Notosuchus, but excluding crown-group
crocodiles (Fig. 2B).

1 Institut Catald de Paleontologia (ICP), Area de recerca del Mesozoic, Escola Industrial 23, E-08201 Sabadell, Spain.
2 Museo Geologico Giovanni Capellini, via Zamboni 63, I-40126 Bologna, Italy.
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Fig. 1 - Location of the Polazzo site (Fogliano-Redipuglia, Italy)

where MPCM 11720 was found.
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sented here.

Abbreviations for variables. AL, apical length; CA, crown
angle; CBL, crown base length; CBW, crown base width; CBR, crown
base ratio (CBW/CBL); CH, crown height; CHR, crown height ratio
(CH/CBL); DA, distal apical denticles density (per mm); DB, distal
basal denticles density (per mm); DC, distal mid-crown denticles den-
sity (per mm); MB, mesial basal denticles density (per mm); MC, mesial
mid-crown denticles density (per mm).

Institutional abbreviations. FGGUB, Facultatea de Geologie
si Geofizica, Universitatea Bucuresti, Bucharest, Romania; MNN, Mu-

séum National du Niger, Niamey, République de Niger; MPCM, Mu-
seo della Rocca di Monfalcone — Sezione Geopaleontologica (former
Museo Paleontologico Cittadino di Monfalcone), Gorizia, Italy; UWP,
Paleontological Institute, University of Vienna, Austria.

Geological and paleontological notes

The Polazzo fossil site occurs in the western por-
tion of the Italian sector of the Karst Plateau named
‘Carso Isontino’ in Italian. It actually includes two sites,
named site A and site B and probably representing two
distinct, but close, stratigraphic sections (see Dalla Vec-
chia et al. 2001b and Dalla Vecchia & Tentor 2004 for
more information).

Fieldwork at site B where MPCM 11720 was
found has been undertaken systematically since 1996
by the Museo Paleontologico Cittadino of Monfalcone
(now Palaeontological Section of the Museo della Rocca
di Monfalcone).

Both site A and B have yielded a peculiar fossil
assemblage composed mainly of perfectly articulated
and well-preserved osteichthyan fishes. The ichthyofau-
na includes the pycnodontiform Polazzodus coronatus
Poyato-Ariza, 2010, the alopiform Rhbynchodercetis,
small clupeomorphs, rare Chanidae, Enchodus sp., an
anguilliform, and some small-sized beryciform
acanthopterygians (Guidotti 1983; Dalla Vecchia &
Tentor 2004; Poyato-Ariza 2010). Terrestrial plant re-
mains (Frenelopsis sp., Brachiphyllum sp., Pagiophyllum
sp., cf. Sphenolepis, Cunninghamites cf. elegans, some
probable ginkoales and indeterminate angiosperms) are
relatively common at site A, and are much rarer at site B
(Dalla Vecchia & Tentor 2004). Invertebrate evidence is
represented only by a few decapod crustaceans, some
rudist bivalve shells and a level with trace fossils (Dalla
Vecchia & Tentor 2004). Tetrapod remains were found
nearly exclusively at site A and consist of disarticulated
bones of non-marine chelonians and a worn tooth of a
crocodyliform (Dalla Vecchia & Tentor 2004).

The fossiliferous section of site B is only 122.5 cm
thick and is composed of thinly laminated, light gray-
greenish limestone (Dalla Vecchia et al. 2001b; Dalla
Vecchia & Tentor 2004). Microfacies analysis suggests
that deposition was in a restricted lagoonal environment
with intertidal episodes (Sandro Venturini, pers. comm.
to E M. D. V.). MPCM 11720 was found at the bound-
ary between layers B and C, 200 and 190 mm thick
respectively (see Dalla Vecchia & Tentor 2004, fig. 27).
Both layers are composed of sets of stromatolite lami-
nae and thin, coarser storm levels. The tooth was de-
posited at the base of the lamina B6 that is the lower-
most storm level of layer B; other fossils found in B6
include the fish Rhynchodercetis. This section is part of
a thicker stratigraphic section made of platy, well-
bedded limestone cropping out east of the village of
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Polazzo, belonging to the thick Upper Cretaceous car-
bonate platform sequence of the Karst. This sequence is
dominated by limestone with rudist bivalves and is
known in literature under the name of ‘Calcari di
M.te San Michele’ (Martinis 1962). The lithostrati-
graphic unit containing the Polazzo section is called
locally “Calcari di Aurisina’ (known informally also as
‘calcari a Rudiste’) and its age is considered Turonian-
early Senonian (Tentor et al. 1994). Tintori et al. (1993)
referred site A to the lower Senonian because of the
presence of the foraminifer Accordiella conica and the
algae Sgrossoella partenopeia above the fish levels and
the foraminifer Montcharmontia apenninica below.
Montcharmontia sp. was found also at site B; The for-
aminifers M. apenninica, Psendocyclammina sphaeroi-
dea, Accordiella sp., and Scandonea samnitica, and the
algae Sgrossoella sp. were found in a section immedi-
ately below the fossiliferous section of site B. This as-
semblage suggests an early Senonian age (i.e., Conia-
cian-Santonian) also for site B, in agreement with the
stratigraphic framework of the Karst Plateau (S. Ventu-
rini, pers. comm. to F. M. D. V.).

The Karst Plateau is formed mainly by carbonates
generally supposed to have been deposited in a shallow
marine environment at tropical latitudes and dominated
by rudist ‘reefs’ during Late Cretaceous times. Follow-
ing recent palaeogeographic reconstruction of western
Tethys (see, for example, Eberli et al. 1993; Camoin et
al. 1993; Philip et al. 2000), the Karst Plateau was situ-
ated at the northern point of a wide, isolated intraocea-
nic carbonate platform of Bahamian type (Adriatic-Di-
naric carbonate platform) during Senonian times (Fig.
3). Emersion events affected locally or extensively this
platform several times during Cretaceous times; the
most important occurred during the late Campanian-
Maastrichtian when a relatively large island formed
(Adriatic Island: Otonicar 2007; Dalla Vecchia 2008,
2009). The emergent parts of the carbonate platform
belonged to an archipelago of islands placed between
the Northern European landmass and the Afroarabian
continent (the European Archipelago: see Dalla Vecchia
2006; Pereda-Suberbiola et al. 2009).

Systematic Palaeontology

Archosauria Cope, 1869
Crocodylomorpha Walker, 1970
Crocodyliformes Hay, 1930
Mesoeucrocodylia Whetstone and Whybrow, 1983
Notosuchia Gasparini, 1971

Notosuchia gen. and sp. indet.
Figs 4-7A

- The western Tethys during Santonian (Late Cretaceous)
times, based on Eberli et al. (1993), with location of the
Karst Plateau (asterisk) on the Adriatic-Dinaric Carbo-
nate Platform. Dark gray color represents deep sea on
oceanic crust, light gray epicontinental sea and marine
basins on continental crust, white emergent land, and
brick-pattern identifies the carbonate platforms.

Description. MPCM 11720 is a shed crown; the
root was nearly completely re-adsorbed and the basal
side of the crown appears concave in labiolingual view
(Fig. 4A-B). Both mesial and distal cutting margins bear
serrated carinae. Its AL is 12.25 mm and CH is 11.36;
the CBL is 5.82 mm. The CBW is not significative be-
cause the labial side is damaged and the lingual side is
slightly collapsed; width at mid-crown is 3.07 mm. The
CBR cannot be calculated; however, the crown is not
strongly compressed labiolingually: the width at the
mid-crown is more than half the CBL (58%). The
crown is relatively elongated basoapically, as the CHR
equals 1.95.

The labiolingual polarity is likely indicated by the
position of the mesial carina that twists on one side,
presumably the lingual one.

The outline of the crown in side view is triangular,
moderately curved distally (CA is 68 degrees), with a
convex mesial margin that curves smoothly from the
basal part to the apex, and a nearly straight and slightly
inclined distal margin (Fig. 4A-B). The apical half of the
crown is slightly curved lingually. The base of the
crown is constricted; the constriction is well-marked



312 Dalla Vecchia EM. & Can A.

Fig. 4

along the distal margin, where a notch is evident (Fig.
5), but it is imperceptible along the mesial margin. The
distal margin presents a ‘bump’ just above the notch.
The labial side is symmetrically convex (i.e., the apex
of the convexity is central on the side; Fig. 4B); the
lingual side has a central, longitudinal relief with a flat
surface and step and concave mesial and distal slopes
that are confluent with the serrated carinae and empha-
size them (Fig. 4A, 7A).

The mid-crown cross-section is subrectangular to
drop-like, with a rounded and wider mesial side, a nar-
rower distal side with a sharp carina, a convex labial
side, and a more flattened lingual side.

The apex of the crown presents a small wear facet
extending slightly on the lingual surface. The crown
surface is not fluted; it shows thin and irregular long-
itudinal wrinkles of the enamel. Small circular pits can
be observed in the mid-lower part of the lingual side
(Fig. 4A, 7A). The largest has a diameter of 0.43 mm,
whereas the smallest has a diameter of 0.14 mm. The
largest pit presents concentric lines of breakage and
collapse of the tooth surface, which suggest it is a struc-
ture caused by compression by a small, conical point,
possibly the tooth of a crunching fish (puncture mark).

The distal carina extends from the apex to the basal
notch and is contiguously serrated (Fig. 4C). Basally, it
shifts on the lingual side in correspondence of the
‘bump’. A total of 45 denticles can be counted. They
are slightly smaller in the basal part of the carina where

- MPCM 11720, Notosuchia sp. and gen. indet. A) lingual view; B) labial view; C) distal view; D) mesial view. Scale bar equals 1 mm.

the outline of the margin just above the indentation is
slightly but distinctly convex (‘bump’) (Fig. 5); interden-
ticle slits in the basal part are shorter and cellae less
developed than in successive denticles; DB is 8. Mid-
crown denticles are more distinct, chisel-shaped, and
basoapically longer than high (Fig. 6A-B); denticles are
slightly inclined toward the apex of the crown, but they
are symmetrical. DC is 5-5.5. Shallow caudae extend on
the carina and are angled basomesially, whereas the in-
terdenticle slits and cellae occur only in the most exter-
nal part of the carina; very thin enamel ridges parallel to
the caudae extend onto the lingual surface of the crown
(Fig. 6A). There is an enamel ridge on the midline of
each mid-distal denticle (Fig. 6B). Toward the apex, den-
ticles become small again (DA is 7.5-8) and they are not
clearly distinct in the uppermost 2.3 mm of the carina.
The mesial carina is close to the midline near the
apex of the crown, but it shifts on the lingual surface
just 1 mm below the apex and twists lingually (so, den-
ticles point lingually and only slightly mesially). Thus,
only a short apical segment coincides with the mesial
margin of the crown (Fig. 4D). The mesial carina
reaches the basal part of the crown, but the basal seg-
ment (~2.9 mm) is damaged and denticulation is only
partly preserved. A total of 28 denticles can be counted
in the remaining portion of the carina. MC is 6, thus the
mesial denticles are slightly smaller than the corre-
sponding distal denticles. Mid mesial denticles differ
from mid distal ones in being less distinct because inter-
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Fig.5 - MPCM 11720, Notosuchia sp. and gen. indet. Particular of
the basal constriction. The arrow points to the more

marked distal constriction. Scale bar equals 1 mm.

denticle slits are very short and cut only the margin of
the carina, cellae are reduced, and caudae are not devel-
oped (Fig. 6C-D). The few unworn denticles are asym-
metrical (pointing apically) and longer than high. The
denticles diminish in size toward the apex (~8/mm);
individual denticles are not distinct in the uppermost
3.5 mm of the carina, because the interdenticle slits
are very short and cut only the outer part of the carina

(they look like papillae; Fig. 6C).

Discussion

The tooth obviously belongs to a carnivorous,
gnathostomate vertebrate and, assuming that the shift
of the mesial carina is lingual, it comes from the left
upper jaw or from the right lower jaw. Serrated teeth
occur in different gnathostomate groups, from chon-
drichthyan fishes to mammalians (e.g., Farlow et al.
1991; Abler 1992). Presence of teeth with labiolingually
compressed crowns bearing finely denticulated carinae
(ziphodont teeth) is considered an archosauriform sy-
napomorphy (e.g., Benton 1999) that is secondarily lost
in several derived lineages: many crocodyliforms, most
pterosaurs, and ornithischian and sauropodomorph di-
nosaurs. Among Cretaceous archosaurs, ziphodont
teeth are reported in most (but not all) theropod clades
and several crocodyliforms. Therefore, the presence of
ziphodont teeth is a symplesiomorphic condition that
alone cannot be used for referring isolate teeth to a less
inclusive archosaur clade. Although ziphodonty is
probably plesiomorphic for theropods dinosaurs, iso-
lated ziphodont teeth that are found in Cretaceous
rocks originated from continental sediments — and

Fig. 6

- MPCM 11720, Notosuchia sp. and gen. indet. A-B) distal margin in lingual (A) and distal (B) view; C) the mid-apical part of the

mesial margin in lingual view; D) mid-denticles of the mesial margin. Scale bar equals 1 mm.
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sometimes also from sediments deposited in transi-
tional/shallow marine settings — are traditionally re-
ferred to that clade (e.g., Currie et al. 1990; Fiorillo &
Currie 1994; Lee 1997; Baszio 1997; Torices 2003;
Torices et al. 2004; Sankey et al. 2002, 2005; Sankey
2008; Longrich 2008).

MPCM 11720 comes from a section whose sedi-
ments probably originated in an intertidal to lagoon
environment containing rare marine invertebrates and
foraminifers, fishes with a marine to fresh water distri-
bution (i.e., Pycnodontiformes) and fishes with a marine
distribution only (Rhynchodercetis and Beryciformes).
However, the rare remains of terrestrial vegetation
found in the tooth-bearing section, and the non-marine
turtles and abundant plants collected at site A, testify to
the presence of close emergent areas. Footprints of
small to medium-sized bipedal dinosaurs, mostly refer-
able to theropods with a size similar to that of the pos-
sible owner of the described tooth, are relatively com-
mon in the upper Albian and upper Cenomanian carbo-
nate platform limestones of the nearby Istrian Peninsu-
la, Croatia (e.g., Dalla Vecchia 1998; Dalla Vecchia &
Tarlao 2000; Dalla Vecchia et al. 2001a, 2002). Small
theropod teeth are reported from the Maastrichtian site
of Kozina (SW Slovenia; Debeljak et al. 1999, 2002) that
1s about 40 km SE of the Polazzo site. Thus, the identi-
fication of MPCM 11720 as a theropod tooth would not
contrast with the local and regional geological history
and faunal assemblages.

Comparisons with theropod dinosaurs

Theropod teeth are considered diagnostic at low
taxonomic level (e.g., Currie et al. 1990; Fiorillo & Cur-
rie 1994; Baszio 1997; Sankey et al. 2002, 2005; Smith et
al. 2005; Sankey 2008; Longrich 2008). Based on the
subtriangular shape of the crown and its limited curva-
ture in labiolingual view, the relatively high labiolingual
width, and the absence of apical curvature of the distal
margin, MPCM 11720 differs from the lateral (maxillary
and distal dentary) teeth of most theropods, the latter
taxa showing labiolingually flattened, blade-like and
apically recurved crowns in labiolingual view (e.g., Cur-
rie et al. 1990; Baszio 1997; Sankey et al. 2002, 2005;
Brochu 2003; Sankey 2008; Longrich 2008). MPCM
11720 shares the presence of a lingually shifted mesial
carina with premaxillary and mesial-most (symphysial)
dentary teeth of most averostran theropods (Currie et
al. 1990; Rauhut 2003; Rauhut et al. 2010). It shares
some derived features with mesialmost maxillary and
dentary teeth of abelisauroid neoceratosaurs: lingually
shifted mesial carina (Sampson et al. 2001; Smith 2007),
low but distinct basoapically elongate convex area run-
ning along the center of the lingual surface with flat to
slightly concave areas adjacent to the serrated carinae
(Rauhut 2004; Fanti & Therrien 2007; Smith 2007),

and the presence of a straight, serrated distal margin
(Smith et al. 2005). It differs from the premaxillary teeth
of known abelisauroids because the crown shows a
more asymmetrical cross-section profile in the latter,
more markedly convex labially and flatter lingually
(Smith 2007). One peculiar feature of MPCM 11720 is
the presence of a slight constriction at the crown-root
junction along the distal margin, marked by a low
‘bump’ of the serrated margin just above the indenta-
tion. Although widespread among basal dinosauriforms,
ornithischians, basal sauropodomorphs, and the primi-
tive Triassic saurischian Eoraptor (Langer & Benton
2006), the combination of characteristics observed in
MPCM 11720 is absent in all known non-coelurosaur
theropods (Rauhut 2003). Among Coelurosauria, a ba-
sal constriction of the crown is reported in the basal
ornithomimosaur Pelecanimimus (Perez-Moreno et al.
1994), therizinosauroids (Zanno 2010), alvarezsaurids
(Perle et al. 1994), troodontids (Currie 1987), the dro-
maeosaurid Microraptor (Hwang et al. 2002), toothed
birds (Padian & Chiappe 1998), and in the premaxillary
teeth (but not in maxillary or dentary teeth) of the basal
tyrannosauroid Proceratosanrus (Rauhut et al. 2010).
The Polazzo specimen differs from all these taxa in
the presence of a serrated basal half of the mesial carina.
MPCM 11720 is clearly different from the teeth of the
therizinosauroids, those of the few dentate ornithomi-
mosaurs, and those of the troodontids (including those
basal taxa that bears finely denticulated carinae), be-
cause the constriction of the crown base is not marked,
expecially mesially (Barrett 2009). The Polazzo tooth
differs from all known theropod teeth in the incomplete
serration of the mesial carina. This condition has never
reported among theropods: all described specimens are
either ‘truly’ serrated or unserrated (e.g., Currie et al.
1990; Baszio 1997; Torices 2003; Torices et al. 2003;
Sankey et al. 2002, 2005; Sankey 2008; Longrich 2008).
In conclusion, the combination of character conditions
seen in MPCM 11720 is unreported in theropod teeth
(Tab. 1). In particular, the combination of incomplete
mesial serration and a basal ‘bump’ has never been re-
ported in any theropod taxon. Although some single
features (overall tooth morphology, denticle shape and
density in the distal carina) are shared with abelisaur-
oids, tyrannosauroids and dromaeosaurids, all alterna-
tive placements of MPCM 11720 among the Theropoda
require a comparable amount of homoplasy. Pending
additional evidence, it is unlikely that MPCM 11720
belongs to a yet-unreported lineage of theropods with
an unusual dental morphology.

Comparisons with Crocodyliformes
Crocodyliform teeth are usually conical with un-
serrated carinae (Edmund 1969), but the Notosuchia
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Tab. 1 - Distribution of the odonto-
logical features discussed in
the text among crocodyli-

form and theropod taxa.

315

Lingual shift of mesial carina
Carinae Mid-crown Basal crown (in non-premaxillary
Taxon/grade . . A .
ornamentation cross-section constriction and non-symphysial
dentary teeth)
Crocodyliformes
“Protosuchids” denticles elliptical absent absent
“Sphenosuchids” denticles elliptical absent absent
Non—Geosaqunl absent rounded absent absent
thalattosuchians
Geosaurini dcnthICS/. elliptical absent absent
pseudo-serrations
Most neosuchians absent rounded absent absent
Pristichampsus denticles elliptical absent absent
Trematochampids denmleS/. elliptical absent absent
pseudo-serrations
“Sebecosuchians” denticles/absent elliptical absent absent
“Notosuchids” cusps teardrop-shaped marked absent
Araripesuchus denticles elliptical moderate in A. wegeneri
Doratodon denticles elliptical moderate absent
Theropod dinosaurs
A . elliptical or . .
Abelisauridae denticles D-shaped absent in Majungasaurus
Non-maniraptoran . elliptical or
denticles absent absent
tetanurans D-shaped
Troodontidae denticles/absent rounded/elliptical present absent
. . ellitptical or in .
Dromaeosauridae denticles/absent . in Dromaeosaurus
D-shaped Microraptor
Denticles, not
completely subrectangular to
MPEMIIT20 | ihgividualized in the | drop-like moderate present
apical part of carinae

(“Ziphosuchia’ sensu Company et al. 2005), a few me-
triorhynchids (Andrade et al. 2010), Pristichampsus
and the Trematochampsidae (Buffetaut 1974) are char-
acterized by labiolingually compressed teeth with ser-
rated cutting margins made of distinct denticles (Pra-
sad & de Lapparent de Broin 2002; Company et al.
2005; Sereno & Larsson 2009; Turner & Sertich 2010).
According to Prasad & de Lapparent de Broin (2002:
36) “true ziphodonts are those with teeth having lat-
erally compressed crowns with posterior recurved
apex, anterior and posterior carinae bearing a number
of isolated festoon-like denticles” whereas ‘false zi-
phodont teeth’ are those where “the anterior and pos-
terior carinae are relatively coarse and bear crenula-
tions generally formed by anastomising, irregular
ridges issued from the main body of the crown”. Ac-
cording to Legasa et al. (1994: 132) true ziphodont
margins are those having carinae with isolated denti-
cles, and “an ‘isolated denticle’ is a discrete morpho-
logical unit, clearly individualized by an interdenticle
groove or notch”. Following this definition of zipho-
donty, MPCM 11720 is not a ‘false ziphodont’ tooth
and is closer to a true ziphodont condition, although
the denticles of the apical half of the mesial carina and
those of the the apical part of the distal carina are not

clearly individualized by interdenticle slits and cellae
extending on the whole carina.

According to Prasad & de Lapparent de Broin
(2002), ziphodonty is highly homoplastic within Cro-
codyliformes (Tab. 1). For example, the marine metrior-
hynchids Geosaurus giganteus and Dakosanrus maxi-
mus from Upper Jurassic and lowermost Cretaceous
have denticulated cutting margins, whereas their close
relative Torvoneustes shows a ‘false’ ziphodonty (see
Andrade et al. 2010).

Notosuchia is a clade that was common in South
America and Africa during the Cretaceous (Gasparini et
al. 1991; Sereno et al. 2003; Sereno & Larsson 2009),
whereas in Europe, ziphodont taxa became more fre-
quent during the Eocene (Iberosuchus, Bergisuchus, the
‘iberoccitanian crocodile’, and the eusuchian Pristi-
champsus; Legasa et al. 1994; Prasad & de Lapparent
de Broin 2002).

The referral of MPCM 11720 to Pristichampsus,
the Sebecosuchia (included in the Notosuchia accord-
ing to Sereno et al. 2001), and the trematochampsids is
dismissed because of the absence of both the basal
‘bump’ and the lingually shifted carina, and the pre-
sence of a comparatively blunter and rounded apex of
the crown in those clades (Chiappe 1988; Gasparini et
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al. 1991; Buckley & Brochu 1999; Turner & Calvo
2005).

Comparisons with Doratodon

According to Company et al. (2005) and Martin et
al. (2010), the notosuchian Doratodon is the only true
ziphodont crocodyliform known in the Upper Cretac-
eous of Europe. Based on its small size, its scarce labio-
lingual compression (it is not blade-like), and modest
curvature, Dalla Vecchia et al. (2001b) and Dalla Vec-
chia & Tentor (2004) tentatively referred MPCM 11720
to the only crocodyliform with denticulated teeth
known in the Upper Cretaceous of Europe, Doratodon,
instead of a theropod taxon. Doratodon is reported
from the uppermost Cretaceous of Austria (Bunzel
1871; Seeley 1881; Buffetaut 1979), Spain (Company et
al. 2005), Romania (Martin et al. 2006) and Hungary
(Rabi 2008). Spanish, Romanian, and Hungarian speci-
mens were found in rocks originated from fluvial and/
or lacustrine sediments; the Austrian specimens come
from a sequence of coal seams and freshwater/nearshore
marine clastic rocks (Kvalek & Herman 2004).

Doratodon carcharidens (Bunzel, 1871) is the type
species of the genus Doratodon Seeley (1881) and is
based on almost complete mandible with poorly pre-
served teeth, a fragmentary maxilla and eight isolated
teeth (Buffetaut 1979). All specimens excluding one
tooth are from the lower Campanian Griinbach Forma-
tion of the Muthmannsdorf locality, Austria (Summes-
berger et al. 2007). Teeth are homodont in size (Com-
pany et al. 2005), but heterodont in shape (Buffetaut
1979). Buffetaut (1979, pl. 1) figured four isolated
crowns that appear more bulbous than MPCM 11720,
although Buffetaut (1979: 91) described them as
“strongly compressed laterally”. Furthermore, their
cross-section is reported as oval and the mesial carina
does not shift on the lingual side (Buffetaut 1979; Fig.
7B). The distal margin is sigmoid in labiolingual view in
UWP 2349/58 and 60 (Buffetaut 1979, pl. 1, figs 6 and 7
respectively), whereas it is nearly straight in MPCM
11720. UWP 2349/59 (Buffetaut 1979, pl. 1, fig. 5) has
a less sigmoid distal margin respect to the other D.
carcharidens teeth, and a basal distal constriction (Fig.
7B). One side of UWP 2349/59 (in the caption of pl. 1,
Buffetaut 1979 does not specify whether the lingual or
labial is figured) seems to have a central, longitudinal
relief with a flat surface (see Fig. 7B), possibly present
also in UWP 2349/58. However, this would be in con-
trast with the description of the cross section of the
Doratodon carcharidens teeth as oval given in Buffetaut
(1979). UWP 2349/59 is only slightly less curved than
MPCM 11720 (CA is 70 degrees) and less elongated
basoapically (CHR equals 1.78). According to the de-
scription by Buffetaut (1979), the whole carinae are fi-
nely serrated, with 8 denticles/mm, but the crowns are

somewhat smaller than MPCM 11720, the basoapical
height ranging 11-7 mm. In fact, Buffetaut (1979: 91)
reported that the largest tooth is 11 mm ‘long” and a
smaller one is “only 7 mm long [...] the anteroposterior
diameter is 4 mm, the labiolingual one 2.5 mm”, but he
did not report the museum number of the specimens,
thus we don’t know to which of the figured specimens
he refers.

Doratodon ibericus Company, Pereda Suberbiola,
Ruiz-Omeflaca & Buscalioni, 2005 is based on an in-
complete lower jaw with teeth found in the Sierra Pe-
renchiza Formation at the Chera site (Valencia, Spain),
late Campanian or early Maastrichtian in age. Teeth are
heterodont in size and shape; the fourth tooth is sub-
conical (CBR is about 0.62), whereas crowns in a more
distal position are laterally compressed but straight. The
fourth dentary tooth resembles MPCM 11720 in overall
shape and size (Company et al. 2005, fig. 3). However,
its mesial carina does not shift and twist lingually as
well as that of the other teeth, including the mesial-most
ones (Company et al., 2005; Julio Company, pers.
comm. to F. M. D. V.). Furthermore, serrations of the
carina are always formed by clearly individualized den-
ticles in this taxon (Company et al. 2005). There are
three and five denticles per mm at mid-crown in large
and small teeth, respectively (Company et al. 2005).
Denticles are comparatively larger, and paired denticles
joined at the base are irregularly present, at least in the
figured second mandibular tooth (Company et al. 2005,
fig. 4). A marked basal constriction along the distal
margin and the low ‘bump’ just apical to it, and the
central, longitudinal relief with a flat surface in the lin-
gual side are not present (Company et al. 2005; J. Com-
pany, pers. comm. to F. M. D. V.).

Several teeth from the lower Maastrichtian or
possibly basal upper Maastrichtian Fantanele and Pui
localities of the Hateg Basin of Transylvania (Romania)
were referred by Martin et al. (2006) to Doratodon sp.
The attribution to the genus is based on the carinae
displaying a “clear plication of the enamel and the den-
tine, which is characteristic of the genus” (Martin et al.
2006: 32), meaning with that the presence of true den-
ticles (Jeremy Martin, pers. comm. to A. C.). However,
we note that such a feature is not autapomorphic for
Doratodon, this being a notosuchian symplesiomorphy
shared by several other taxa (Lagasa et al. 1994; Ortega
et al. 2000; Sereno & Larsson 2009). The only reference
to teeth in the diagnosis of Doratodon by Buffetaut
(1979: 90-91) is “teeth strongly compressed laterally,
with finely serrated edges and smooth enamel”, whereas
Doratodon is not diagnosed by any dental features in
the revision by Company et al. (2005). One of the two
Transylvanian morphotypes (FGGUB R.1939; Martin
et al. 2006, pl. 1, fig. 1-2; Fig. 7D) resembles MPCM
11720 in the overall shape of the crown in labiolingual
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view, triangular and high (CHR equals 2.04, CA is 72
degrees), the slight labiolingual compression, the con-
striction at the base of the crown only visible distally
and the presence of the ‘bump’ just apical to it, and the
basal lingual twisting of the distal carina. However, it
differs from MPCM 11720 in: the shape of the denti-
cles, having the same denticles morphology mesially
and distally, distinct denticles in the apical half of the
mesial carina, the absence of lingual shift of the mesial
carina, and more recurved cutting margins; further-
more, a flat central and longitudinal part on the crown
in the lingual side and the relative depression between
this part and the carinae are not mentioned in the
description.

Rabi (2008) reports the presence of Doratodon in
the Santonian Csehbidnya Formation at Tharkdt, Bak-
ony Mts, western Hungary. One of the three Hungar-
ian morphotypes (Marton Rabi, pers. comm. to E. M.
D. V.) shares with MPCM 11720 a tall (CHR equals
2.17) and slightly distally recurved crown (CA is 70
degrees), with a basal constriction more marked dis-
tally where also a ‘bump’ of the carina is present, and
a straight distal margin (Fig. 7D). It differs from
MPCM 11720 in the absence of a lingual twist of

the mesial carina, which has also well-defined, large,
and chisel-shaped denticles, at least at mid-crown.
From the photograph of the crown (courtesy of M.
Rabi) it is impossible to state whether a central, long-
itudinal relief with a flat surface is present along the
lingual side or not. This specimen resembles the speci-
men FGGUB R.1939 figured by Martin et al. (2006) (cf.
Fig. 7C-D).

As shown above, the criterion used by Martin et
al. (2006) to support the referral of the Romanian teeth
to Doratodon is based on a notosuchian symplesiomor-
phy, not on unique diagnostic features of the genus
Doratodon. This casts several doubts on the referral of
isolated ziphodont teeth from the Upper Cretaceous of
the European Archipelago to the genus Doratodon
based only on that feature, since those serrated teeth
may belong to other notosuchian genera (Sereno &
Larsson 2009). Although none of the teeth referred to
Dovratodon is described in detail in the literature, the
Polazzo specimen seems more similar to the type spe-
cies D. carcharidens from the lower Campanian of Aus-
tria than those from the upper Campanian-Maastrich-
tian of Spain; this is not surprising because of palaeo-
geographic and chronostratigraphic reasons. However,

fep

Fig. 7

- MPCM 11720 compared to teeth referred in literature as Doratodon and to Arari-
pesuchus wegeneri. A) MPCM 11720, lingual view; B) Doratodon carcharidens,
UWPI 2349/59, from Muthmannsdorf locality, Austria (drawn from Buffetaut
1979, pl. 1, fig. 5; scale bar is approximate because the scale in figures and sizes in
the text by Buffetaut 1979 are not in agreement each other); C) ‘Doratodon’ sp. from
the Csehbénya Formation, Tharkidt, Hungary (from a photo courtesy of M. Rabi,
scale unknown); D) ‘Doratodon’ sp., FGGUB R.1939 from Fantinele locality, Ro-
mania (drawn from Martin et al. 2006, pl. 1, fig.2a); E) 11th left mandibular tooth of
Avraripesuchus wegeneri, lingual view, MNN GAD20, Elrhaz Formation, Gadofaoua,
Niger (from Sereno & Larsson 2009, fig. 21C). The scale bar equals 1 mm. Abbrevia-
tions: bp, ‘bump’; br, basal resorption; dbe, distal basal constriction; dc, distal carina;
mc, mesial carina; pm, puncture mark.
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the tooth from Polazzo shows differences with all the
teeth reported from Austria, Spain, and Romania. The
most important of which are the presence of a lingually
shifted mesial carina, and the apical part of the distal
carina and apical half of the mesial carina without com-
pletely individualized denticles.

Further comparisons

Among Crocodyliformes, a straight carina run-
ning apicobasally along the mesial margin of the teeth
is a plesiomorphic feature shared by most taxa, whereas
a lingual shifting of the mesial carina is a poorly men-
tioned apomorphy with a patchy distribution (e.g., it is
present in the dyrosaurid Hyposaurus rogersii from the
Maastrichtian of New Jersey, but not in other dyrosaur-
ids; Denton et al. 1997). A lingual shifting of the mesial
carina occurs also in Razanandrongobe sakalavae (Si-
mone Maganuco, pers. com. to A. C.), an enigmatic
ziphodont taxon from the Middle Jurassic of Madagas-
car with possible crocodylomorph affinities (Maganuco
et al. 2006). Recently, Sereno & Larsson (2009: 35) re-
ported “lingually deflected mesial carina and associated
trough” as an autapomorphy of the largest postcanini-
form teeth of the notosuchian Araripesuchus wegeneri
Buffetaut & Taquet, 1979, from the continental Elrhaz
Formation (Aptian-Albian) of Niger. The 11th dentary
tooth of A. wegeneri is very similar to the Polazzo tooth
sharing with it a slight basal constriction, finely serrated
mesial and distal carinae, and a central, longitudinal re-
lief with a flat surface on the lingual side (Sereno &
Larsson 2009, figs. 20C, 21A, 21C). It differs from
MPCM 11720 mainly in the mesiodistally broader and
labiolingually thicker crowns (CHR is about 1.60, CA
is 63 degrees) with both mesial and distal margin mark-
edly convex (Sereno & Larsson 2009; Fig. 7E). It is also
sensibly smaller, AL being about 5 mm.

Conclusions

The serrated tooth from the Polazzo site is not a
theropod tooth: the character states shared by the Po-
lazzo specimen with some theropods are as either adap-
tive convergences or archosaurian symplesiomorphies
(Tab. 1).

Important features distinguish it also from the
known material of Doratodon, the only ziphodont cro-

codyliform genus reported to date from the European
Upper Cretaceous. It is noteworthy that the Polazzo
specimen shares the unusual presence of a lingual shift-
ing of the mesial carina with one species of the notosu-
chian Araripesuchus. This genus has a pan-Gondwanan
distribution; its monophyly has been questioned by Or-
tega et al. (2000) and Turner & Sertich (2010), but was
supported by Pol & Apesteguia (2005) and Sereno &
Larsson (2009). The shared presence of many characters,
including an autapomorphy, suggesting a strict affinity
between MPCM 11720 and a Gondwanan taxon, has
evident paleobiogeographic implications. However,
since the distribution of a lingually shifted mesial carina
among crocodyliforms may have been overlooked in
literature, the phylogenetic meaning of that character
(for example, its inclusiveness among Araripesuchus spe-
cies or notosuchians as a whole) has yet to be tested in a
cladistic framework. Furthermore, the Polazzo crown
has the apical part of the distal carina and apical half of
the mesial carina without completely individualized
denticles, a feature yet unreported in other crocodyli-
forms, although also probably overlooked in literature.
All this suggests referring it as a yet unnamed notosu-
chian crocodyliform, possibly with Gondwanan affi-
nities.

MPCM 11720 represents the first record of a no-
tosuchian crocodyliform from Italy (Delfino 2001; Bon-
figlio 2005) and from the Adriatic-Dinaric Carbonate
Platform of the European archipelago as well (Steel
1973; Pereda-Suberbiola 2009). As notosuchians were
typically terrestrial (O’ Connor et al. 2010), MPCM
11720 is further evidence of local emergence in the
northern part of the Adriatic Dinaric carbonate plat-
form during early Senonian times.
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