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Abstract

The long-lost mammal fauna from Gravitelli (Messina, Sicily, Italy) represents one of the most important records for investigating
faunal dynamics during the Late Miocene of the Mediterranean, although it is unfortunately only known from descriptions carried
out in the early 1900s, as the original collection was lost during the Messina Earthquake of 1908. Gravitelli suids have been referred
to Propotamochoerus sp. after the redescription of the casts of two specimens that survived to the present day. However, there is further
material that has not been considered, which makes that of Gravitelli one of the most abundant samples of Late Miocene suids from
Italy, with a minimum number of four individuals represented. A reappraisal of all Gravitelli suids allows to ascribe them to Propota-

mochoerus provincialis (Suinae, Dicoryphochoerini), following a comparison with related Late Miocene to Pliocene species from Eurasia.
Moreover, the re-examination of the geological setting of the locality reveals that the mammal fauna of Gravitelli occurred well below the
pre-evaporitic deposits of the Tripoli Formation, whose base is dated in Sicily at �7 Ma. Therefore, Gravitelli fauna either dates to the
late Tortonian or, at most, to the earliest pre-evaporitic Messinian, corresponding to MN 11 or MN 12 in terms of mammal biochronol-
ogy. This implies that the occurrence of P. provincialis at Gravitelli is the earliest in Italy and that emerged land masses connected Sicily
with the European mainland earlier than 7 Ma. Available dates support a diachronous dispersal of Propotamochoerus in western Europe
during the Turolian, being first known from the Balkans �8.3 Ma, then from Gravitelli prior to 7 Ma, and then from the Iberian Penin-
sula since �6.2 Ma. A similar pattern is known for Mesopithecus (Cercopithecidae). Although often discussed in light of its potential
significance for Afro-Eurasian dispersals, only a fraction of the mammal fauna of Gravitelli has been reconsidered systematically.
Notwithstanding the necessity of such dedicated studies, the faunal elements identified so far have an almost entirely European character
and no species is shared with Cessaniti (Calabria), despite the two faunas have often been considered part of a paleobioprovince doc-
umenting a connection between southern Italy and northern Africa. At Gravitelli, the only species of African origin is the endemic hippo
Hexaprotodon? siculus, but the extensive fossil record of insular hippopotamids testifies to their ability to colonize islands even in the
absence of land bridges. Gravitelli hippos are nonetheless noteworthy, as the revised age of the site implies that they represent the earliest
hippopotamids known outside Africa.
� 2023 Elsevier B.V. and Nanjing Institute of Geology and Palaeontology, CAS. All rights reserved.
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1. Introduction

On December 28, 1908, early in the morning, a catas-
trophic earthquake shook the cities of Messina and Reggio
Calabria, located on the facing shores of the Strait of Mes-
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sina, which separates Sicily from the Italian mainland. The
earthquake, with its epicenter in the Strait, was one of the
most destructive and deadly ever (Mercalli, 1909; Platania,
1909; Pino et al., 2009). Alongside the immeasurable
human tragedy, the event also caused a substantial loss
of cultural heritage, including the paleontological collec-
tions recovered from the Late Miocene of Gravitelli, at
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the time stored in the ‘‘Museo Geologico Provinciale di
Messina”. In the following decades, the city of Messina
was rebuilt, and the urbanization reached the area of Grav-
itelli, around 2–3 km west of the modern city center, pre-
cluding direct investigations on the original outcrops
(Marra, 2019).

Luckily, most of the mammal remains of Gravitelli were
at least described and figured by Seguenza (1902, 1907),
allowing some considerations on this important record in
subsequent studies (e.g., Hooijer, 1946; Thomas et al.,
1982; Marra, 2019). Gallai and Rook (2006) restudied
two specimens of the material originally considered by
Seguenza (1902), thanks to the rediscovery of their casts
in the collections of the Natural History Museum of the
University of Florence (Italy). These casts belong to a suid,
which Gallai and Rook (2006) assigned to Propotamo-

choerus sp., further suggesting similarities with P. provin-
cialis (Blainville, 1847) and P. hysudricus (Stehlin, 1899).

Propotamochoerus Pilgrim, 1925 is a genus of suine that
was widespread during the Late Miocene, recorded from
several localities across Eurasia, from the Iberian Peninsula
to China (Pilgrim, 1926; Hünermann, 1968; Schmidt-
Kittler, 1971; Pickford, 1988, 2013; Van der Made and
Moyà-Solà, 1989; Van der Made and Han, 1994;
Fortelius et al., 1996; Van der Made et al., 1999; Geraads
et al., 2008; Sein et al., 2009; Hou et al., 2019; Iannucci
et al., 2021a; Iannucci and Begun, 2022).

Despite this extensive geographic range, the Italian
occurrences of the taxon are limited to few localities, which
apart from Gravitelli, include Baccinello V3, Brisighella
(Monticino Quarry), Casino, Gretoni (Velona Basin), and
Verduno. Of this list, only the remains recovered from
the Casino Basin and Brisighella have been the subject of
dedicated studies focused on suids (Gallai and Rook,
2011; Iannucci et al., 2021a). A portion of the material
from the Velona Basin has been briefly described by
Rook and Ghetti (1997) within an overview of the mammal
fossils recovered from the area. The suid sample from Bac-
cinello V3 was partly considered in a PhD thesis (Gallai,
2006) and often taken into account in comparative studies
and discussions (Van der Made and Moyà-Solà, 1989;
Fortelius et al., 1996; Van der Made, 1999; Iannucci
et al., 2021a), although never properly published. As for
Verduno, it is only known in the literature from a commu-
nication at a conference (Sorbelli et al., 2019).

Although Propotamochoerus is present in Europe since
at least the early Vallesian (MN 9) — few putative earlier
records are listed in previous studies (Iannucci and
Begun, 2022), but they deserve revision, as it has been
argued that pre-Vallesian material (e.g., Alba et al., 2006)
pertains to a large tetraconodont (Pickford, 2016) — all
localities of the previous list are considered Messinian in
age and referred to MN 13. Indeed, Italian faunas correla-
tive of the Vallesian and early Turolian of mainland Eur-
ope were characterized by a high degree of endemism
documenting the existence of separated paleobioprovinces,
as the emergent land masses that would eventually
constitute Italy were still far from taking the shape of the
modern Peninsula (Rögl, 2001; Rook et al., 2006;
Carminati et al., 2010). The suid Propotamochoerus was
apparently not amongst the taxa that colonized this patchy
landscape, but part of the non-endemic contingent that dis-
persed in Italy once the connection to the rest of Europe
was established.

Like the other Late Miocene Italian faunas with
Propotamochoerus, Gravitelli has usually been considered
Messinian in age and referred to MN 13 (Rook et al.,
2006; Van der Made et al., 2006), but older correlations
have also been proposed (Ferretti, 2008; Masini et al.,
2008). The latter are more in line with the geological setting
of Gravitelli deposits (see Section 2), but in any case, few
mammal remains have been revised systematically, limiting
biochronological considerations.

Gallai and Rook (2006) offered an important contribu-
tion to the study of the fossil record of Gravitelli, providing
direct evidence (even if from casts) of its lost mammalian
fauna. However, they neither critically revised further
material discussed by Seguenza (1902) that belong to a suid
as well, nor mentioned the more abundant sample
described in the following work of the same author
(Seguenza, 1907). This precluded a more precise attribution
of Gravitelli suids and led some authors to base their com-
parisons and considerations only on the two redescribed
specimens (e.g., Pickford, 2013; Lazaridis et al., 2022).

The suid material from Gravitelli described by Seguenza
(1902, 1907) is not extensive, but it nonetheless represents
one of the most abundant Late Miocene samples from
Italy, as well as the earliest occurrence of Propotamo-

choerus in the country. More importantly, Gravitelli, owing
to its geographic position and chronology, offers a unique
glimpse into the potential connections in the Mediter-
ranean area before and during the Messinian Salinity Cri-
sis. Here, Gravitelli suids are fully re-described, compared
with related Late Miocene to Pliocene species from Eura-
sia, and discussed in light of their biochronological and
paleobiogeographical significance.

2. Geological setting and historical background

Sicily is the southernmost region of Italy and the largest
island of the Mediterranean Sea (Fig. 1). It is separated
from the Italian Peninsula by the Strait of Messina, an
extensional syn-tectonic basin that opened during the Pleis-
tocene, around 0.8–0.6 Ma (Monaco et al., 1996; Di
Stefano and Longhitano, 2009; Barreca et al., 2021). The
city of Messina is located on the shore, facing the Strait
from the Sicilian side. This area, unlike the rest of Sicily,
is a part of the Appenninic-Maghrebian orogen known as
the Calabrian-Peloritan Arc (also Siculo-Calabrian or sim-
ply Calabrian), a tectonically unstable area between the
southern Apennines and the Sicilian Maghrebides
(Carbone et al., 2007).

The geological setting of the fossil locality is unusually
clear for an historical sample whose original outcrops were



Fig. 1. Outline of Italy with emphasis on Sicily and geographic location of the Late Miocene vertebrate locality of Gravitelli (Messina).
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obliterated. Indeed, the area of Gravitelli has been exten-
sively investigated during the nineteenth and early twenti-
eth centuries, having played a crucial role for the
development of research on the Miocene and especially
Pliocene succession and correlations in the Mediterranean
area (Vai, 1997; Van Couvering et al., 2000). It is mainly
on the base of considerations on the strata exposed at
Gravitelli that G. Seguenza (1868) introduced the Zanclean
Stage for the lower part of the Pliocene (Zanclea being the
Greek name of Messina).

The first mention of suid remains recovered from Grav-
itelli is in G. Seguenza (1862), where the author reported a
succinct faunal list, including Sus choeroides Pomel [=
Eumaiochoerus etruscus (Michelotti, 1861)], as recovered
from clays close to a lignite formation generically referred
to the Miocene. Subsequently, G. Seguenza (1868), while
establishing the Zanclean, described this Stage as overlain
the clays with a typical Late Miocene fauna, listing again
the occurrence of suids. Moreover, in the same work the
author also specified the presence of marine clays between
the lacustrine layers with mammals and the overlain Zan-
clean deposits. Further detailed considerations are pro-
vided by G. Seguenza (1873a, 1873b), who thoroughly
described the outcrops then exposed at Gravitelli. Several
other sporadic mentions of Gravitelli suids appeared in
those years, mainly relying on these previous reports (see
L. Seguenza, 1902, and references therein). The mam-
malian fauna was eventually described by L. Seguenza
(1902, 1907), who continued his father’s work on Sicilian
geology and expanded the paleontological collections.

Gravitelli suids, alongside the other mammal remains,
traces of fishes and plants (referred to as Acer trilobatum
and Eucalyptus oceanica by L. Seguenza, 1902), and poten-
tially two species of chelonians — all undescribed except
mammals — were recovered from lacustrine clays and
sands placed well below the Messinian Gessoso-Solfifera
Formation, quintessential manifestation of the Messinian
Salinity Crisis (Hsü et al., 1973a, 1973b), and the preceding
pre-evaporitic deposits known as ‘‘Tripoli”. The latter are
constituted by cyclically bedded diatomites that occur
across the Mediterranean (Blanc-Valleron et al., 2002).
The deposition of the Tripoli Formation is diachronous
throughout the Mediterranean, but in Sicily its base was
dated by Hilgen and Krijgsman (1999) at 7.01 Ma, and
by Blanc-Valleron et al. (2002) at 6.96 Ma, using the astro-
nomical tuning of individual cycles and cyclostratigraphy
(the slightly divergent results being due to a different inter-
pretation of the lowermost layers of the formation). There-
fore, the mammal fossils of Gravitelli are constrained to be
at least older than 7 Ma.
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Moreover, the terrestrial mammals did not occur imme-
diately below the Tripoli Formation but further beneath
alternating layers of clays, marls, and sands, and marine
clays from which L. Seguenza (1902) reported the presence
of shark teeth and the whale Heterocetus. Unfortunately,
these specimens were never properly described. The occur-
rence of Heterocetus — which is also considered today a
nomen dubium (Steeman, 2010) — was tentatively suggested
by Capellini (1877) based on few vertebral fragments. As
for the sharks, L. Seguenza (1900, pl. 6, fig. 29) figured only
one tooth of Oxyrhina spallanzani (= Isurus oxyrhincus),
which is a species that does not help in refining the chronol-
ogy of the deposits.

More detailed biostratigraphic analyses were planned by
L. Seguenza (1908) but sadly debarred by his premature
death during the Messina Earthquake of 1908. Nonethe-
less, considering the stratigraphic position of the mammal
fauna reported by L. Seguenza (1902, 1907) a late Torto-
nian age, rather than earliest Messinian, seems the most
likely. In terms of mammal biochronology, faunas of this
age correspond to MN 11 or MN 12.

3. Materials and methods

3.1. The material from Gravitelli

Gravitelli suids are long lost, but Seguenza (1902, 1907)
provided measurements, figures, and descriptions that
allow thorough morphological and morphometric compar-
isons. The material consists of twelve specimens, including
upper and lower teeth as well as two postcranial bones. The
complete list is provided in Table 1.

Seguenza (1902, 1907) did not provide catalogue or
identification numbers for Gravitelli specimens, therefore,
to assure unambiguous indication throughout the text
and for future reference, I denote them with the suffix
Grav- (for Gravitelli), followed by the year of Seguenza’s
publication in which each specimen is figured (1902 or
1907), the number of the plate in Roman numbers (as
appears in the original publications), and finally the num-
ber of the first figure in which the specimen is depicted
Table 1
List of the material of Propotamochoerus provincialis (Blainville, 1847) from th
and reference to the original depiction in Seguenza (1902, 1907), when applica

Specimen Anatomical element

Grav-1902.VI.12 Maxillary fragment with r
Grav-1902.VI.14 Right M3
Grav-1902.VI.17 Fragmentary left distal tib
Grav-1902.VI.20 Left astragalus
Grav-1907.V.37 Mandible fragment with l
Grav-1907.V.39 Left i1 with fragmented ro
Grav-1907.V.41 Left? i2 with fragmented c
Grav-1907.V.43 Left M3 and associated d
Grav-1907.V.45 Mandible fragment with r
Grav-1907.V.47 Right p4
Grav-1907.102.1. Left m2
Grav-1907.102.2. Left p4
for the first time. For instance, the M3 figured by
Seguenza (1902, pl. 6, figs. 14–16) is labelled Grav-1902.
VI.14, the right p4 figured by Seguenza (1907, pl. 5, figs.
47, 48) is labelled Grav-1907.V.47, and so on. A few spec-
imens were not figured by Seguenza (1907), and it is neces-
sary to consider them as well. In these cases, a similar
approach is followed, but referring to the page of the main
text where each specimen is first mentioned, in the sections
dedicated to systematic paleontology, further adding a
sequential number to deal with multiple citations from
the same page. For instance, the left p4 first mentioned
on page 102 by Seguenza (1907), which is the second
non-figured specimen listed on that page, is named Grav-
1907.102.2. This approach could be easily expanded to
incorporate further remains described by Seguenza (1902,
1907).

Seguenza (1902, p. 161) concluded the discussion on
suids mentioning that while that work was in press, he
obtained further material from Gravitelli, namely a second
and a third molar. I presumed this refers to the associated
M3 and fragmented M2 Grav-1907.V.43, of which he later
figured only the M3 (Seguenza, 1907), and not to further
undescribed material.

There exist two casts of suid specimens from Gravitelli,
curated in IGF (see below for abbreviations), which were
the subject of a short note by Gallai and Rook (2006).
Since measurements collected on casts might differ from
those taken on the original material, they are compared
in Table 2. There is good agreement between values
reported in the two works (differences being less than 1
mm for all but one measurement), acknowledging potential
variation due to slightly different measuring protocols fol-
lowed, and the approximation used. This comparison indi-
rectly supports the reliability of other measurements taken
by Seguenza (1902, 1907). In the following, the original
measurements are used for comparative purposes (Tables
2, 3).

Seguenza (1902, 1907) collected linear measurements for
most, but not all specimens, namely, not for Grav-1907.
V.37, which was a well-preserved mandible fragment with
part of the deciduous dentition. To include this specimen
e Late Miocene of Gravitelli (Sicily, Italy), with anatomical identification
ble.

Figure

ight P4-M1 12, 13
14–16

ia 17–19
20

eft dp3-dp4 and dp2 alveoli 37, 38
ot 39, 40
rown 41, 42
istal fragment of M2 43, 44
ight m1-m2 and fragmented m3 45, 46

47, 48
No
No



Table 2
Propotamochoerus provincialis (Blainville, 1847) from the Late Miocene of Gravitelli (Sicily, Italy). Comparable measurements of the teeth (in mm) taken
by Seguenza (1902) on the original material and Gallai and Rook (2006) on the respective casts. L = length, Wm = mesial/first lobe width, Wd = distal/
second lobe width, Hmb = height of the crown at the first buccal cusp, Hdb = height of the crown at the second buccal cusp. Note: 1 The authors reported
to have taken these measurements transversally to cusps pairs, but there is only one main lingual cusp in P4 (protocone), and hence only one (largest)
width measurement is customarily collected for this tooth. Seguenza (1902) also measured the largest width of P4 = 16.5 mm.

Reference Specimen Side Tooth L Wm Wd Hmb Hdb

Seguenza (1902) Grav-1902.VI.12 Right P4 14 161

Right M1 19 15.5 15.5 6 6
Grav-1902.VI.14 Right M3 32 22 21 10 10

Gallai and Rook (2006) IGF 9261V (cast) Right P4 13.88 16.021 15.121

Right M1 18.18 15.93 15.45 6.2 6.3
IGF 9262V (cast) Right M3 30.45 22.79 20 10.21 9.63

Table 3
Propotamochoerus provincialis (Blainville, 1847) from the Late Miocene of
Gravitelli (Sicily, Italy). Measurements of the teeth (in mm) taken by
Seguenza (1907). ‘‘-” denotes measurements not taken by the author,
either due to imperfect preservation status or simply not taken. L =
length, Wm = mesial/first lobe width, Wd = distal/second lobe width.
Note: 1 This value should be considered an approximation, as the tooth
appears fragmented mesially.

Specimen Side Tooth L Wm Wd

Grav-1907.V.43 Left M3 35 24.5 20.5
Left M2 - - 20.5

Grav-1907.V.45 Right m1 16.51 - 13.5
Right m2 23 16.5 16.5
Right m3 - 19 -

Grav-1907.V.47 Right p4 18 - 13

Table 4
Propotamochoerus provincialis (Blainville, 1847) from the Late Miocene of
Gravitelli (Sicily, Italy). Estimated measurements of the teeth (in mm) of
Grav-1907.V.37 based on Seguenza (1907, pl. 5). L = length, Wm =
mesial/first lobe width, Wd = distal/second lobe width, Wt = third lobe
width, HM = height of mandible mesial to tooth. Judging from the
training set (Table S1), true values should have been between “mean” and
“min” estimates. Note: 1 This measurement is taken in front of where m1
would be present, if preserved in the mandible, i.e., distal to dp4.

Measurement
mean

Estimates
min max

dp3 L 12.6 11.2 14
dp3 Wm 5.7 4.3 7.1
dp3 Wd 7.9 6.5 9.3
dp4 L 23.5 22.1 24.9
dp4 Wm 9.2 7.8 10.6
dp4 Wd 10 8.6 11.4
dp4 Wt 11.5 10.1 12.9
L dp2-dp4 41.9 40.5 43.3
L dp3-dp4 32.3 30.9 33.7
HMdp3 23.1 21.7 24.5
HMdp4 23.7 23.3 25.1
HMm11 22.2 20.8 23.6
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in the morphometric comparison, measurements are taken
from the original plate with the software ImageJ, version
1.6 (Schneider et al., 2012). Seguenza (1907) reported to
have figured most specimens at natural size and Grav-
1907.V.37 at twice of natural size. However, as noted by
Hooijer (1946), the scaling of Seguenza’s plates is not per-
fect. Therefore, I evaluated the extent of the differences
between values reported in the text (Table 3) and as they
appear in the plate, comparing the error range between
couples of measurements. The largest difference obtained
is between M3 L values estimated from the buccal and
occlusal views of Grav-1907.V.43, corresponding to 2.8
mm. This value is considered the range within which true
measurements would have fall. Resulting estimates for
Grav-1907.V.37 are provided in Table 4. To validate the
procedure, measurements collected by Seguenza (1907) on
the original material were compared with their values esti-
mated from the plate (Table S1).

3.2. Repositories and institutional abbreviations

Apart from data and considerations available from pre-
vious studies as detailed below, the suid sample from Grav-
itelli has been compared, by direct examination, with
specimens stored in the following institutions:
AFS: Museum of Natural History, Accademia dei Fisio-
critici, Siena (Italy)
HNHM: Hungarian Natural History Museum, Budapest
(Hungary)
IGF: Natural History Museum of the University of Flor-
ence, section of Geology and Paleontology (Italy)
IsIPU: Italian Institute of Human Paleontology, Anagni
(Italy)
MBFSZ: Geological Museum of the Mining and Geologi-
cal Survey of Hungary, Budapest
MNCN: National Museum of Natural Sciences, Madrid
(Spain)
MUST: University Museum of Earth Sciences (including
the former MPUR: Museum of Paleontology), Department
of Earth Sciences, Sapienza University of Rome (Italy)
NMB: Natural History Museum, Basel (Switzerland)
NHMMZ: Mainz Natural History Museum/State Collec-
tion of Natural History of Rhineland-Palatinate
(Germany)
3.3. Comparison

Gravitelli suids are compared with related Late Miocene
to Pliocene species from Eurasia, including Propotamo-

choerus wui Van der Made and Han, 1994, P. hyotherioides
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(Schlosser, 1903), P. hysudricus (Stehlin, 1899), P. palaeo-
choerus (Kaup, 1833), P. provincialis (Blainville, 1847),
and Sus arvernensis (Croizet and Jobert, 1828). Univariate,
bivariate, and multivariate comparisons of linear measure-
ments are carried out. Measurements of the comparative
material rely on published information or derive from
direct examination in several institutions (see Section 3.2).
For P. wui, measurements are from Van der Made and
Han (1994). For P. hyotherioides, measurements are from
Schlosser (1903), Pearson (1928), Van der Made and Han
(1994), and Hou et al. (2019). For P. hysudricus, measure-
ments are from Pickford (1988), Sein et al. (2009), Khan
et al. (2010), Batool et al. (2015), Sarwar et al. (2016),
Aslam et al. (2021), and direct examination in NMB. For
P. palaeochoerus, measurements are from Mottl (1966),
Hünermann (1968), Hellmund (1995), Van der Made
et al. (1999), Fortelius et al. (2005), Iannucci and Begun
(2022), and direct examination in MBFSZ, NHMMZ,
and NMB. For P. provincialis, measurements are from
Thenius (1950), Geraads et al. (2008), Gallai and Rook
(2011), Pickford (2013), Lazaridis (2015), Iannucci et al.
(2021a), and direct examination in AFS, IGF, MNCN,
and NMB. For S. arvernensis, measurements are from
Dal Piaz (1930), Hünermann (1971), Samson et al.
(1971), Mazo and Torres (1990), Montoya et al. (2006),
Guérin and Tsoukala (2013), Pickford and Obada (2016),
Iannucci et al. (2022a), and direct examination in AFS
and NMB.

The recently formally named Propotamochoerus aegaeus

Lazaridis, Tsoukala, and Kostopoulos, 2022, previously
introduced in a PhD thesis (but in this instance a nomen

nudum) by Lazaridis (2015), is treated within P. provin-

cialis, following Iannucci et al. (2021a). Notwithstanding
the possibility that early Turolian remains of Propotamo-

choerus represent a different species than P. provincialis,
the differential diagnosis proposed by Lazaridis et al.
(2022) lists morphological traits that cannot be checked
on the material apparently included within P. provincialis
by the same authors, and morphometric differences that
are too subtle to warrant species distinction. Adopting P.
aegaeus and its differential diagnosis from P. provincialis
as valid would result in leaving most Turolian samples as
Propotamochoerus sp.

Propotamochoerus hysudricus, which is regarded as the
type species of the genus (Pickford, 1988), also represents
a problematic case. The most abundant material assigned
to the species originates from the Siwaliks of northern Pak-
istan. Barry et al. (2002) inferred first and last appearance
of P. hysudricus from some controlled occurrences, result-
ing in a chronological range of 10.2–6.5 Ma. Moreover,
for most of the extensive historical material collected from
the Siwaliks detailed information on the provenance is
either not available or limited to toponyms or formation
names that give only vague constraints. In particular, spec-
imens simply labelled as from Dhok Pathan are potentially
as younger as the upper boundary of the Dhok Pathan
Formation (�3.5 Ma). Basically, remains assigned to P.
hysudricus spans a considerable amount of time, compara-
ble to the combined chronological range of three-four
European species, and very likely represents a heteroge-
neous sample that needs to be revised. Following common
practice (e.g., Sein et al., 2009), P. hysudricus is nonetheless
treated as a single distinct and valid species for the pur-
poses of this paper.

Synonymy between genera follows Iannucci et al.
(2021a).

In the morphological description, the dental nomencla-
ture proposed by Van der Made (1996) is used, but some
abbreviations differ as detailed below. Tooth type and posi-
tion are abbreviated by combining their initial letter with a
sequential number, using uppercase for upper teeth and
lowercase for lower teeth. A lowercase ‘‘d” is added before
deciduous teeth (i.e., M3 = upper third molar; dp4 = lower
fourth deciduous premolar).
Measurements abbreviations: L: length; W: width (-m:
mesial; -d: distal/second lobe; -t: third lobe); Hmb: height
of the crown at the first buccal cusp; Hdb: height of the
crown at the second buccal cusp; HM(x): height of
mandibular corpus (measured on the buccal side in front
of ‘‘x” tooth). Tooth rows lengths are measured at the alve-
oli on the buccal side, and they are inclusive of the indi-
cated teeth (e.g., L dp2-dp4 = length of deciduous
premolar row).

3.4. Statistical analysis

A principal component analysis (PCA) on the variance-
covariance matrix of p4 L, p4 W, m1 W, m2 L, m2 W, and
m3 W was carried out. Selected variables are those reliably
taken on the p4-m3 series formed by Grav-1907.V.45 and
Grav-1907.V.47, which according to Seguenza (1907)
belonged to the same individual. Species incorporated in
the PCA are the same considered in the rest of the compar-
ison, but here only specimens for which the entire set of
measurements is available are included. In other terms,
missing data are not allowed, as their imputation for a rel-
atively small dataset such as this might fabricate substan-
tially biased observations. Two hemimandibles from
Grytsiv (Van der Made, 1999, pl. 1) have very similar mor-
phology and measurements, and hence they could have
been part of the same individual. They are treated in the
PCA as a single specimen, using the mean of the values
provided by Van der Made et al. (1999). The mean values
of the sample from Vozarci (‘‘Vozarci-mean” in Geraads
et al., 2008) are also considered a single entry. A total of
34 specimens was included in the PCA (P. wui, n = 3; P.
hyotherioides, n = 1; P. hysudricus, n = 9; P. palaeochoerus,
n = 9; P. provincialis, n = 8; S. arvernensis, n = 3; Gravi-
telli, n = 1). Raw measurements were log-transformed or
divided by the geometric mean (gm-) of the measurements
of each specimen. The two datasets obtained were used to
compute two different PCAs, referred to as logPCA and
gmPCA in the text. LogPCA was focused on dental mea-
surements (hence reflecting both size and dental propor-
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tions) and gmPCA on dental shape ratios (without correct-
ing for allometry). The software PAST, version 4.04
(Hammer et al., 2001), was used for the analysis.

Log-transforming linear measurements before these
kinds of analyses is a common practice that offers several
advantages, although should not be used carelessly
(Jungers et al., 1995; Feng et al., 2014). On the other hand,
there are countless ‘‘size-adjusting”methods (Jungers et al.,
1995). Dividing values of each specimen by the geometric
mean of all measurements for that specimen, is the simplest
(i.e., requiring less steps) correction among ‘‘Mosimann
shape ratios”, and it effectively produces dimensionless
variables (Mosimann, 1970; Mosimann and James, 1979;
Jungers et al., 1995). This approach was first adopted for
fossil suids by Iannucci et al. (2021a) and using Mosimann
shape ratios is widespread in studies focused on other
mammal groups in the fossil record (e.g., Alba et al.,
2014; Ercoli et al., 2019; Iannucci et al., 2021b).
Fig. 2. Extract of Seguenza (1902, pl. 6), modified to emphasize suid remain
1847). Grav-1902.VI.12: maxillary fragment with right P4-M1 in buccal (12) an
and buccal (16) views; Grav-1902.VI.17: fragmentary left distal tibia in anterior
in anterior view (20). According to Seguenza (1902), the latter two specimens
4. Systematic paleontology

Order Artiodactyla Owen, 1848
Family Suidae Gray, 1821
Subfamily Suinae Gray, 1821
Tribe Dicoryphochoerini Schmidt-Kittler, 1971
Genus Propotamochoerus Pilgrim, 1925

Propotamochoerus provincialis (Blainville, 1847)
(Figs. 2, 3)

Referred material from Gravitelli: The complete list of the
material is provided in Table 1. Most specimens were illus-
trated by Seguenza (1902, 1907) and are all refigured herein,
presenting an extract of the original plates (Figs. 2, 3).
Description: Grav-1902.VI.12 is a maxillary fragment with
right P4-M1 that preserves a small portion of the bone
s, which are assigned herein to Propotamochoerus provincialis (Blainville,
d occlusal (13) views; Grav-1902.VI.14: right M3 in stereo occlusal (14, 15)
(17), posterior (18), and distal (19) views; Grav-1902.VI.20: left astragalus
were found articulated and hence belonged to the same individual.



476 A. Iannucci / Palaeoworld 33 (2024) 469–491
hosting the roots of the teeth, three beneath P4 and four
below M1. In Seguenza (1902, pl. 5, fig. 13) the anatomical
orientation of the fragment is not perfect, but this is one of
the specimens of which a cast is still curated in IGF (Gallai
and Rook, 2006, fig. 1). P4 has a trapezoidal shape in
occlusal view. The tooth is wider than longer, shorter (me-
siodistally) on the lingual side than on the buccal. It hosts
three main cusps of comparable size, two buccal (paracone
and metacone) and one lingual (protocone), the paracone
perhaps being slightly larger. The buccal cusps are higher
than the protocone. The deepest point of the tooth is close
to its middle point. Apart from this, there does not seem to
be a pronounced valley between the main cusps, or in other
terms the protofossa appears filled and the main cusps con-
nected, without sharp interruptions. The lingual side of the
tooth, hosting the protocone, is somewhat tilted mesially,
and as a result the mesial cingulum is slightly concave.

M1 has a rectangular outline in occlusal view, being
longer than wider. The molar has two lobes with two cusps
each. In each pair, the buccal cusp is more mesially located,
and it is higher on the occlusal plane. The mesial and distal
cingula approximately develop in parallel. The notch
between the lobes is similarly pronounced on both sides,
hosting a faint tubercle on the buccal side. Slightly on the
rear relative to the axis connecting the notches, close to
the middle of the tooth in occlusal view, there is a large
tetrapreconule.

According to Seguenza (1907), a distal fragment of M2
was associated with Grav-1907.V.43. Unfortunately, he
chose not to figure it. He described it as preserving part
of the two distal cusps and a marked distal cingulum but
lacking the roots and being too much worn for allowing
detailed morphological considerations.

The only upper tooth position that remains to describe is
M3, which is represented at Gravitelli by two specimens, one
right (Grav-1902.VI.14) and one left (Grav-1907.V.43). The
tooth replicates the basic pattern ofM1, but it has a third dis-
tal lobe, it is more asymmetric relative to the mesiodistal
axis, the mesial lobe is clearly the largest, and cingula and
accessory cusplets are more pronounced. The occlusal out-
line of the tooth is roughly triangular, with the buccal side
longer than the lingual. In detail, however, only part of the
mesial side is straight to slightly concave, at the point of con-
tact withM2, while the rest of the contour is interrupted by a
series of marked notches between the lobes on the lateral
sides, and it is rounded at the mesial and distal ends. The
mesial cingula are pronounced and host a protopreconule.
A distinct tetrapreconule is present between the two first
lobes. The third lobe is constituted by a single prominent
cusp, a pentacone, and a series of small tubercles (two-
three detectable) on the buccal side. Grav-1902.VI.14 is
more worn than Grav-1907.V.43 and its mesial end is placed
more buccally. In Grav-1907.V.43, there is a particularly
marked accessory cusplet on the lingual side of the tetracone,
which is apparently separated from it.

Grav-1907.V.37 is a mandible fragment bearing left dp3-
dp4 and the alveoli of dp2. A small diastema separates dp2
and dp3. All teeth are implanted close to lingual side of the
corpus, which maintains an approximately constant height
in the preserved portion. No foramina are present in the
preserved portion of the mandibular corpus.

Of the two preserved deciduous teeth, dp3 is markedly
the smallest. The tooth has a piriform shape in occlusal
view, the distal lobe being larger than the mesial, especially
on the buccal side. A slight concavity is present distally at
the point of contact with dp4. One main cuspid (proto-
conid) develops roughly in the middle of the tooth. The
mesiodistal ridge hosting the protoconid virtually divides
the tooth into two halves, whose morphology differ. The
lingual side has a roughly plain appearance, while a
cingulum-like development is present on the buccal side.

The other preserved deciduous premolar, dp4, is a tri-
lobed tooth. Among these lobes, unlike those of M3/m3,
the widest is the distal and the narrowest is the mesial.
The notches between the lobes are more pronounced on
the buccal side. Each lobe hosts a pair of main cuspids, like
in the permanent molars, but seemingly with a different
enamel pattern. Basically, the cuspids are closer to each
other, and hence they mainly develop mesiodistally. This
is especially true in the mesial lobe, where an accessory
mesial cuspulid seems also present medially, but not at
the notch between the first and second lobes. The latter
has apparently four cuspids arranged in a cross. In the dis-
tal lobe, the cuspids replicate the arrangement seen in the
second lobe, but here they are larger and more clearly sep-
arated. The distal accessory cuspulid projects distally. A
series of five-six tubercles is observable on its distobuccal
side. Seguenza (1907) also described the roots of dp4,
which were presumably exposed on the ventral side of the
mandible (which he did not figure), as being five, three of
which developing below the buccal cuspids, and two
beneath the second and third lobes of the tooth on the lin-
gual side, the former subdivided into two parts projecting
mesially and distally.

According to Seguenza (1907), the remains of the lower
permanent dentition were recovered in close proximity to
each other and belonged to a single individual. The most
complete fragment is Grav-1907.V.45, bearing a small por-
tion of the corpus with right m1-m3. However, both m1
and m3 are fragmented. In m1, only a portion of the
mesiobuccal side is missing, while m3 preserves only the
mesial lobe. The molar row is also extremely worn and thus
poorly informative of the original morphology. All pre-
served mesial and distal sides of the teeth are practically
straight, which gives to m2 a rectangular shape in occlusal
view. The preserved portion of the first lobes of m2 and m3
is seemingly more developed on the lingual side. Seguenza
(1907) did not figure the left m2 (Grav-1907.102.1.) but
described it as perfectly equivalent in size and morphology
to the right m2.

Similarly pronounced wear is observable on the right p4
Grav-1907.V.47, not allowing to discriminate how many
cuspids were originally present on the crown. The tooth
appears as a conical structure dominated by a massive



Fig. 3. Extract of Seguenza (1907, pl. 5), modified to emphasize suid remains, which are assigned herein to Propotamochoerus provincialis (Blainville,
1847). Grav-1907.V.37: mandible fragment with left dp3-dp4 in buccal (37) and occlusal (38) views; Grav-1907.V.39: left i1 in mesial (39) and buccal (40)
views; Grav-1907.V.41: left? i2 in mesial or distal (41) and buccal (42) views; Grav-1907.V.43: left M3 in buccal (43) and occlusal (44) views; Grav-1907.
V.45: mandible fragment with right m1-m3 in lingual (45) and occlusal (46) views; Grav-1907.V.47: right p4 in lingual (47) and occlusal (48) views. Grav-
1907.V.37 is figured at twice the size of the other specimens.
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central ‘‘cuspid” (actually resulting from the merging of
metaconid and protoconid), which due to the wear is con-
nected to the distal portion of the crown. The latter area is
lower on the occlusal plane and inclined distally. A ridge is
present on the mesial side of the tooth, connecting the main
cone with a cingulum. The left antimere of p4 (Grav-
1907.102.2.) was not figured by Seguenza (1907) but
described as perfectly equivalent in size and morphology
to the right p4.

Lower incisors are represented by two specimens, docu-
menting i1 and i2 tooth loci. Grav-1907.V.39 is a left i1.
The root is fragmented, and the crown is preserved but
unfortunately only figured in mesial and buccal views.
The specimen displays a pronounced wear, having almost
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reached the cementoenamel junction (cervix) on the mesial
side. A faint longitudinal groove is discernible on the same
side.

Seguenza (1907) assigned Grav-1907.V.41 to a left i2.
The attribution to i2 is substantiated by the curvature of
the root, more pronounced than that of i1. The side of
the tooth is less certain judging from the original plate, also
considering that the tip of the tooth is missing. Nonethe-
less, in buccal view the cementoenamel junction is appar-
ently detectable and placed markedly mesially, which
would confirm Seguenza’s interpretation.

Apart from the dentognathic specimens, two postcranial
bones also belong to a suid, and actually to the same indi-
vidual, since according to Seguenza (1902) they were recov-
ered in anatomical connection. These are a left fragmentary
distal tibia (Grav-1902.VI.17) and an astragalus (Grav-
1902.VI.20) that were originally assigned to Tragocerus

sp. by Seguenza (1902). The tibia is apparently fragmented
along the anterior margin of the articular surface and at the
level of the medial malleolus, but the outline of the distal
articulation has a clearly squared to broad-rectangular
shape. The astragalus seems complete on the only side fig-
ured (the anterior). It has an asymmetric appearance, with
the two trochleae inclined relative to each other.
Minimum number of individuals: Grav-1907.V.37 has a
deciduous dentition and hence belonged to a young indi-
vidual. The mandible fragment with the partly preserved
molar row (Grav-1907.V.45), and the isolated but associ-
ated right and left p4 (Grav-1907.V.47 and Grav-
1907.102.2.), left m2 (Grav-1907.102.1.), and very likely
the two incisors (Grav-1907.V.39 and Grav-1907.V.41),
as indicated by Seguenza (1907), are the remains of a senile
individual with teeth in an advanced wear stage. The wear
observable on the upper teeth is less pronounced, and thus
they could not have belonged to the same individual. The
two M3 (Grav-1902.VI.14 and Grav-1907.V.43), despite
being from opposite sides, differ in the wear pattern (more
advanced in Grav-1902.VI.14) and in M3 L values (3 mm).
Such differences appear too marked to be encountered
between the left and right side of a single individual.

Collectively, these observations allow to infer the pres-
ence at Gravitelli of a minimum number of four individu-
als, one young individual and three adults, one of which
senile.

5. Comparison

5.1. Upper dentition

Measurements of P4 reveal a large overlap between
most of the considered species, with Gravitelli close to
mean values of P. provincialis but also falling within the
variability of P. hysudricus and P. palaeochoerus

(Fig. 4A). Gravitelli M1 is somewhat more elongated than
in the other species, but it is close to the ranges of P.
palaeochoerus and P. provincialis (Fig. 4B). M2 is repre-
sented at Gravitelli exclusively by a distal fragment part
of Grav-1907.V.43, only M2 Wd is therefore considered
in the comparison. The specimen from Gravitelli is above
the mean but within the ranges of P. provincialis, P. palaeo-
choerus, and P. hysudricus, and below the mean but
between the range of P. hyotherioides (Fig. 4C). In the lat-
ter graph and due to the otherwise paucity of comparative
material of the taxon, values of P. hysudricus include the
maximum width (M2 W), when measurement of M2 Wd
were not provided in previous studies. The two M3 from
Gravitelli appear in general large among those of the con-
sidered species but also reveal important variability within
the sample (Fig. 4D). Grav-1902.VI.14 is smaller and falls
within the largest values of P. palaeochoerus and below the
mean of P. provincialis, but it is also close to the largest
specimens of P. hysudricus and the smallest of P. hyotheri-
oides. Grav-1907.V.43 is instead larger and only compara-
ble to remains of P. hyotherioides and P. provincialis. The
P4 L/M3 L ratio, based on the mean values of the consid-
ered species, reveals sharp differences between P. wui (0.38),
which has a relatively elongated M3, and P. palaeochoerus
(0.50), which has a proportionally enlarged P4 (Fig. 5). The
value of Gravitelli is equivalent to that of P. provincialis
(0.42), possessing a comparatively more elongated M3 than
P. hyotherioides (0.43), S. arvernensis (0.44), and P. hysu-
dricus (0.45).

5.2. Lower deciduous dentition

Comparative data for the deciduous dentition are some-
what limited but informative as well. Cross-checking values
estimated with ImageJ with those provided by Seguenza
(1907), it appears that original measurements are mainly
comprised between the minimum and the mean of the esti-
mates (Table S1). Therefore, such error range is displayed
in Fig. 6A. In absolute values, Gravitelli has a large dp4
L and a small dp4 W. The dp4 W/dp4 L ratio is outside
the range observed for all other specimens, and especially
far from P. hysudricus and S. arvernensis (Fig. 6B). Basi-
cally, the dp4 appears distinctly elongated at Gravitelli.
This feature is not an artifact of the measuring estimates,
as the occlusal proportions of the tooth would be the same,
whatever the bias associated with the single measurements
truly is. Indeed, that this feature is genuine is corroborated
by Seguenza (1907, p. 102) who described the tooth, exag-
gerating, as almost three times longer than wider. A
detailed biometric investigation for dp3 is not attempted,
due to the paucity of available comparative material, but
the observed enlargement of the distal lobe appears
remarkable, as it is the presence of a buccal cingulum.

5.3. Lower permanent dentition

The lower permanent dentition has been compared
through PCAs. The first two components of logPCA
jointly account for 89.6% of explained variance, but the
proportion explained by PC1 (81.9%) is predominant
(Fig. 7, Table 5). This axis is mostly influenced by size,



Fig. 4. Bivariate and univariate comparisons of dental measurements (in mm) of Propotamochoerus provincialis (Blainville, 1847) from the Late Miocene
of Gravitelli (Sicily, Italy) with different species of Propotamochoerus and Sus arvernensis. (A) P4 L x W, (B) M1 L x W, (C) M2 Wd, (D) M3 L x W. For
details and abbreviations, see Section 3.
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Fig. 5. Relative elongation of M3 (on the left) and P4 (on the right) in Propotamochoerus provincialis (Blainville, 1847) from the Late Miocene of Gravitelli
(Sicily, Italy) and in different species of Propotamochoerus and Sus arvernensis, as expressed by the P4 L/M3 L ratio (A). Bivariate comparison (in mm) of
M3 L x P4 L, the same samples are considered (B). Each point is the species mean value; bars represent the species ranges; dotted lines are drawn at P4 L/
M3 L = 0.4 and 0.5; N = sample size.

480 A. Iannucci / Palaeoworld 33 (2024) 469–491
showing a positive contribution of all considered variables,
with no sharp differences between them. PC2 (7.7% of
explained variance) is mainly influenced by the opposite
contribution of p4 L and especially p4 W on one side,
and m2 L, m2 W, and m3 W on the other, with m1 W hav-
ing a marginal impact. The resulting projected mor-
phospace allows a good discrimination between species.
Propotamochoerus wui is substantially smaller, S. arvernen-
sis is also small but close to the range of P. hysudricus.
Along PC1, there is overlap between P. hysudricus, P.
palaeochoerus, and P. provincialis. The overlap is small
between P. hysudricus and P. provincialis, and more impor-
tant between both of them and P. palaeochoerus. The latter
species is, however, almost completely separated along
PC2, which indicates that P. palaeochoerus has relatively
larger p4. The single specimen of P. hyotherioides plots in
the upper right corner of the graph, being larger and with
relatively larger molars. The Gravitelli specimen is also
large but falls between the areas occupied by P. palaeo-
choerus and P. provincialis.

Size-adjusting between specimens measurements reveals
more dimensions of variability that are important for the
considered sample (Fig. 8, Table 6). In gmPCA, PC1
accounts for 39% of explained variance, but up to PC4
all components explain more than 5% of the total variance.
The scree plot in Fig. S1 also does not show a clear
‘‘elbow”, hence the first four components (jointly 95.3%
of variance) are all interpreted herein. PC1 is similar to
PC2 of logPCA, although variables have slightly different
loadings, separating specimens with proportionally larger
p4 (on the left) from those with larger molars (on the right).
This results in a good but not complete separation of P.
palaeochoerus from the other species, and large overlap
between all the other groups. PC2 (24.6% of variance)
mainly represents length to width proportions, which
apparently do not discriminate effectively between species,
although the single specimen of P. hyotherioides has rela-
tively elongated teeth. PC3 and PC4 are difficult to inter-
pret and seem to document mainly intraspecific
variability. PC3 (18.5% of variance) is mainly influenced
by the opposite contributions of p4 measurements (mainly
p4 L) and m3 W on one side, and all other variables (espe-
cially m2 W) on the other. Along PC4 (13.2% of variance)
the sample is distributed according to p4 L and m2 W on
one side, and p4 W and m2 L on the other. On this axis,
it is perhaps important the good separation of P. wui, with
relatively elongated p4 and wide m2.

5.4. Postcranial material

The associated fragmentary left distal tibia (Grav-1902.
VI.17) and astragalus (Grav-1902.VI.20), originally



Fig. 6. Bivariate and univariate comparisons of dp4 measurements (in
mm) of Propotamochoerus provincialis (Blainville, 1847) from the Late
Miocene of Gravitelli (Sicily, Italy) with different species of Propotamo-

choerus and Sus arvernensis. (A) L x W, (B) W/L. The error range of
estimated measurements is shown. For details and abbreviations, see
Section 3.
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assigned to Tragocerus sp. by Seguenza (1902), belong to a
suid. Seguenza (1902) measured the astragalus ‘‘length”
(49.5 mm), ‘‘width” (26.5 mm), and ‘‘depth” (26.5 mm),
but he did not specify how these measurements were taken.
There can be little doubt that the ‘‘length” corresponds to
the largest anatomical dimension measurable on an astra-
galus, i.e., the greatest proximodistal diameter of the lateral
side. The other two measurements are more difficult to
interpret, but presumably were taken perpendicular to each
other and, in any case, Seguenza (1902) reported the same
value for both. Even acknowledging a bit of uncertainty on
how measurements were taken, their values are close to
those reported for P. palaeochoerus, P. provincialis, and
small specimens of Hippopotamodon major (Van der
Made, 2005, fig. 30; formerly included in Microstonyx).
The distal epiphysis of the tibia is partly fragmented, but
Seguenza (1902) reported 36 � 36 mm for its ‘‘greatest
diameters”, measurements which are in line with the size
of the astragalus.

6. Discussion

6.1. Comparative discussion

Gravitelli suids have been initially referred to S. cho-
eroides — a name of doubtful application that has long
been used for material currently placed in Eumaiochoerus

etruscus — (G. Seguenza, 1862, 1868), then described as
Sus (= Hippopotamodon) major (L. Seguenza, 1902,
1907), subsequently suggested to represent the African
Nyanzachoerus (Rook et al., 2000), and finally recognized
as belonging to Propotamochoerus (Gallai and Rook,
2006; Van der Made et al., 2006). However, Gallai and
Rook (2006) only considered two casts and assigned them
to Propotamochoerus sp., while Van der Made et al. (2006,
p. 235) argued in passing for a conceivable reference of
Gravitelli suids to P. provincialis based on ‘‘figures and
description by Seguenza (1902)”, but without further
details. The latter attribution is substantiated herein by
redescribing and comparing all suids specimens discussed
by Seguenza (1902, 1907), including those that were origi-
nally misidentified.

An assignment of Gravitelli suids to E. etruscus, an
endemic suid of the Tusco-Sardinian paleobioprovince
(Hürzeler, 1982) or to the African Nyanzachoerus

(Boisserie et al., 2014) is discouraged by clear morpholog-
ical differences. For instance, M3 in E. etruscus has a sim-
pler (less folded) enamel pattern (e.g., Mazza and Rustioni,
1997, pl. 2), while p4 in Nyanzachoerus is markedly
enlarged (Boisserie et al., 2014). Hippopotamodon

Lydekker, 1877, like Propotamochoerus, is another wide-
spread dicoryphochoerin (Liu et al., 2004; Van der Made
et al., 2013; Pickford, 2015). Hippopotamodon mainly dif-
fers from Propotamochoerus — considering traits observ-
able in the suid sample from Gravitelli — in its larger
dimensions and proportionally elongated M3 (Iannucci
et al., 2021a).

Detailed comparisons of Gravitelli suids have been
therefore focused on the different species of Propotamo-

choerus, including P. wui, P. hyotherioides, P. hysudricus,
P. palaeochoerus, and P. provincialis, and on Sus arvernen-

sis. Apart from P. wui, which is a substantially smaller spe-
cies, these small and medium-sized Suinae from the Late
Miocene to Pliocene of Eurasia constitute a group whose
isolated remains are often difficult to identify, sharing an



Fig. 7. Morphospace projection of logPCA onto the plane described by the first two components, and their respective loadings.

Table 5
Eigenvalues, percentage of explained variance, and loadings of logPCA. The first two components (jointly 89.6% of explained variance) are interpreted
herein.

logPCA PC 1 PC 2 PC 3 PC 4 PC 5 PC 6

Eigenvalue 0.01063 0.00100 0.00052 0.00040 0.00027 0.00016
% variance 81.867 7.6924 4.0121 3.104 2.068 1.2567

p4 L 0.41728 -0.21953 -0.77628 0.00945 0.41831 -0.00029
p4 W 0.43911 -0.69138 0.34273 -0.36031 -0.15653 0.23956
m1 W 0.41985 -0.04768 0.23629 0.28281 -0.01230 -0.82794
m2 L 0.42082 0.2807 -0.26822 0.18549 -0.77429 0.19555
m2 W 0.35417 0.16989 0.35892 0.58898 0.38895 0.46765
m3 W 0.39276 0.60322 0.15271 -0.63938 0.22261 -0.01369

482 A. Iannucci / Palaeoworld 33 (2024) 469–491



Fig. 8. Morphospace projections of gmPCA onto the planes described by the first and second, third, and fourth components, and their respective loadings.
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overall conservative similar morphology and partly
overlapping in several dental measurements (Iannucci and
Begun, 2022).
Concerning the specific attribution of Gravitelli suids,
Pickford (2013, p. 682) commented that: ‘‘The lack of third
molars in the material makes it difficult to decide on the



Table 6
Eigenvalues, percentage of explained variance, and loadings of gmPCA. The first four components (jointly 95.3% of explained variance) are interpreted
herein.

gmPCA PC 1 PC 2 PC 3 PC 4 PC 5 PC 6

Eigenvalue 0.00522 0.00329 0.00248 0.00176 0.00063 2.36E-06
% variance 38.992 24.583 18.516 13.188 4.7031 0.01763

p4 L -0.34676 0.44913 -0.44785 0.57342 0.025579 0.38471
p4 W -0.45079 -0.18721 -0.08694 -0.56467 0.398 0.52624
m1 W -0.06852 -0.11443 0.18433 -0.08885 -0.84537 0.47507
m2 L 0.39056 0.74484 0.35926 -0.26056 0.1308 0.28037
m2 W 0.11715 -0.35667 0.57356 0.525 0.32532 0.38553
m3 W 0.71105 -0.26103 -0.54759 -0.03029 0.05788 0.34949
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status of this material”, while Lazaridis et al. (2022, p. 543)
listed Gravitelli among the possible occurrences of P. ae-
gaeus, ‘‘Judging by the small M3”. However, these authors
did not consider all the sample described by Seguenza
(1902, 1907) but likely relied only on the casts discussed
by Gallai and Rook (2006). In the latter work, only one
M3 replica was considered, and the measurements pro-
vided are also slightly smaller than those taken by
Seguenza (1902) on the original material. Unfortunately,
at Gravitelli, m3 is indeed represented only by a mesial
fragment that does not allow considerations on its propor-
tions, which would have been diagnostic (Iannucci and
Begun, 2022). On the other hand, there are two complete
M3 amongst Gravitelli specimens, whose measurements
are in-between those of samples sometimes referred to
Propotamochoerus sp. and those of remains from the type
locality of P. provincialis, Montpellier (Iannucci et al.,
2021a; Fig. 4A, Tables 2, 3).

More broadly, the implication of the comparison (see
Section 5.1) is that size alone cannot be used for an effective
specific discrimination, unless ‘‘extreme” specimens or
mean values of abundant samples —which are very few—
are considered. The two M3 from Gravitelli differ of 3
mm in length, or even 4.5 mm, if measurements collected
by Gallai and Rook (2006) on the cast are considered. Such
variability might seem important and indeed places the two
specimens within the ranges of different species (Fig. 4D).
Nevertheless, there are several confounding factors that
should be taken into account. For a start, the comparative
measurements considered here and in many previous stud-
ies (e.g., Geraads et al., 2008; Iannucci et al., 2021a;
Lazaridis et al., 2022) have been collected over many years
by different researchers who have adopted, implicitly or
explicitly, divergent measuring protocols. For instance,
Van der Made (1996) collected the length of upper molars
perpendicular to the mesial side of the tooth, while
Hellmund (1995) used basically the greatest mesiodistal
diameter, and others considered different lengths measure-
ments (Fortelius et al., 2005). Then, one should consider
differences due to dental wear and sexual dimorphism,
which are significant sources of variation (e.g., Zeder and
Lemoine, 2020). Moreover, even assuming to eliminate
all operational, age- and sex-related variability, size differ-
ences might also represent further intraspecific variation.
The relationship between size and environment is indeed
well documented in extant populations of the wild boar,
Sus scrofa Linnaeus, 1758, from different geographic areas
and through time (e.g., Albarella et al., 2009; Iannucci
et al., 2020a, 2020b). It is worth expressing differences as
percentages, to put them into perspective. Differences
between M3 L values measured at Gravitelli are 9% (or
13%, considering the difference of 4.5 mm), those docu-
mented in the Late Pleistocene to Holocene record of S.
scrofa from a well-constrained geographical region in
southern Italy already surpass this percentage, reaching
17% (Iannucci et al., 2020b); in a more abundant recent
sample from Hakel (Germany), representing a good
approximation of a natural population, differences between
extreme observations are 33% (Kus�atman, 1991); and lar-
gest extant individuals of S. scrofa can be more than twice
as larger (in M3 L) than the smallest (Albarella et al.,
2009). Few other extant suids have wide geographic distri-
butions, but important morphometric variation is also doc-
umented in the African Potamochoerus Gray, 1854
(Boisserie et al., 2014). Considering the extensive geo-
graphic range of Propotamochoerus (but also of Hippopota-
modon and other fossil suids) throughout Eurasia, it is well
possible that fossil species displayed ecomorphological dif-
ferences similar to those observables within the extant wild
boar, especially for those taxa that maintained an overall
generalized morphology and, presumably, ecology.

Further univariate and bivariate comparisons consis-
tently recover Gravitelli as ‘‘large-sized” among the sam-
ples considered herein, close to values of P. hyotherioides,
P. palaeochoerus, and P. provincialis. More in-depth analy-
ses have been possible considering the measurements of a
partly preserved p4-m3 series. Results of the PCA point
out similarities between Gravitelli, P. provincialis, and P.
palaeochoerus. In particular, the Gravitelli sample falls
within the range of P. palaeochoerus in the projected mor-
phospaces of gmPCA, although never too far from values
of some specimens of P. provincialis and P. hysudricus.
These results are potentially very interesting but must be
critically evaluated considering the status of the observa-
tion from Gravitelli, which is made up by an isolated p4
and its associated molar row (m1-m3), which belong to a
senile individual with very worn teeth. This introduces a
two-fold bias in the measurements. First, since the greatest
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length (mesiodistal diameter) of these teeth is not at the
occlusal level, the value measured for the isolated p4 by
Seguenza (1907) is probably more precise than those taken
on the molars. Second, and especially relevant if Seguenza
(1907) collected molar lengths on the occlusal surface, the
advancing of wear affects molar lengths more severely than
that of p4 (Van der Made, 1996). A precise correction for
this bias is not attempted here, as it would require dedi-
cated empirical tests on an abundant sample. Nonetheless,
as a thumb rule, adjusted measurements would be some-
what larger (correcting for wear) and result in proportion-
ally larger molars, whose lengths are more affected by wear
than that of p4 and more difficult to take on teeth that are
not isolated. Basically, the resulting adjusted proportions
of the individual from Gravitelli would be closer to
P. provincialis than to P. palaeochoerus.

Previous studies have shown that P. provincialis and
P. palaeochoerus differ substantially in the relative elonga-
tion of third molars and fourth premolars (Iannucci et al.,
2021a; Iannucci and Begun, 2022). Basically, P. palaeo-

choerus has relatively enlarged P4/p4 and P. provincialis
has proportionally elongated M3/m3, to some extent
approaching the condition observed in Hippopotamodon.
The P4 L/M3 L ratio of Gravitelli is almost equivalent to
the mean value of P. provincialis (0.42) and very far from
the proportions shown by P. palaeochoerus (0.50).

Collectively, these results allow to ascribe Gravitelli
suids to P. provincialis, representing the earliest occurrence
of the species in Italy. It should be pointed out that here, as
in most previous studies (Pickford, 1988; Van der Made
et al., 1999; Fortelius et al., 2005; Iannucci et al., 2021a),
the specific attribution of Gravitelli suids is based on a joint
consideration of all available specimens, assuming that
they represent only one species. It is indeed unlikely that
two species of a generalist suid like Propotamochoerus are
represented in the same fauna, and there is no indication
of a substantially time-averaged deposition of the fossilifer-
ous layer that would allow to hypothesize a replacement
between two forms. Nonetheless, if taken alone most iso-
lated remains could not have been identified beyond the
genus level.

6.2. Mammal biochronology and paleobiogeography

The re-examination of the geological setting described
by Seguenza (1902, 1907, and references therein) revealed
that the mammal fauna of Gravitelli is at least older than
7 Ma and likely dates to the late Tortonian rather than
the earliest Messinian (see Section 2). This is in contrast
with a reference to MN 13 (late Turolian) in terms of mam-
mal biochronology, often supposed in previous studies
(Rook et al., 2006; Van der Made et al., 2006; Sardella,
2008). Notwithstanding problems in the divergent adop-
tions of the MN system, typical localities with MN 13 fau-
nas are indeed usually considered younger than 7 Ma
(Hilgen et al., 2012). However, different, and older correla-
tions for the fauna of Gravitelli, either to MN 12–MN 13
(Masini et al., 2008), or even to MN 11 (Ferretti, 2008),
have also been proposed. In general, all these references
should be considered with caution, due to the uncertain
attributions of several taxa, as they more likely reflect
assumptions based on the supposed age of the fossil hori-
zon, rather than being the result of correlations based on
large mammals. In the following, the most significant avail-
able studies on the mammal fauna of Gravitelli are briefly
reviewed.

The faunal list originally reported by Seguenza (1902)
comprised Semnopithecus monspessulanum, Machairodus

ogygia, Ictitherium hipparionum, Gazella deperdita, Antilope
sp., Tragocerus sp., Sus erymanthius, Hippopotamus (Hexa-

protodon) sivalensis, Rhinoceros (Dihoplus) schleiermacheri,
Mastodon borsoni, and Mastodon turicensis. Later,
Seguenza (1907), while describing further material recov-
ered in the following years, removed the subgeneric distinc-
tion for the hippo (i.e., assigning it simply to Hippopotamus

sivalensis) and identified another hyaenid species, Ictither-
ium orbignyi.

Although several authors mentioned Gravitelli in the
following decades (e.g., Parona, 1924; Pilgrim, 1931),
Hooijer (1946) was the first to critically revise part of Grav-
itelli mammals on the base of Seguenza’s description and
figures. In doing so, he recognized the hippo as a new spe-
cies, Hippopotamus siculus, reassigned to Parabos (?) spec.
and Diceros aff. pachygnathus some of the specimens previ-
ously attributed to the hippo, and to Dicerorhinus (?) spec.
the remaining rhinocerotids. Boisserie (2005) performed an
important cladistic analysis of hippopotamids, demonstrat-
ing the paraphyly of Hexaprotodon as traditionally con-
ceived and referring several taxa of uncertain status to
Hexaprotodon?, including Hexaprotodon? siculus. Martino
et al. (2021) accepted the validity of the hippo as a distinct
species, tentatively allocated to Hexaprotodon, and reas-
signed to the hippo the fragmentary radius previously
regarded by Hooijer (1946) as Parabos (?) spec., i.e., as
the potential presence of a large bovid.

Delson (1975) tentatively referred Gravitelli cercopithe-
cids to ?Mesopithecus monspessulanus and suggested they
could have represented a transitional population from M.
pentelici, but Rook (1999) favored an open attribution, as
Mesopithecus sp., in general adhering to Delson’s opinion
but doubting of the reliability of Seguenza (1902, 1907)
measurements. Alba et al. (2015) also listed the cercopithe-
cid of Gravitelli as Mesopithecus sp. indet.

Thomas et al. (1982) argued that remains of Gravitelli
bovids are not identifiable with certainty, suggesting a ref-
erence to Reduncini for the fragmentary cranium attribu-
ted to G. deperdita by Seguenza (1902) and reassigning an
astragalus of ‘‘Tragocerus” to a suid — to which an associ-
ated tibia similarly referred to Tragocerus sp. belong as well
(see Section 4). This leaves only a fragmentary tooth within
the remains assigned to the genus by Seguenza (1902). It
cannot be ruled out that the latter specimen belongs to
Seguenza’s ‘‘Antilope”, which according to the author
was instead only represented by part of the deciduous
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dentition. Bibi et al. (2009) also mentioned the potential
occurrence of reduncines at Gravitelli, but Vrba et al.
(2015) regarded it as doubtful.

Rook et al. (1991) briefly commented on Gravitelli car-
nivorans while discussing of the record of the group from
Italian Messinian localities. In so doing, they suggested a
reassignment of the saber-toothed cat to Metailurus parvu-

lus [instead of Machairodus (= Paramachairodus) ogygia]
and of the hyena I. hipparionum to Thalassictis hyaenoides.
As for Seguenza’s ‘‘Ictitherium orbignyi”, they regarded it
as a probable viverrid (Viverridae indet. in Rook et al.,
1999). Sardella (2008) also reconsidered the carnivorans,
but reporting Plioviverrops orbignyi, Hyaenictitherium (=
Thalassictis) hyaenoides, and M. parvulus. The scanty sam-
ple from Gravitelli of the latter taxon should be likely reex-
amined in light of recent studies on metailurine felids, in
which new species have been erected and their relationships
discussed (e.g., Spassov and Geraads, 2015; Jiangzuo et al.,
2022).

Guérin (2000, p. 121), discussing of African rhinocero-
tids, argued that: ‘‘Material from Gravitelli [. . .] clearly
represents Diceros but is not sufficient for a determination
at the specific level”, while Pandolfi and Rook (2017) sug-
gested an affinity with Ceratotherium neumayri for Gravi-
telli rhinos. No further justification is provided in both
works, but considering that Guérin (2000) retained C. neu-
mayri and C. pachygnathus within Diceros, these two opin-
ions are compatible. The previous hypothesis of the
presence of two rhinocerotids, suggested by Hooijer
(1946), was apparently abandoned.

Van der Made et al. (2006) commented that figures and
descriptions by Seguenza (1902) suggest a reference to P.
provincialis for the suids, while Gallai and Rook (2006),
considering two casts housed in IGF, favored an open
attribution to Propotamochoerus sp., and eventually the
assignment to P. provincialis is supported in this work.

Ferretti (2008) rejected the presence of two ‘‘Mastodon”

reported by Seguenza (1902), recognizing only one mam-
mutid species, Zygolophodon turicensis.

In brief, an updated faunal list of Gravitelli mammals is
provided as follows: Mesopithecus sp., Metailurini indet.,
Hyaenictitherium hyaenoides, Plioviverrops orbignyi, Zygo-
lophodon turicensis, Ceratotherium sp., Bovidae indet.,
Hexaprotodon? siculus, and Propotamochoerus provincialis.
This fauna does not help in refining the chronology of the
site and none of the taxa identified is exclusively reported
from MN 13. Moreover, most groups have been the subject
of divergent or preliminary opinions published without
dedicated studies, deserving reconsiderations.

Gravitelli has often been considered potentially part of a
non-endemic paleobioprovince documenting a connection
between southern Italy and northern Africa, together with
the locality of Cessaniti, in Calabria (Ferretti et al., 2003;
Rook et al., 2006; Marra, 2019; Georgalis et al., 2020).
However, apart from their geographic proximity, the two
localities do not share any common faunal element
amongst those so far identified. Moreover, although
different opinions have been expressed on the potential
African affinity of some Gravitelli mammals, like bovids
and hyaenids (e.g., Howell, 1980; Thomas et al., 1982) —
which is not surprising, bearing in mind the aforemen-
tioned uncertainty in the attribution of several taxa — up
to now, the only species of clear African origin amongst
those identified at Gravitelli is the hippo, Hexaprotodon?
siculus. However, it is worth noting that the extensive fossil
record of insular hippopotamids testifies to their ability to
colonize islands even in the absence of land bridges, whose
existence is therefore not needed to justify their dispersal
during the pre-evaporitic Messinian (Boisserie, 2007;
Masini et al., 2008; Gibert et al., 2013; Delfino et al.,
2021). Aside from hippopotamids, the rest of Gravitelli
fauna has a clear European character and none of the spe-
cies so far identified precludes a reference to the late Torto-
nian (Turolian, MN 11–MN 12).

The revised age of Gravitelli also implies that the hip-
popotamid record of this site is the earliest in Europe
and likely outside Africa. Not in Africa but still within
the Saharo-Arabian region is the hippopotamid record of
the Baynunah Formation, assigned to Archaeopotamus
qeshta, which might also be older than 7 Ma (Boisserie
and Bibi, 2022), and a similar age for the earliest record
of Hexaprotodon sivalensis in the Pakistan Siwaliks is not
likely but cannot be ruled out (Barry et al., 2002). In any
case, Gravitelli Hexaprotodon? siculus predates the earliest
occurrences of hippopotamids in the Iberian Peninsula
(6.3–6.2 Ma; Gibert et al., 2013) by at least 0.7 Ma. Hexa-

protodon is a genus of convoluted application, which has
long been used as a wastebasket taxon and has been shown
to be paraphyletic (Boisserie, 2005). Still, several circum-
Mediterranean occurrences from the Late Miocene of Eur-
ope and North Africa are provisionally often referred to as
Hexaprotodon? (Boisserie, 2005, 2007; Martino et al.,
2021). Taxonomic opinions expressed on the European
portion of this contingent range from recognizing only
one to up to four different species, part of the debate rest-
ing on the scanty nature of several samples (Van der Made,
1999; Boisserie, 2005, 2007; Martino et al., 2021). The rela-
tionships between circum-Mediterranean Late Miocene
hippopotamids are far from solved, but morphological evi-
dence supports the presence in Europe of at least two lin-
eages. Most notably, the Gravitelli hippopotamid is
hexaprotodont (i.e., it has six incisors) (Seguenza, 1907,
p. 119), while a tetraprotodont (i.e., with four incisor) con-
dition is observable in a mandible from La Portera, in the
province of Valencia (Lacomba et al., 1986). Perhaps the
presence of these two lineages document different dispersal
events from North Africa to Iberia and Sicily, the small
expanse of salt water to cross not representing a substantial
biogeographic barrier for hippopotamids.

7. Conclusions

Although Propotamochoerus was present in Europe at
least since the early Vallesian (MN 9), with P. palaeo-
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choerus, this species is not unambiguously recorded after
the so-called (mid-)Vallesian Crisis �9.7 Ma (Iannucci
and Begun, 2022). Remains of Propotamochoerus are
known again from Europe after a certain gap, likely docu-
menting a new dispersal from Asia. The earliest calibrated
Turolian occurrence of Propotamochoerus sp. is dated at
�8.3 Ma, based on undescribed material reported from
Gorna Sushitsa (Bulgaria; Böhme et al., 2018). There are
then several localities from the Balkans referred to the early
Turolian (MN 11 or MN 12), although with less precise
constraints (Geraads et al., 2008). Before P. provincialis

became relatively widespread in MN 13 faunas (Van der
Made and Moyà-Solà, 1989; Iannucci et al., 2021a), the
species reached Sicily, as testified by the record of Gravitelli
described herein. In sum, although this might be due to the
paucity of the fossil record, available dates support a dia-
chronous dispersal of Propotamochoerus in western Europe
during the Turolian, being first known from the Balkans
�8.3 Ma, then from Gravitelli earlier than 7 Ma, and then
from the Iberian Peninsula since �6.2 Ma (the latter being
the age of the earliest calibrated locality of the region with
P. provincialis, Venta del Moro; Gibert et al., 2013). A sim-
ilar pattern is observed for Mesopithecus, first documented
in eastern Europe and the Balkans in the early Turolian
(MN 11), then in Italy (Gravitelli being its earliest record),
and finally in the Iberian Peninsula at Venta del Moro
(Alba et al., 2015), supporting the view of a diachronic fau-
nal dispersal of Asian elements during the Turolian.

Gravitelli suids are assigned to Propotamochoerus

provincialis. They represent the earliest occurrence of the
species (and genus) in Italy and indirectly document the
existence of emerged land masses in the Italian Peninsula
connecting mainland Europe to Sicily earlier than 7 Ma.
The latter is the age of the base of the Tripoli Formation
in Sicily (Hilgen and Krijgsman, 1999; Blanc-Valleron
et al., 2002), which represents the maximum age for the fos-
sil fauna of Gravitelli. However, the mammal fauna of
Gravitelli have been recovered near the bottom a succes-
sion of clays, sands, and marls below the Tripoli Forma-
tion. Therefore, Gravitelli mammals are likely late
Tortonian in age or, at most, earliest Messinian (MN 11
or MN 12). A thoughtful integration of data of borehole
lithology, information derived from the historical literature
concerning outcrops and sections no longer exposed, and
renewed biostratigraphic investigations may be key to
refine the age of the mammal bearing deposits.

Seguenza (1908, p. 385) just a few months before dying
during the Messina Earthquake, which struck its city and
destroyed the collections he and his father assembled over
the years, wrote: ‘‘Esaminare minuziosamente le faune del
nostro Miocene, la successione ed i rapporti reciproci di
esse, studiare la tettonica dei diversi affioramenti per trarne
possibili deduzioni, sarà quindi lo scopo di una mia mono-
grafia per la quale ho già raccolto larga messe di materiali
ed osservazioni” (‘‘Examining meticulously the faunas of
our [i.e., of Messina] Miocene, the succession and the recip-
rocal relationships between them, studying the tectonics of
the different outcrops to draw reasonable inferences, it will
be the aim of a monograph of mine for which I already col-
lected a wealth of materials and observations”; own trans-
lation from the original Italian). That this monograph
never came to light is a sad and unexpected epilogue of
Seguenza’s studies on the Miocene of Sicily, but it does
not have to be the definitive conclusions of the research
on the Late Miocene mammal fauna of Gravitelli. Indeed,
it was not, as several works relied on or reconsider Seguen-
za’s descriptions (e.g., Hooijer, 1946; Thomas et al., 1982;
Marra, 2019; Martino et al., 2021). Yet, further research
aimed at critically re-evaluate the fauna of Gravitelli and
contextualize it within an updated systematic and method-
ological framework is still needed for most taxa, as shown
by the case of the suid record discussed herein. The case of
Gravitelli is emblematic of the importance of revising his-
torical collections, even when the original material is lost
(Iannucci et al., 2022b), and with this contribution I hope
to renew the interest on the study of this extremely impor-
tant fauna.
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