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A B ST R A CT 
Hippopotamus pentlandi, although lacking a comprehensive description, is regarded as one of the best known dwarfed hippopotamid species 
within the Mediterranean region. �is study provides a detailed analysis of a hippopotamus mandible from Amoroso Cave (Palermo, Sicily). 
Morphological and morphometric comparisons with insular and continental species reveal a signi�cant similarity between the Amoroso man-
dible and some specimens from San Ciro Cave (Palermo, Sicily), as well as with Hippopotamus amphibius. Conversely, material from Cannita 
Cave (Palermo, Sicily) a�ributed to H. pentlandi is less robust, more elongated and smaller. 3D geometric morphometric analysis performed 
on the symphyseal sagi�al cross-section further support a closer morphological a�nity of the Amoroso mandible to San Ciro Cave specimens 
and H. amphibius, suggesting an a�ribution to the la�er. Our research reveals the presence of at least two di�erent, potentially coeval, taxa in the 
Pleistocene of Sicily: the dwarfed Hippopotamus pentlandi primarily known from Cannita Cave, and H. amphibius. While Cannita Cave material 
has been thoroughly studied over the years, abundant remains from other localities, e.g. San Ciro Cave, require re-evaluation. A thorough analysis 
of Sicilian hippopotamids is crucial to improve our understanding of their systematics and to provide new insights into the palaeobiogeography, 
palaeobiology, and palaeoenvironment of Sicily during the Pleistocene.
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I N T RO D U CT I O N
Sicily, Italy�s largest island, has a long palaeontological history. 
Fossil vertebrate remains from the island are known since the 
15th century, with early interpretations a�ributing the bones 
to �giants�, who were thought to be the �rst inhabitants of the 
island (Fazello 1558, Valguarnera 1614). �e fossil material 
was later formally recognized as belonging to fossil animals by 
Bivona Bernardi (1830), who, thanks to the work of Cuvier 
(1812), realized the true nature of the remains (Fabiani 1928, 
Burgio et al. 2002). Unfortunately, a large number of vertebrate 

fossils (especially of hippopotamids) were later collected and 
sold, and several caves were almost completely depleted of 
their fossiliferous content (Bivona Bernardi 1830, Scinà 1831, 
Desnoyers 1845).

Several cranial and post-cranial bones coming from Benfratelli 
Cave (Palermo) were mentioned by Pentland (1832). �ese 
specimens were morphologically similar to Hippopotamus 
amphibius, although they were considerably smaller. In the same 
year, based on Pentland�s work, von Meyer (1832) established 
the species Hippopotamus pentlandi. �e author mentioned that 
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the bones, about 100 specimens, were collected in Benfratelli 
Cave, and later stored in the Museum des Königl, Gartens of 
Berlin. According to von Meyer (1832), the Sicilian hippopot-
amus shared morphological characters with both large fossil and 
extant hippopotamuses. Nonetheless, he noted that it was only 
a li�le larger than a domestic ox. However, apart from its smaller 
size, von Meyer (1832) did not report any additional diagnostic 
characters when he coined the species name H. pentlandi.

During the past century, several researchers considered H. 
amphibius to be the ancestor of H. pentlandi based on cranial 
and post-cranial morphological a�nities (Accordi 1955, Caloi 
and Palombo 1983, Capasso Barbato and Petronio 1983, Faure 
1983, 1984, 1985, Faure and GuØrin 1989, GuØrin 1996, Marra 
1998, 2005). �e comprehensive work by Accordi (1955) exam-
ined the abundant cranial and post-cranial material a�ributed 
to H. pentlandi, found in Cannita Cave (Palermo), and kept in 
various Italian institutions (Istituto di Geologia e Mineralogia 
of the University of Ferrara, Museo dell�Istituto di Geologia of 
the University of Padova, and the P. Leonardi collection of the 
Natural History Museum of Venice). Accordi (1955) described 
several characteristics that distinguish the Sicilian hippopot-
amus from H. amphibius and recognized a clear a�nity between 
the two species. Similarly to Accordi (1955), Capasso Barbato 
and Petronio (1983) focused on the cranial and post-cranial 
material of H. pentlandi collected from Cannita Cave and stored 
in the Natural History Museum of Milan. �e la�er authors 
noted that bones of di�erent size, but of similar morphology, 
came from the same locality, which they explained as evidence 
of multiple dispersals of H. amphibius onto the island. Caloi 
and Palombo (1983) provided a comprehensive revision of 
the Mediterranean island hippopotamids, mainly comprising 
H. pentlandi, Hippopotamus creutzburgi, and Hippopotamus 
minor, compared to the mainland Hippopotamus antiquus and 
H.  amphibius. Based on both morphological and morphometric 
data, Caloi and Palombo (1983) emphasized that H. pentlandi is 
a species that most likely derived from H. amphibius. In contrast, 
some scholars later supported the derivation of H. pentlandi 
from H. antiquus (Faure 1983, 1984, 1985, Faure and GuØrin 
1989, GuØrin 1996, Marra 1998). In a more recent paper, Marra 
(2005) proposed that the �mixed characters� of H. pentlandi are 
related to a possible common ancestry between H. antiquus and 
H. amphibius. �is hypothesis, although compelling, requires 
more extensive studies to support it.

Hippopotamus pentlandi was widespread throughout Sicily 
during the late Middle Pleistocene until MIS 4 (Bon�glio 
et� al. 2003). �e occurrence of H. pentlandi has been re-
ported from several fossiliferous localities such as Mazzarino, 
Niscemi, Mazzamuto Cave, Mule�a Cave, Maccagnone 
Cave, Puntali Cave, Cannita Cave, Corso Vi�orio Emanuele, 
San Ciro Cave, Santa Rosalia Cave, Olivella Cave, Billiemi, 
Benfratelli Cave, Malatacca Cave, Impisu Cave, Condannato 
Cave, Ponte Cave, Termini Imerese, Za� Minica Cave, Alcamo, 
San Vito lo Capo, San Teodoro Cave, Coste di Gigia, Ghiaie 
di Messina, Contrada Tabuna, Spinagallo Cave, Capo Peloro, 
Mazzarino, Niscemi, Fiume Imera, Boccadifalco, Riparo 
Messina, Emiliana Cave, Giovanna Cave, Rocca Scodonì, 
Fata Donnavilla Cave, Taormina, Contrada Fusco, Amoroso 
Cave, Simeto Valley, Cugno Ballarella, Alcamo, Cape Tindari, 
Comiso, and Perciata Cave (Fig. 1; Supporting information S1 

modi�ed from Martino and Pandol� 2022) (Bivona Bernardi 
1830, Alessi 1833, Anca 1867, Falconer 1868, Ba�aglia and 
Ciofalo 1883, Ciofalo and Ba�aglia 1888, De Gregorio 1924, 
1925, Fabiani 1928, 1931, Accordi 1955, Bon�glio and Berdar 
1969, Bon�glio 1983, Bon�glio and Violanti 1983, Burgio et 
al. 1983, Caloi and Palombo 1983, 1986, Burgio et al. 2002, 
Capasso Barbato and Petronio 1983, Burgio and Di Pa�i 
1990, Mannino and Zava 1994, Bon�glio et al. 2002, Marziano 
and Chilardi 2002, Di Pa�i and Calandra 2004, Di Pa�i and 
Piccione 2004, Abbate et al. 2006, Mannino 2008, Petruso 
and Tasche�a 2011, Chilardi et al. 2012, Martino and Pandol� 
2022). In addition to H. pentlandi, other hippopotamus ma-
terial not identi�ed to the species level (and therefore reported 
as Hippopotamus sp.) occurs in other localities (see Martino 
and Pandol� 2022 and references therein) (Fig. 1; Supporting 
information S1 modi�ed from Martino and Pandol� 2022).
In this paper, we present an unpublished mandible collected 
from Amoroso Cave. �is fossiliferous locality has already 
been reported in the literature (Burgio et al. 2002, Di Pa�i 
and Calandra 2004), but its fossil hippopotamid content has 
never been studied. �e material reported here will provide 
more data on the morphology and morphometry of Sicilian 
hippopotamids, which despite their abundance have not been 
extensively studied. In addition, we will apply 3D geometric 
morphometrics methods to be�er analyse morphological fea-
tures such as the symphyseal sagi�al cross section, a character 
that has never been studied in H. pentlandi. In general, this study 
aims to assess two main hypotheses: (i) the material found in 
Amoroso Cave can be ascribed to H. pentlandi, as its occurrence 
is extensively recorded throughout Sicily during the Middle and 
Late Pleistocene; (ii) the mandible discovered in Amoroso Cave 
exhibits greater similarity to H. amphibius, suggesting the oc-
currence of two hippopotamid taxa in Sicily. �e possible coex-
istence of two di�erent taxa would imply multiple entries of H. 
amphibius from the mainland to Sicily.

Amoroso Cave
�e geological information regarding Amoroso Cave 
(38°09�04.6��N 13°09�20.1��E) is rather scarce. �e site is lo-
cated in the Puntali Cave Natural Reserve, in the municipality of 
Carini (Palermo) (Fig. 2). Amoroso is a karstic cave that opens 
into the limestone cli� of Monte Lungo, along the northwest 
coast of Sicily (Fig. 2A, B). Unfortunately, the cave is located in-
side a private property. Over the years, various masonry artefacts 
have been built, completely covering the fossil layers. Burgio et 
al. (2002) reported the presence of a cavity containing various 
elephant bones, which was covered by human artefacts some-
time a�er 1986. �e cave is therefore no longer accessible, and 
no further studies can be carried out. �e presence of fossils in 
the Amoroso Cave, herea�er referred to as Amoroso, has been 
known since the 19th century. �e known fauna of Amoroso in-
cludes H. pentlandi, elephants, and doubtfully bears (Anca F., per-
sonal communication in Gemmellaro 1866) (Burgio et al. 2002).

Sicilian faunal assemblages: biochronology and endemism in 
the Middle to Late Pleistocene

�e faunal assemblages recovered from the Sicilian fossil sites 
usually contain similar groups of mammals, with more or less 
taxa represented, depending on the richness of each di�erent 
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site. Five di�erent biochronological faunal complexes (FCs) 
have so far been identi�ed (Bon�glio et al. 2002). �e two oldest 
faunal complexes (Monte Pellegrino FC and Palaeoloxodon 
falconeri FC) refer to lower Middle Pleistocene marine sedi-
ments characterized by fauna with di�erent degrees of en-
demism. In the Palaeoloxodon falconeri FC, besides the peculiar 
dwarf elephant, only Vulpes sp. is mentioned among the largest 
mammal fauna. �e most recent faunal complexes include the 
Palaeoloxodon sp. (originally Palaeoloxodon mnaidriensis) FC, 
Gro�a S. Teodoro�Contrada Piane�i FC, and Castello FC 
(Mangano et al. 2020). �e Palaeoloxodon sp. FC has more re-
cently also been referred to as the Maccagnone FC by Bon�glio 
et al. (2022). �ese faunal complexes are more similar to those 
found in southern Italy at this age, suggesting a link between 
the mainland and Sicily. Hippopotamus pentlandi is recorded 
exclusively in the Palaeoloxodon sp. FC (following Mangano 
et al. 2020), a well-balanced faunal assemblage that includes 
Palaeoloxodon sp., H. pentlandi, Cervus elaphus siciliae, Canis 
lupus, Dama carburangelensis, Ursus cf. arctos, Crocuta crocuta 
spelaea, Bos primigenius siciliae, Sus scrofa, and Vulpes vulpes 
(Bon�glio et al. 2002, Larramendi et al. 2020, Mangano et al. 
2020). �e Gro�a S. Teodoro�Contrada Piane�i FC lists sev-
eral carnivores, including U. cf. arctos. However, this faunal list 
does not include the occurrence of Hippopotamus pentlandi or 
a di�erent hippopotamus species (Bon�glio et al. 2002). �e 

Castello FC does not record the occurrence of bears, hippopot-
amuses, nor elephants (Bon�glio et al. 2002).

�e list provided by Mangano et al. (2020) for the 
Palaeoloxodon sp. FC is consistent with the poor mammalian 
fauna reported from Amoroso (remains of elephant, bear, and 
hippopotamus). �ese three taxa have been reported exclusively 
from the Palaeoloxodon sp. FC, while older and younger faunal 
units do not include the co-occurrence of these species. In the 
light of the previously discussed information, we can ascribe 
the fossil material from Amoroso to the Palaeoloxodon sp. FC. 
�e remains from Sicily are peculiarly abundant and the fauna 
retrieved from each fossiliferous locality has been extensively re-
ported in the literature, therefore the a�ribution of the material 
from Amoroso to the Palaeoloxodon sp. FC is well supported. 
Di�erent ages were provided for the Palaeoloxodon sp. FC. 
Electron spin resonance (ESR) dating of Palaeoloxodon sp. and 
H. pentlandi enamel from Contrada Fusco gave ages ranging from 
146.8 – 28.7 kya to 88.2 – 19.5 kya (Rhodes 1996). However, 
the analysis of Dama carburangelensis from Cape Tindari sug-
gested an age of 200 – 40 kya (Bada et al. 1991). Bon�glio et 
al. (2008) reported an age between MIS 10 and MIS 4 for the 
Palaeoloxodon sp. FC sensu Mangano et al. (2020). In Mangano 
et al. (2020) the hippopotamid material from San Teodoro Cave 
is reported under a phosphatic crust dated 120 kya. �e exact age 
of the Palaeoloxodon sp. FC is therefore controversial, although it 

Figure 1. Distribution of Hippopotamus pentlandi (in red), Hippopotamus amphibius or H. amphibius ssp. (in orange), and Hippopotamus sp. 
(in blue) in Sicily during the Middle�Late Pleistocene. List of occurrences modi�ed from Martino and Pandol� (2022) (see Supporting 
information S1).
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can be safely placed between the late Middle Pleistocene and the 
early Late Pleistocene.

M AT E R I A L  A N D  M ET H O D S
�e mandible MGUP GA1 described in this paper is stored in 
the Museo di Geologia Gaetano Giorgio Gemmellaro (MGUP) 
in Palermo (Sicily, Italy). �e mandible was collected in 1863 
and has been part of the palaeontological collection of the 
MGUP since then (Gemmellaro 1866). �e �gure of the man-
dible depicted in Fig. 2C is indeed the one reported in Fabiani 
(1928). However, no further information on this mandible has 
been published since.

A list of the Sicilian fossiliferous localities that yielded 
hippopotamid remains, modi�ed from Martino and Pandol� 
(2022), is provided in Supporting information S1. �e termin-
ology used for the dentition followed Boisserie et al. (2010), 
while the measurement protocol followed Mazza (1995). �e 
mandible from Amoroso was compared with H. pentlandi, H. 

melitensis, H. creutzburgi, H. amphibius (extant and fossil), H. 
antiquus, and H. tiberinus [= Hippopotamus ex gr. Hippopotamus 
antiquus in Mazza and Bertini (2013) and following publica-
tions] from direct observations (R.M. and L.P.) and published 
data (Reynolds 1922, Hooijer 1950, Accordi 1955, Melentis 
1965, Boekschoten and Sondaar 1966, Caloi et al. 1980, Caloi 
and Palombo 1983, Kahlke 1989, 1997, Mazza 1991, 1995, 
Galobart et al. 2003, Martinez-Navarro et al. 2010, Mazza and 
Bertini 2013, Athanassiou et al. 2018, Martino et al. 2023, 2024a). 
�e fossil H. amphibius specimens are not abundant, and the 
ones analysed were reported from Barrington (England), Fosso 
Malafede (Italy), and Cava Montanari (Italy) (Reynolds 1922, 
Caloi et al. 1980, Mecozzi et al. 2023, Martino et al. 2024a). We 
did not include H. minor in the dataset because this species is ra-
ther peculiar, showing strong adaptations to the insular environ-
ment and extreme dwar�sm (Marra 2005, Lyras et al. 2025). All 
the measurements are available in Supporting information S2. 
All the analyses presented in this manuscript were developed in 
the RStudio environment (R Core Team 2019). �e Principal 

Figure 2. Location of Amoroso Cave. A, geological map following Basilone and Di Maggio (2016). B, close-up of Sicily and Amoroso locality. 
C, mandible from Amoroso in dorsal view as depicted by Fabiani (1928).
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