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Abstract: Titanosaur sauropods are a common component of the Cretaceous fauna of the
Serra da Galga Formation, Tridngulo Mineiro region, Minas Gerais, Brazil. Among these,
three distinct tooth morphotypes are recognized and described here. One of the teeth
represents the largest titanosaur tooth ever found, whereas others correspond to possible
juveniles. This diversity of morphologies, sizes, and ontogenetic stages shows that the

Serra da Galga environment supported a diverse titanosaur fauna.
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1. Introduction

The Serra da Galga Formation (Bauru Basin) excels as the richest titanosaur-bearing
deposit of the Brazilian Cretaceous, with records varying from eggs and juveniles
(Fiorelli et al., 2022; Silva Junior et al., 2017) to fully grown individuals (Kellner et al.,
2005; Salgado and Carvalho, 2008; Silva Junior et al., 2022). Yet, compared to other
areas, the record of isolated titanosaur teeth in the unit is relatively poor, with just few
specimens housed at Centro de Pesquisas Paleontoldgicas “Llewellyn Ivor Price” and
some others collected in previous field works in the area (Kellner, 1996). Despite the
inferred availability of such skeletal remains, given the high tooth replacement rate in
titanosaurs (D’Emic et al., 2013; Kosch et al., 2014), preservation biases toward larger
specimens in the Serra da Galga Formation (Martinelli et al., 2019) seem to have
hampered the preservation of such elements. Among the studied specimens, three tooth
morphotypes (after Marinho and Martinelli, 2013) could be identified, some teeth were
assigned to probable juvenile individuals, and one stands out as the largest titanosaur

tooth ever recorded worldwide.

2. Materials and Methods

The specimens described here come from a series of outcrops located in the Uberaba
region, Minas Gerais, Brazil (Fig. 1). CPPLIP-1166 and CPPLIP-1337 come from the
BR-050 Km 153 site (Uberabatitan site; Salgado and Carvalho, 2009); CPPLIP-1458 was
collected a few meters from the previous site, but at a lower level, at BR-050 Km 153.5

site (Martinelli and Teixeira, 2015) or Km 24 (sensu Bertini et al., 1993); CPPLIP-214
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comes from Price’s “Ponto 17 site (Campos and Kellner, 1999; Martinelli and Teixeira,
2015). The exposed sandstone layers in those localities correspond to the Maastrichtian
Serra da Galga Formation, Bauru Group (Fernandes and Ribeiro, 2015; Martinelli et al.,

2019; Soares et al., 2020, 2021).

Figure 1 around here.

All recorded teeth possess a “chisel-like” morphology (Calvo, 1994; Chure et al.,
2010; Mocho et al., 2017) typical of most titanosaurs, fitting the three morphotypes of
Marinho and Martinelli (2013), modified here as: (1) rounded transverse section, crown
apex tapers relative to the base, no mesial/distal carinae; (2) elliptical transverse section
due to strong labiolingual compression (higher CI’s and SI’s than other morphotypes),
slightly curved both mesiodistally and labiolingually, acute mesial/distal carinae, crown
apex tapers relative to the base; (3) slenderer crown (lower CI’s and SI” than morphotype
1) with rounded transverse section, no mesial/distal carinae. Teeth with double wear
facets are inferred to belong to the upper jaw, whereas those with single wear facets are

lower jaw teeth (Wilson et al., 2016).

Institutional abbreviations — CPPLIP, Centro de Pesquisas Paleontoldgicas
“Llewellyn Ivor Price”, Universidade Federal do Tridngulo Mineiro, Uberaba, Brazil,
MDT-PV, Museo Desiderio Torres-Paleovertebrados, Sarmiento, Chubut, Argentina;
MML-Pv, Museo Municipal de Lamarque, Coleccién de Paleovertebrados, Rio Negro,
Argentina; MZSP-PV, Museu de Zoologia da Universidade de Sao Paulo, Sdo Paulo,
Brazil; Z.PAL, Palaeobiological Institute of the Polish Academy of Sciences, Warsaw,

Polony.
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3. Results and discussion

Morphotype 1. CPPLIP-1166 (Fig. 2A). The tooth is poorly preserved, lacking most of
the enamel of the lingual surface and distal portion of the labial surface. The enamel is
strongly ornamented with ridges and grooves extending perpendicular to the main axis of
the crown. The apicobasal axis is gently curved labially. The transverse section is
subcircular from the base to the middle portion of the crown, whereas the apical region is
labiolingually compressed. Both mesial and distal facets are marked by weak carinae. The
tooth tapers mesiodistally towards the apex, which has a convex labial/lingual profile. A
single chisel-shaped apical wear facet occupies almost half of the crown, marked by

diagonal scratches.

Figure 2 around here.

Morphotype 2. CPPLIP-1458 (Fig. 2B). That tooth is poorly preserved, lacking
most of its root. The enamel is smooth, with parallel scratch marks. It has a subcircular
cross section, but is slightly labiolingually compressed towards its apex due to heavy
wearing. The apex tapers apically, forming an acute end. The lingual wear facet extends
along most of the tooth crown, creating a chisel-shaped profile, whereas the labial facet
is restricted to the most apical portion of the crown. Parallel scratch marks are visible on
the facets.

Morphotype 3. CPPLIP-214 (Fig. 2C). This specimen is also poorly preserved,
missing most of its root. The enamel is smooth, with few scratch marks extending parallel
to the main axis. The apicobasal axis is gently curved labially. The tooth is strongly

labiolingually compressed, with acute mesial and distal carinae. It tapers apically,
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creating an acute end. The wear facet is restricted to the most apical portion of the crown
on the lingual face, with barely visible parallel scratch marks.

Juvenile tooth. CPPLIP-1337 (Fig. 2D). This specimen is considered to have
belonged to a juvenile individual due to its small size and feeble wear marks. The tooth
lacks its root and the enamel is wrinkled as in CPPLIP-1166, but lacks deep perpendicular
grooves and scratch marks. It has a subcircular cross section, with the apicobasal axis
gently curved labially. CPPLIP-1337 possess wear facets on the lingual and labial

surfaces, both restricted to the apex of the crown and bearing shallow scratch marks.

Table 1 around here.

The Serra da Galga Formation teeth do not deviate from the general morphology
of titanosaur teeth and cannot be easily assigned to less inclusive taxa. Morphotype 2
seems to be the most common for the group, as seen in Bonitasaura salgadoi (Gallina
and Apesteguia, 2011), Pitenkusaurus macayai (Filippi and Garrido, 2008),
Maxakalisaurus topai (Kellner et al., 2006), and Tapuiasaurus macedoi (Wilson et al.,
2016). As for morphotypes 1 and 3, these are found together in the skull of

Nemegtosaurus mongoliensis (Wilson, 2005).

Differences on wear facets morphology and enamel microwear can indicate
feeding habits, niche partition, and even ontogenetic stages (Calvo, 1994; Fiorello, 1998;
Sereno et al., 2007). The wear facets of all studied teeth lack pits, suggesting that those
titanosaurs shared a similar diet with a minor content of grit or hard plants that could mark

those surfaces (Fiorillo, 1998; Garcia, 2013), contrasting with the preferences seen in
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most titanosaurs (Garcia and Cerda, 2010; Diez Diaz et al., 2013). It has been shown that
some sauropods could pass through a diet change during their ontogeny, based on the
differentiation of wear marks (Fiorillo, 1991, 1998). The absence of pits also in CPPLIP-

1337, however, suggests no noticeable niche partition compared with the adult specimens.

One of the specimens recovered from the Uberabatitan site, CPPLIP-1166,
represents the largest titanosaur tooth ever recorded. The apicobasal length of its crown
(6.2 cm) is mora than 10% higher than that of MML-Pv 1030 (Garcia, 2013), a tooth
unearthed from the Cretaceous Allen Formation (Patagonia, Argentina), that was hitherto
the largest known of such elements. Garcia (2013) pointed that all titanosaurs from that
stratigraphic unit were relatively small, e.g., Bonatitan reigi, Rocasaurus muniozi, and
Aeolosaurus sp. (Martinelli and Forasiepi, 2004; Salgado and Azpilicueta, 2000; Salgado
and Coria, 1993), so that the tooth must have belonged to a large-toothed or large-headed
individual. However, titanosaur remains/taxa known from coeval units are medium to
large sized (Powell, 2003; Zurriaguz et al., 2017; Aranciaga Rolando et al., 2022). Hence,
it is also possible that MML-Pv 1030 represents a larger individual of such taxa, or even

a form still unrecognized in the fossil assemblage of that Argentinean unit.

Three different scenarios can be considered to explain the large size of CPPLIP-
1166: it belonged to a species/specimen with either (1) a large overall body-size, or with
disproportionally large (2) head or (3) teeth. The second case seems implausible, because
a small head represents an important constrain in sauropod evolution, as one of the key
conditions that allowed the acquisition of long necks (Taylor and Wedel, 2013;
Preuschoft and Klein, 2013). As for the third scenario, titanosaurs with preserved skulls
show a variation of nearly 200% in the apicobasal crown length from the smallest to
largest teeth, as seem in Nemegtosaurus mongoliensis (3.4 cm x 4.6 cm; Z. PAL MgD-

1/9, Wilson et al., 2005), Tapuiasaurus macedoi (1.16 cm x 4.17 cm; MZSP-PV 807,
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Wilson et al., 2016), and Sarmientosaurus musacchioi (2.1 cm x 4.1 cm; MDT-PV 2,
Martinez et al., 2016). These are relatively small titanosaurs, with inferred body-lengths
of less than 15 m (Gonzélez Riga et al., 2022), as is also the case of most titanosaurs of
the Serra da Galga Formation (Silva Junior et al., 2019, 2022). Hence, the length of
CPPLIP-1166 clearly surpasses that expected for titanosaurs of the size more commonly
recorded in the Cretaceous of Brazil. Considering such size-constrain, CPPLIP-1166
would more likely represent a species/individual with disproportionally long teeth. Yet,
few specimens of Uberabatitan ribeiroi do surpass 20 m of estimated length (Silva Junior
et al., 2019), better fitting the size of CPPLIP-1166. Indeed, an estimate based on the
length of the largest tooth and the anteroposterior skull length of the three titanosaurs
mentioned above indicates that CPPLIP-1166 belonged to a skull at least 50% longer, i.e.,

about 65 to 70 cm long.

It is therefore feasible that CPPLIP-1166 belonged to either a long-toothed
species/individual of the size more commonly recorded for the Serra da Galga titanosaurs
or to a significantly larger animal, i.e., within the upper length range of Uberabatitan
ribeiroi (Silva Junior et al., 2019). Unfortunately, teeth are unknown or poorly preserved
for giant titanosaurs, such as Argentinosaurus huinculensis, Dreadnoughtus schrani, and
Patagotitan mayorum (Bonaparte and Coria, 1993; Lacovara et al., 2014; Carballido et
al., 2017). If that was the case, direct comparison of the length vs width of the crowns, as
well as of the number of teeth on the tooth-bearing elements, could be used more

comprehensively infer the size of the animal to which CPPLIP-1166 belonged.

Similar arguments could also indicate that CPPLIP-1337 belonged to a small-
bodied, -headed, -toothed titanosaur, but because it lacks deep scratch and wear marks, it
is instead considered here as a juvenile. Indeed, the shared anatomy, similar CI’s and SI’s

(0.88/0.81 and 4.77/4.05, respectively), and same provenance of CPPLIP-1166 and
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CPPLIP-1337 could indicate that both represent the same species, likely an adult and a

juvenile Uberabatitan ribeiroi.

4. Conclusions

The new data provided here allows complementing the knowledge about the titanosaur
fauna of the Serra da Galga Formation (Bauru Group), revealing a higher tooth
discrepancy than previously recorded, both in size and morphology. Also, the presence
of specimens ranging from juvenile to possible giant individuals reinforces this region as

an environment conducive to support such fauna.
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Figure 1. Map of the Bauru Basin detailing the Uberaba region (Minas Gerais State,
Brazil) with selected outcrops highlighted (modified from Silva Junior et al., 2022).
Abbreviations: AR, Argentina; BA, Bahia; BO, Bolivia; ES, Espirito Santo; GO, Goiais;

PA, Paraguay; RJ, Rio de Janeiro; SP, Sdo Paulo; UR, Uruguay.

Figure 2. Representative teeth of the different morphotypes from the Serra da Galga
Formation. A, CPPLIP-1166 in lingual and labial views, with wear facets and enamel
magnified; B, CPPLIP-1458 in lingual and labial views, with wear facets and enamel
magnified; C, CPPLIP-214 in lingual and labial views, with wear facets and enamel
magnified and D, juvenile teeth CPPLIP-1337 in lingual and labial views, with wear
facets and enamel magnified. All scale bars equal 10 mm for entire tooth and 2 mm for

magnified views.

Table 1. Measurements (cm) of titanosaur teeth from the Serra da Galga Formation.

Abbreviations: mmw: maximum mesiodistal width; mlw: maximum labiolingual width;
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Table 1. Measurements (mm) of titanosaur teeth from the Serra da Galga Formation.

Abbreviations: mmw: maximum mesiodistal width; mlw: maximum labiolingual width;

ppmw: preserved maximum mesiodistal width; CI: compression index (after Diez Diaz

et al., 2012); SI: slender index (after Upchurh, 1998).

Specimen Crown length pmmw mmw mlw CI SI
CPPLIP-214 2.87 3.41 0.85 0.56 0.65 3.2
CPPLIP-1166 6.2 7.32 1.34 1.18 0.88 4.77
CPPLIP-1337 2.39 2.39 0.59 0.48 0.81 4.05
CPPLIP-1458 4.38 4.7 0.6 0.76 1.26 7.3
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