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ABSTRACT - This work presents the current knowledge on the Quaternary vertebrate ichnological record (excluding 
the hominid data) of peninsular and insular Italy. In particular, the data concerning different Pleistocene localities of 
Sardinia (e.g. Capo Mannu and Funtana Morimenta) and the Middle Pleistocene Foresta “Devil’s Trails” ichnosite of 
Roccamonfina Volcano (Campania) are here discussed. In the Pleistocene record of Sardinia four ichnotaxa are known: 
Bifidipes aff. B. aeolis as regard the Early Pleistocene, and Proboscipeda panfamilia McNeil, Hills, Tolman, and Kooyman, 
2007, Bifidipes isp. and Canipeda isp. as concerning the Middle-Late Pleistocene record. Four ichnotaxa are identified 
also in the Middle Pleistocene ichnosite of Foresta “Devil’s Trails”: Proboscipeda panfamilia, McNeil, Hills, Tolman, 
and Kooyman, 2007, Ursichnus isp., Hippipeda isp., and the ichnogenus Pecoripeda (? ichnosubgenus Cervipeda). The 
systematics of the mammal ichnofossils and the putative trackmakers are discussed and, furthermore, the ages, the 
stratigraphic and geological data are briefly treated to suggest the relative palaeoenvironmental contexts.
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1. INTRODUCTION

Tracks and trackways of vertebrates are relatively scarce 
in the Pleistocene record of Italy, especially if compared 
to the numerous coeval deposits rich in vertebrate fossils 
remains. Until now, only ichnofossils related to large 
mammals are reported in few localities on the Italian 
Peninsula and in several sites principally localized along 
the western coast of Sardinia.

As regard the record of the Italian Peninsula, 
ichnofossils left by large mammals (excluding hominid 
tracks and trackways) have been reported in aeolian-
reworked alluvial sandsheet deposits of Upper Valdarno, 
Chianti area (Early Pleistocene), in late-glacial muddy 
cave floors (“Grotta del Fiume”, Marche and “Sala dei 
Misteri”, Liguria), and in Middle Pleistocene ignimbrite 
deposits of the north-eastern slope of the Roccamonfina 
Volcano, Campania (Ghinassi et al., 2013; Citton et al., 
2017; Panarello et al., 2017b, 2020; Palombo et al., 2018).

The Sardinian ichnofossil record is related only to 
coastal and aeolian contexts instead (Fig. 1a). Indeed, 
during the Pleistocene glacial-phases, the ample western 

continental shelf of Sardinia emerged due to the global 
sea level lowering, resulting in the extension of dune fields 
exposed to the NW glacial winds. This scenario led to the 
formation of a wide range of conservative environments, 
which allowed the preservation of the footprints left by 
large mammals (Fanelli et al., 2007; Kotsakis et al., 2008; 
Pillola and Zoboli, 2017; Zoboli and Pillola, 2018).

Therefore, we give mention of the Pleistocene Sardinian 
ichnosites and discuss the main ichnofossil record as 
well as the footprints of large mammals exposed in the 
Roccamonfina Volcano area (Fig. 1b).

2. QUATERNARY VERTEBRATE ICHNOFOSSILS 
OF SARDINIA

Until just over a couple of decades ago, there were 
few data concerning the palaeoichnology of Sardinian 
vertebrates and the only evidence was relegated to the 
Carboniferous record of the San Giorgio Basin, near 
Iglesias (Fondi, 1980; Marchetti et al., 2018). However, 
several studies have been made on the palaeoichnology of 
the Pleistocene Sardinian vertebrates and our knowledge 
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has been considerably increased during the last years 
(Fanelli et al., 2007; Kotsakis et al., 2008; Pillola and 
Zoboli, 2017; Zoboli and Pillola, 2018).

In the course of the Quaternary, the western coast 
of Sardinia was characterized by important aeolian 
processes, which originated extensive dune systems. 
These deposits are generally associated with palaeosols, 
alluvial and fluvial deposits (Orrù and Ulzega, 1986; 
Andreucci et al., 2010). The age of the aeolian deposits 
was questioned and debated, and different generations 
of dunes along the western coast of the island have been 
recognized by several authors (e.g. Orrù and Ulzega, 
1986; Andreucci et al., 2006; Lecca and Carboni, 2007; 
Abbazzi et al., 2008).

The vertebrate ichnofossils reported to date were found 
only in fossil aeolian deposits (s.l.) mainly localized along 
the northern and western coasts of the island, where 
numerous tracks and trackways of large mammals have 
been reported (Fanelli et al., 2007; Pillola and Zoboli, 
2017).

2.1. BOVID FOOTPRINTS FROM THE EARLY 
PLEISTOCENE OF CAPO MANNU

A few small didactylous footprints have been noticed 
in an exposed section of the D6 dune unit, consisting of 
strongly cemented fine sandy layers, at the top of the Capo 
Mannu (Sinis Peninsula, W Sardinia) aeolian stratigraphic 
sequence during a geological survey made by two of us 

Fig. 1 - a) Location map showing Early-Late Pleistocene main ichnosites of Sardinia: 1, Santa Teresa di Gallura; 2, Punta Tramontana 
(Castelsardo); 3, Cala Bona (Alghero); 4, Il Cantaro (Alghero); 5, Torre Argentina (Bosa); 6, Torre Columbargia (Tresnuraghes); 7, Capo 
Mannu (San Vero Milis); 8, Pistis (Arbus); 9, Porto Paglia (Gonnesa); 10, Funtana Morimenta (Gonnesa); 11, Porto Pino (Sant’Anna 
Arresi); b) Location of the Foresta “Devil’s Trails” ichnosite with the current geomorphology of the Roccamonfina Volcano, including the 
hydrographic framework and the main fault systems (Modified after © 2001-2012 Laboratory of Geomatics and Cartography (L.G.C.) 
of the Vesuvian Observatory (OV), Naples Section of the Institute National Geophysics and Volcanology - INGV).
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(G.L.P. and M.R.P.) and some colleagues (Kotsakis et al., 
2008). The tracks mainly occur in the distal part of the left 
side of the section, where the layer bedding surfaces are 
sub-horizontal or gently inclined (Figs. 2, 3).

2.1.1. Geological context
The over 80 m-thick stratigraphic succession exposed 

at Capo Mannu (Capo Mannu Formation, CMFm) 
attests to a regressive phase, lasted not less than 0.4-0.5 
Ma, evolving from marine-littoral to continental-dunal 
deposits with interbedded palaeosols (Figs. 2, 3).

A detailed stratigraphic analysis of the Capo Mannu 
Fm was provided by Carboni and Lecca (1995). The 

CMFm, separated from the underlying Middle Miocene-
Messinian sequence by an erosional unconformity, 
consists of seven main dune units (D1-D7) (and nineteen 
dune subunits) separated by first-order boundaries. 
Three dune units (D5-D7) of lesser lateral continuity 
overlay the first four dune units (D1-D4). The sequence 
of dune units, from D2 to D7, shows a clear depositional 
continuity, whereas no clear stratigraphical conformity 
can be observed between the first dune unit D1 and the 
overlying second dune unit D2 because the contact is not 
exposed, but covered by Late Pleistocene deposits (from 
MIS 5 to MIS 2) (Carboni and Lecca, 1995; Abbazzi et al., 
2008 and references therein).

Fig. 2 - Capo Mannu (San Vero Milis municipality, central-western Sardinia). a) panoramic view the Sinis Peninsula (from Capo Mannu 
toward southeast); b) particular of the Capo Mannu dune complex; c) syntetical cross-section of stratigraphical units exposed at Capo 
Mannu promontory and location of dune units at Mandriola (D1) and Capo Mannu cliff (D2-D7 sedimentary succession) (modified 
from Abbazzi et al., 2008 and Palombo and Rozzi, 2014).
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The entire Capu Mannu dune complex (D1 to 
D7) accumulated in the course of a period mainly 
characterized by hot and dry climatic conditions and 
intense aeolian dynamics, tough cooler and wetter 
climatic conditions occurred during marine regressive 
eustatic phases (Carboni and Lecca, 1995; Abbazzi et 
al., 2008). Abbazzi et al. (2008) analyzed the sediments 
related to the climatic-eustatic cyclicity according to 
cyclical stratigraphical models. Results obtained by 
the Italian authors by correlating the 7 dune units with 
the orbital eccentricity cycle and the 19 subunits with 
precession or obliquity of earth axis, suggest that the 
sedimentation process lasted not less than 0.4-0.5 Ma 
and not more than 1 Ma, and may had completed either 

shortly before or after the beginning of the Calabrian 
stage (roughly between 2 and 1.5 Ma), based on the 
chronology generally accepted for the D1 unit, recording 
the oldest Capo Mannu vertebrate fauna (Angelone and 
Kotsakis, 2001; Palombo, 2018a and reference therein).

The vertebrate remains were retrieved from the slightly 
developed red-brown sand-loam paleosols of Capo 
Mannu D1 dune unit exposed at Mandriola (Angelone 
and Kotsakis, 2001; Abbazzi et al., 2008; Palombo, 2009, 
2018a). The presence of the slightly modified murid 
Rhagapodemus azzarolii in the Mandriola local fauna 
assemblage provides its best chronological constraint. 
Its continental ancestor was, indeed, Rhagapodemus 
ballesioi, a Ruscinian species of western and central 

Fig. 3 - Bovid footprints of the Early Pleistocene aeolian deposits of Capo Mannu (central-western Sardinia). a) the main stratigraphical 
succession exposed on the Capo Mannu cliff; b) cemented aeolianites of D6 dune unit; c) cross section of sandstone showing footprint 
impressions and the deformation of the underlying laminas (modified from Kotsakis et al., 2008).
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Europe which likely dispersed to Sardinia not earlier 
than the Zanclean/Piacenzian transition (Bruijn and 
Rümke, 1974; Angelone and Kotsakis, 2001), as probably 
nearly all the insectivores recorded at Mandriola did. 
Accordingly, the hypothesis that the age of the Capo 
Mannu D1 dune unit might be younger than MN 15 
“zone” (Early Piacentian?) seems to be the most plausible 
(see Palombo and Rozzi, 2014 for a discussion; Palombo, 
2018a). The Mandriola local faunal assemblage belong to 
the Nesogoral Sardinian Faunal complex, in particular 
the oldest of the two Faunal sub-Complex it encompasses 
(i.e. Mandriola and Capo Figari-Orosei 1 FsC) (Palombo, 
2009, 2018a).

A slightly younger vertebrate faunal assemblage 
(Testudo pecorinii Delfino, in Abbazzi et al., 2008; Sus 
sondaari van der Made, 1999; Nesogoral sp., Bovidae 
gen. et sp. indet., small-sized, Bovidae gen. et sp. indet., 
larger-sized) was present in the Capo Mannu D4 levels 
(Abbazzi et al., 2008). The presence of a suid showing 
morphological features closer to the type species from 
Capo Figari, apparently more advanced than those 
detectable in Sus aff. S. sondaari from Mandriola (van der 
Made, 1999; Abbazzi et al., 2008; Palombo et al., 2012a), 
as well as the diversification shown by the bovid remains, 
suggest that the faunal assemblage may be ascribed to the 
Capo Figari-Orosei 1 FsC (see Palombo and Rozzi, 2014 
for a discussion).

2.1.2. The ichnofossil record
About thirty footprints were thus far detected in the 

Early Pleistocene (?Late Gelasian) aeolian sediments at 
the top of the stratigraphical sequence exposed on the 
cliff of Capo Mannu promontory, both in vertical sections 
and on bedding surfaces. The latter are badly preserved 
and difficult to identify because the tracks are either filled 
by overlapping sands or were made indistinct by erosive 
processes.

SYSTEMATIC ICHNOLOGY
Ichnogenus Bifidipes Demathieu, Ginsburg, Guerin, 

and Truc, 1984
Type Ichnospecies Bifidipes velox Demathieu, 

Ginsburg, Guerin, and Truc, 1984
Bifidipes aff. B. aeolis Fornós, Bromley, Clemmensen, 

and Rodríguez-Perea, 2002
(Fig. 3c)

The Capo Mannu footprints have not yet been 
studied in-depth and no photogrammetric models 
have been made to date. Therefore, here we report the 
results of some preliminary observations resulting 
from expeditious visual inspections made during two 
successive surveys, which enable us to describe only a few 
basic morphological traits.

In the less damaged tracks detected on bedding 
surfaces, the pad is somehow discernable, as an inflated 
disturbance zone asymmetrically developed, sometimes 
preserving hints of multiple, concentric sediment 

dislocations.
The much more common tracks are those visible in 

vertical section (internal or oblique), arranged in slightly 
different oriented trackways, along the natural aeolian 
sediment sections exposed by erosion. In all the tracks, 
a strong deformation of the sedimentary laminae is 
clearly visible. Sometimes curved micro faults produce 
slightly displacements of laminae delimiting the zone 
that corresponds to the pad. The tracks corresponding to 
internal/nearly internal vertical sections show distinctly 
the insertion within the sediment of the forefoot (manus) 
and hindfoot (pes), moderately superimposed each other. 
Sometimes a hoof-like distal termination seems to be 
present.

The tracks impressed on the Capo Mannu dunal 
sediments by a small-sized artiodactyl are comparable in 
size with the tracks of Bifidipes aeolis left by Myotragus 
balearicus on similar substrates (Fórnos et al., 2002). The 
only artiodactyls present at that time in Sardinia were the 
representatives of the genus Nesogoral, and, maybe, the 
smaller bovid Asoletragus gentryi (to date only known 
from an incomplete skull at Monte Tuttavista, Orosei) 
(Palombo et al., 2006, 2018a; Palombo et al., 2013). 
Accordingly, the hypothesis that the producer of Capo 
Mannu tracks was one among these endemic bovids 
seems to be the most rational.

The data available to date for the Capu Mannu 
footprints are, unfortunately, inadequate to evaluate 
the parameters crucial for understanding the gait of 
the trackmaker, such as the range of variation (if any) 
of the manus and pes prints relative positions and the 
length of stride, which depend on both the length and 
proportions of limbs and the speed of the type of gait (e.g. 
walking, trotting, running, jumping, etc.). Consequently, 
it is challenging to compare the tracks left by the quite 
long-legged, moderately cursorial Sardinian bovid (Rozzi 
and Palombo, 2013 and references therein) with those 
produced by the short-legged Myotragus balearicus with 
a low gear locomotion (Bover and Fornós, 2005).

2.1.3. Remarks
Demathieu et al. (1984) created the ichnogenus Bifidipes 

for artiodactyl “Traces didactyles semblables à l’empreinte 
de deux sabots contigus. Les ‘pinces’, pointues en général, 
ont leurs bords toujours nettement séparés et divergents. 
A l’arrière, la séparation des ‘éponges’ n’est pas toujours 
nette. Quand l’empreinte est complète, la longueur depasse 
toujours la largeur” (Demathieu et al., 1984, p. 162). Since 
that time, the ichnogeneric name frequently appeared in 
literature, although Vyalov (1966) had already created the 
ichnogeneric name Pecoripeda for ruminant footprints 
(see also below section 3.1.2). In particular, Fornós et 
al. (2002, p. 308) provided an emended diagnosis for the 
genus and created the new ichnospecies Bifidipes aeolis 
for tracks and trackways left by Myotragus balearicus 
on aeolian deposits. The diagnosis of the new species 
(“Bifidipes associated with considerable disturbance of the 
surrounding substrate including micro-folding and micro-
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faulting in aeolian sediments. Details vary with consistency 
and attitude of substrate surface. Pes may coincide with or 
fall behind manus. Stride irregular. Trackways commonly 
follow irregular course”) matches quite well some traits 
shown by the Capu Mannu footprints, which, like those 
of Myotragus, were left by an extinct endemic small-sized 
bovid walking on dunal aeolian deposits.

This is the reason why we decided to use the 
ichnogeneric name Bifidipes, although we are aware that 
it could be regarded of a junior synonym of Pecoripeda.

2.2. MAMMAL TRACKS AND TRACKWAYS FROM 
THE MIDDLE-LATE PLEISTOCENE OF SARDINIA

Tracks and trackways assigned to large mammals 
were recognized in pre- and post-Tyrrhenian aeolian 
deposits (s.l.) of several localities of Sardinia: Santa 
Teresa di Gallura, Punta Tramontana (Castelsardo), Cala 
Bona and Il Cantaro (Alghero), Torre Argentina (Bosa), 
Torre Columbargia (Tresnuraghes), Capo Mannu (San 
Vero Milis); Pistis (Arbus), Porto Paglia and Funtana 
Morimenta (Gonnesa), and Porto Pino (Sant’Anna Arresi) 
(Fanelli et al., 2007; Pillola and Zoboli, 2017; Zoboli and 
Pillola, 2018). The recorded ichnofossils are represented 
by isolated tracks and/or trackways left by proboscideans, 
megacerine deer and canids (Figs. 4, 5).

2.2.1. Geological context
Sedimentological and precise chronostratigraphic 

studies concerning the Sardinian localities are currently 
underway. However, a Middle-Late Pleistocene age has 
been generally assigned to the aeolian deposits (s.l.) of the 
western Sardinia on the basis of the relationships with the 
Tyrrhenian interglacial marine deposits (MIS 5e).

The geological settings of different sedimentary 
successions along the north and western coasts of the 
island show that aeolian deposits occur both below and 
above the MIS 5e deposits (Pecorini, 1954; Comaschi 
Caria, 1968; Carboni and Lecca, 1985; Kindler et al., 
1997; Andreucci et al., 2006, 2010; Lecca and Carboni, 
2007; Catto, 2010; Coltorti et al., 2010). The absence of 
the marine Tyrrhenian marker associated with aeolian 
deposits in the internal areas represents a problem for a 
precise chronological context.

As regard the Sulcis-Iglesiente area, where several 
ichnosites have been reported (Fanelli et al., 2007; 
Pillola and Zoboli, 2017; Zoboli and Pillola, 2018), at 
least two generations of dune deposits are identified. 
The oldest aeolian deposits were assigned to the Middle 
Pleistocene (“Funtana Morimenta Fm.”, FMF) and the 
most recent ones to an undefined Late Pleistocene. 
The local geological context indicates that the FMF is 
older than the substage MIS 5e, due to the relationships 
observed in the Funtanamare shoreline (Gonnesa) (Orrù 
and Ulzega, 1986). In the Gonnesa Gulf, the Tyrrhenian 
marine deposit lies on the erosional surface cutting the 
aeolianites of the FMF. The second aeolian complex (post-
Tyrhenian) crops out in several localities in the Gonnesa 
area (Orrù and Ulzega, 1986).

2.2.2. The ichnofossil record
To date, only three ichnotaxa related to large mammals 

have been reported in the Middle-Late Pleistocene record 
of Sardinia: Bifidipes isp., Canipeda isp. and Proboscipeda 
panfamilia McNeil, Hills, Tolman, and Kooyman, 2007. 
The ichnofossils are represented by short trackways and 
some isolated footprints impressed in aeolian and/or 
coastal sandy deposits.

SYSTEMATIC ICHNOLOGY
Ichnogenus Proboscipeda Panin and Avram, 1962

Type Ichnospecies Proboscipeda enigmatica Panin and 
Avram, 1962

Proboscipeda panfamilia McNeil, Hills, Tolman, and 
Kooyman, 2007

Figs. 4e, 5 c-f

The footprints assigned to this ichnotaxon have 
been reported only in the site of Funtana Morimenta 
(Gonnesa), in Middle Pleistocene aeolian well-cemented 
coarse sandstone (Pillola and Zoboli, 2017). The 
recovered specimens are represented by isolated manus-
pes couples preserved as convex hyporeliefs or concave 
epireliefs. Furthermore, proboscidean tracks are clearly 
visible in transverse sections in the field. The nature of the 
sediment did not allow the impression and preservation 
of detailed morphological features and the free digit 
impressions are not preserved in all specimens.

MPC - B (Fig. 5c) is an incomplete manus-pes set 
preserved as a concave epirelief with the pes impression 
overstepping the manus impression. The estimated size 
of the restored footprints is approximately 20.0 cm x 25.0 
cm. A convex volume of deformed sediment by a manus-
pes couple is clearly visible in MPC - A (Fig. 5d), even in 
this case, the pes imprint partially oversteps the posterior 
part of the manus imprint. The specimens MDLCA 
23636 and MDLCA 23637 (Fig. 5 e-f) are represented by 
a convex hyporelief of an isolated manus-pes couple (Fig. 
5e), and its corresponding incomplete concave epirelief 
(Fig. 5f). The estimated size of the manus imprint is 
20.0 cm and 25.0 cm in length and width, respectively. 
The incomplete epirelief (Fig. 5f2) shows the underlying 
laminae deformation (undertrack).

Given the size, ovoidal shape, age and occurrence of 
mammoth body fossils in the same aeolian deposits, 
the footprints of Gonnesa can be likely attributed to the 
dwarf Sardinian mammoth Mammuthus lamarmorai 
(Major, 1883), to date the only proboscidean reported in 
the Pleistocene fossil record of Sardinia. The holotype of 
this taxon was indeed found closely to the footprints site 
at the end of the 19th century (Acconci, 1881; Comaschi 
Caria, 1965; Palombo et al., 2012b; Zoboli et al., 2018). 
The Sardinian mammoth probably reached 140-160 cm 
in height and 500 kg in weight. The antero-posterior and 
the mesial diameters of the manus and pes, based on the 
skeletal reconstruction of the holotype, are 17.0 cm x 21.0 
cm (manus) and 20.0 cm x 17.0 cm (pes), respectively. 
Surprisingly, the correspondence between the size of 
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Fig. 4 - Footprints of large mammals from the Middle-Late Pleistocene of Sardinia. a-b) megacerine deer footprints from Pistis (photo 
by Mr. G. Marras); c) megacerine trackways on pebbly coarse sandstones, Late Pleistocene of Porto Paglia (modified from Fanelli et 
al., 2007); d) cross section showing megacerine deer footprints rather deep undertraces and curved laminae (Middle Pleistocene of 
Funtana Morimenta); e) sandstone cross-section showing a pigmy mammoth footprint (Middle Pleistocene of Funtana Morimenta).
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the footprints and the bone remains of manus/pes is 
remarkable, even though the volume of the fleshy portion 
is unknown and the exact outline of the manus/pes are 
not well-defined in the tracks (Pillola and Zoboli, 2017).

Ichnogenus Bifidipes Demathieu, Ginsburg, Guerin, 
and Truc, 1984

Type Ichnospecies Bifidipes velox Demathieu, 
Ginsburg, Guerin, and Truc, 1984

Bifidipes isp.
Figs. 4 a-d, 5 a-b

Megacerine deer tracks and trackways are present in 
several localities along the northern and western coasts 
of Sardinia (Fig. 1a). The ichnofossils have been found 
on naturally exposed surfaces mainly corresponding 
to originally stiff or firm sandy carbonate mud, and 
fine, coarse or pebbly sands having more or less high 
moisture content. Fanelli et al. (2007) recognized two 
morphotypes: 1) trackways (two or more consecutive 
footprints belonging to a single individual) that can be 
followed for meters (the longest documented consist 
of about 3-4 m, Fig. 4c); 2) groups of several tracks, 
sometimes overlapping in various degree, that can be 
observed within rather restricted trampling areas (about 
50 square cm), thus the original direction of movement 
cannot be detected. Some footprints appear as “simple 
tracks”, where the tracks of pes and manus are separated 
and do not overlap. “Compound tracks”, where the tracks 
of manus and pes overlap or coincide in various degrees, 
produced a double track; the last type seems to be more 
frequent (see Fanelli et al., 2007 for further information). 
Deer tracks have been left in different type of sediments: 
sandy mud, damp sand and pebbly sand (Fanelli et al., 
2007; Zoboli and Pillola, 2018).

Ichnogenus Canipeda Panin and Avram, 1962
Type ichnospecies Canipeda longigriffa Panin and 

Avram, 1962
Canipeda isp.

Fig. 5a

A single footprint (Fig. 5a2) related to a small canid 
represents to date the only carnivorous ichnofossil in 
the Pleistocene record of Sardinia. The canid ichnofossil, 
associated with some deer footprints referable to Bifidipes 
isp. (Fig. 5a1), has been collected in the Porto Paglia area 
(Fig. 1a). The footprint is preserved as concave epirelief, it 
is digitigrade and symmetrical with four well-developed 
toe pads and relative claw marks, and its central pad is not 
clearly visible.

In Sardinia during the Pleistocene, two dog species 
belonging to the endemic genus Cynotherium are known: 
C. sardous Studiati, 1857 (Middle-Late Pleistocene) 
and C. malatestai Madurell-Malapeira et al., 2015 (?late 
Early Pleistocene and/or Early Middle Pleistocene). The 
dog footprint from Porto Paglia is likely referable to 
Cynotherium, and has been assigned to the ichnogenus 

Canipeda Panin and Avram, 1962 by Zoboli and Pillola 
(2018).

2.2.3. Remarks
As regard proboscidean ichnofossils, large footprints 

and trackways of “normal sized” putative elephants have 
been described from different localities of Eurasia, Africa 
and America (e.g. Aramayo and Bianco, 1987; Lucas et al., 
2007; McNeil et al., 2007; Neto de Carvalho, 2010; Bibi et 
al., 2012; Aramayo et al., 2015). Proboscipeda enigmatica, 
the earliest name proposed for deinothere tracks, was 
erected to describe ichnofossils from the Miocene of 
Romania (Panin and Avram, 1962). This ichnotaxon has 
specific dimensions (14.0 to 17.0 cm in diameter and 42.0 
to 52.0 cm in circumference), oval shape (longer than 
wide) and mostly lacking free digit impressions (Panin 
and Avram, 1962; McNeil et al., 2007). Abbassi et al. 
(2017) reported the oldest known proboscidean tracks, 
assigned to Proboscipeda enigmatica and cf. Proboscipeda 
isp., in the Late Eocene of Iran. The footprint-group 
name Proboscipeda is usually used to denote all Cenozoic 
(from Eocene to the present) large mammals tracks, 
diagnosing the group as very broad (11.0-62.0 cm in 
diameter), ovoidal to circular depressions that may show 
digit impressions, and typically showing overstepping 
of manus and pes imprints in trackways. Proboscipeda 
panfamilia was proposed by McNeil et al. (2007) to 
indicate proboscidean tracks from the Pleistocene of 
Alberta (Canada). These tracks can be distinguished 
from the smaller P. enigmatica by their average large 
size and more circular shape. P. panfamilia impressions 
range between 11.0 and 62.0 cm in diameter (including 
juvenile trackmakers) and are characterized by bilateral 
symmetry and a nearly circular outline. Lucas et al. 
(2007) described P. panfamilia attributed to Mammuthus 
columbi (Falconer, 1857) from the Late Pleistocene of 
New Mexico. Finally, Neto de Carvalho (2010) reported 
mammal and bird footprints in the Pleistocene of Portugal 
and P. panfamilia, possibly related with Elephas antiquus 
Falconer and Cautley, 1847. Therefore, P. panfamilia was 
chosen to designate the occurrence of many different 
sized tracks, representing very young to old mammoths 
and straight-tusked elephants. Pigmy proboscidean 
footprints were reported in coastal areas of the SW part 
of the island of Rhodes, Greece (Milàn et al., 2007). 
Outside the Mediterranean region, other footprints 
likely produced by small elephants were described by 
Matsukawa and Shibata (2015) in the Miocene of Japan 
and attributed to the pigmy insular species Stegolophodon 
pseudolatidens (Yabe, 1950). Considering shape and size, 
the Sardinian ichnofossils were assigned to the ichnotaxon 
P. panfamilia by Pillola and Zoboli (2017). Furthermore, 
the possible trackmaker identified is the pigmy mammoth 
Mammuthus lamarmorai (Major, 1883).

As regard artiodactyls, the megacerine deer 
Praemegaceros is the only large taxon reported in the 
Middle-Late Pleistocene record of Sardinia. Remains 
ascribed to this taxon are relatively frequent in aeolian 
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Fig. 5 - Middle-Late Pleistocene vertebrate ichnofossils of Sardinia. a) Bifidipes isp. and Canipeda isp. (GLP 0179), trampled bedding 
surface showing deer tracks and a single canid footprint (a1), detail of Canipeda isp. (a2), Porto Paglia (Gonnesa); b) Bifidipes isp. (GLP 
0180), trampled bedding surface showing single and compound tracks impressed on sandy carbonate mud, Porto Paglia (Gonnesa); c) 
Proboscipeda panfamilia (GLP 0177), incomplete epirelief of manus-pes couple in superior (c1) and lateral (c2) views, superimposed 
deer tracks are visible on the left, Funtana Morimenta (Gonnesa); d) Proboscipeda panfamilia (MPC - A), manus-pes hyporelief in 
inferior (d1) and lateral (d2) views, Funtana Morimenta (Gonnesa); e) Proboscipeda panfamilia (MDLCA 23636), manus-pes hyporelief 
in inferior (e1) and anterior (e2) views, Funtana Morimenta (Gonnesa); f) Proboscipeda panfamilia (MDLCA 23637), part of epirelief in 
superior (f1) and lateral (f2) views, Funtana Morimenta (Gonnesa). GLP and MPC: specimens stored at the Museo dei Paleoambienti 
Sulcitani - E.A. Martel of Carbonia; MDLCA: specimens stored at the Museo Sardo di Geologia e Paleontologia “D. Lovisato”, University 
of Cagliari. Scale-bar for a1, b-f = 10 cm; scale-bar for a2 = 5 cm.
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(s.l.) deposits (Comaschi Caria, 1955a, 1955b); fissure 
fillings (Studiati, 1857; Abbazzi et al., 2004; Van der Made 
and Palombo, 2006; Zoboli and Pillola, 2016, 2017; Zoboli 
et al., 2019) and cave deposits (Caloi and Malatesta, 1974; 
Melis at al., 2016). Currently, two species are reported 
from Sardinia: Praemegaceros cazioti (Depéret, 1897) 
and Praemegaceros sardus (Van der Made and Palombo, 
2006). This latter taxon is considered the ancestor of P. 
cazioti and its size is about 25-40% larger than P. cazioti 
(Van der Made and Palombo, 2006). Moreover, the fossil 
remains of a large deer from Su Fossu de Cannas Cave 
(Sadali) indicate the most primitive megacerine deer 
found in Sardinia and the first representative of the 
Sardinian endemic lineage (Melis et al., 2016).

During the Middle-Late Pleistocene, the endemic 
megacerine deer were present in coastal areas, such as 
beaches and dunes, where probably they were attracted by 
salt crusts, as it occurs nowadays. For this reason, herds of 
deer and single males were usual frequenters of these places, 
which are particularly suitable for track preservation. The 
most suitable environment is represented by tidal and 
flood plains, lagoons periodically subject to water level 
oscillations and even complete desiccation, and distal 
portions of washover fans, where moist, coherent, fine-
grained sediments are present (Fanelli et al., 2007). As 
far as the megacerine footprints are concerned, they were 
impressed, as in sub-modern environments, on various 
substrates, ranging from moist coarse to fine sands and 
rather plastic sandy carbonate mud. The depositional 
environment could be represented by stagnation areas, 
covered by a fine water film, periodically subjected 
to desiccation. According to Fanelli et al. (2007) the 
megacerine tracks have been recognized on bed surfaces, 
from distal fan depositional environments or lagoonal 
edge (low-energy shallow waters) and backshore deposits. 
The presence of defined tracks and pressure pads on these 
bedding surfaces suggest a moist substrate, not wet, and 

periodically dried. The comparison between the trackway 
parameters on different substrates left by modern cervids 
(e.g. Cervus elaphus and Dama dama) are similar to 
those produced by the Sardinian insular megacerine; in 
particular, the parameters are very close to those of the 
modern Cervus elaphus (Fanelli et al., 2007).

The ichnological and sedimentological data indicate 
a rather accurate palaeoenvironmental scenario for the 
western Sardinia during the Middle-Late Pleistocene. 
Most likely, herds of megacerine deer and groups of pigmy 
mammoths wandered in search of trophic resources in 
large expanses of dunes blown by the mistral and dotted 
with ephemeral marshes or coastal lagoons (Fig. 6).

3. QUATERNARY VERTEBRATE ICHNOFOSSILS 
RECORD OF THE ITALIAN PENINSULA: AN 
OVERVIEW

In spite of the remarkable mammalian fossil record, 
only a few tracks and trackways have been recorded in 
the continental Italy Pleistocene deposits. Few large 
footprints, possibly left by Mammuthus meridionalis, 
have been detected, for instance, in the aeolian-reworked 
alluvial sandsheet deposits of Upper Valdarno (“sabbie 
del Palazzetto”, unit VRCb, Chianti; pre-Olduvai Early 
Pleistocene) (Ghinassi et al., 2013), whereas traces left by 
cave bear, commonly identified as Ursichnus europaeus 
Diedrich, 2011 ichnospecies have been reported from 
few late glacial cave, such as “Grotta del Fiume” (Gola di 
Frasassi, Ancona, Marche) (Bocchini and Coltorti, 1978), 
and the well-known “Sala dei Misteri” (Bàsura Cave, 
Toirano, Liguria) (Citton et al., 2017).

In the Holocene, a number of tracks and trackways, 
mainly made by domesticated animals, have been mainly 
reported from archaeological sites, particularly from 
volcanic ash deposits of protohistorical and historical 
sites (Kim et al., 2008). More specifically, footprints of 

Fig. 6 - Palaeoenvironmental reconstruction of a dune landscape of Sardinia during the Middle-Late Pleistocene and vertebrate community 
interpreted on the basis of the ichnofossil data, from left to right: Mammuthus lamarmorai, Cynotherium sp. and Praemegaceros sp. 
(from Zoboli and Pillola, 2018).
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mammals have been found on the uppermost levels of the 
Pomici di Avellino eruption (Somma-Vesuvius Volcano, 
3945±10 BP, 1995±10 cal BC) (Sevink et al., 2011; Di 
Lorenzo et al., 2013; Di Vito et al., 2019), and at Croce 
del Papa (Nola) (Di Vito et al., 2009, 2018, 2019; Laforgia 
et al., 2009) and at the Bronze Age village of Afragola-
Badagnano (Vesuvius Volcano) (Di Vito et al., 2009, 2018, 
2019; Laforgia et al., 2013). Several mammal footprints 
have also been recently found at the Neolithic settlements 
of Casetta Mistici and Tor Vergata (Rome) on the surface 
of lahar sediments, arising from the crater of the Albano 
Lake (Cerilli et al., in press).

Particularly rare, in Italy, are Middle Pleistocene 
vertebrate tracks. Fossil record of mammal tracks are 
thus far only recorded at the “Devil’s Trails” Foresta 
palaeontological site (Foresta Village, north-eastern 
slope of the Roccamonfina Volcano, Tora e Piccilli 
municipality, Fig. 1b), well-known for its exceptional 
hominin footprints (see Avanzini et al., 2020 and 
references therein).

The mammal tracks and trackways identified, thus far 
at the ichnosite are few, but deserve attention because 
provide some clues about the animals that shared the 
same territory with the Early Palaeolithic humans, 
at the time they walked on the still unconsolidated 
Roccamonfina ignimbrite deposit (a unit of the Brown 
Leucitic Tuff) around 350 ka ago (for further information 
about mammalian fauna and human remains see, among 
others, Biddittu et al., 1979, 2020; Biddittu and Segre, 
2009; Manzi et al., 2011; Palombo, 2014, 2018a, 2018b; 
Peretto et al., 2014, 2016; Manzi, 2016; Pereira et al., 2016, 
2018; Zanolli et al., 2018 and references in those papers).

3.1. MAMMAL TRACKS AND TRACKWAYS 
FROM THE MIDDLE PLEISTOCENE FORESTA 
ICHNOSITE (ROCCAMONFINA VOLCANO, 
CENTRAL ITALY)

3.1.1. Geological context
The Roccamonfina Volcano, located in the NE-trending 

Garigliano graben (Fig. 1b), is one among the various 
volcanos and volcanic districts of the Roman magmatic 
province, which extends from about the western side 
of the Central Apennines to the Tyrrhenian margin, 
between the Ancona-Anzio/ Olevano-Antrodoco and the 
Ortona-Roccamonfina tectonic lines (Peccerillo, 2017).

The Roccamonfina stratovolcano is characterized by 
two stages of volcanic activity separated by volcano-
tectonic caldera collapses, which occurred at about 400 
ka. The first phase was dominated by leucite-bearing 
lava flows inter-bedded to minor ashfall and mud-flow 
deposits, and lasted from about 630 and 400 ka. During the 
second plinian paroxysmal volcanic phase, lasting from 
about 385 and 230 ka, the deposition of the pyroclastic 
Brown Leucitic Tuff and White Trachytic Tuffs flow units 
took place. The central shoshonitic domes formed during 
the latest stage of activity at about 150 ka (De Rita et al., 
1998; Rouchon et al., 2008; Santello, 2010 and references 

therein).
The stratigraphy of the BLT reflects the evolution of 

pyroclastic currents originated by collapses of eruptive 
columns. Eight pyroclastic units (LS1 to LS8), bounded 
by unconformity surfaces, have been detected. The 
human and mammal footprints were impressed very 
shortly after the emplacement of pyroclastic flows, on 
the top of the cooling and still unconsolidated surface of 
the distal region of the ignimbritic flow corresponding 
to the LS7 pyroclastic unit. The lithification process that 
affected the flow deposit as the result of a zeolitization 
process permitted the tracks to be preserved (Santello, 
2010). A couple of mammal footprints were impressed on 
the surface of a discontinuity layer interbedded between 
LS7 and LS8, which ranges from 2 to 11 cm in thickness.

The recent radiometric 40Ar/39Ar date obtained for both 
LS7 and on LS8 implies a very short time gap between 
the two explosive events and indicates that hominins and 
mammals were present in the area and left their traces 
by the end of MIS 10, in a time close to the Climatic 
Termination IV (Santello, 2010; Panarello et al., 2017a, 
2020 and references therein). For further information see 
Avanzini et al. (2020).

3.1.2. The ichnofossil record
The detection and identification of vertebrate 

footprints on the ignimbrite palaeosurface is challenging 
due to the characteristics of the pyroclastic flow (e.g. 
coarse granulometry, presence of centimeter-sized clasts, 
pumice concentration zones), which may hamper the 
preservation of anatomical details, together with the 
alteration undergone in the top of the volcaniclastic 
deposit during its prolonged exposure to weathering 
agents. The latter might have determined, for instance, 
the obliteration of shallow footprints impressed by 
small-sized animals and/or by animals walking on the 
ignimbrite at the time that the zeolitization processes had 
already made quite firm its surface.

Two short mammal trackways, and some isolated 
footprints have been identified at Foresta ichnosite. 
The limited record prevents, for the most part, a firm-
specific attribution and makes problematic to identify the 
trackmaker. To date, four ichnotaxa have been identified 
(ichnospecies Proboscipeda panfamilia, McNeil, Hills, 
Tolman, and Kooyman, 2007; ichnogenus Ursichnus 
Diedrich, 2011 and Hippipeda Vyalov, 1965, emended 
Vyalov, 1966; ichnogenus Pecoripeda Vyalov, 1966).

SYSTEMATIC ICHNOLOGY
Ichnogenus Proboscipeda Panin and Avram, 1962

Type Ichnospecies Proboscipeda enigmatica Panin and 
Avram, 1962

Proboscipeda panfamilia McNeil, Hills, Tolman, and 
Kooyman, 2007

Fig. 7 a-c

The footprints assigned to Proboscipeda panfamilia, 
preliminarily described by Palombo et al. (2018), consists 
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of some isolated impressions (manus and pes), preserved 
as concave epireliefs, organized in a quite narrow, short 
trackway left by a young elephant that walked along the 
edge of the slope near the ancient pathway along which 
also human trackmakers walked (Panarello et al., 2017a). 
Few tracks are well preserved and show some anatomical 
details (i.e. toe/nail impressions), whereas others 
potential footprints cannot be firmly validated because 
located in an area that has undergone strong anthropic 
alteration and currently is subject to degradation, 
due to the action of surface runoff water (Fig. 7a). The 
footprints, nearly rounded to oval in shape, are preserved 
as convex hyporeliefs, bordered by more or less inflated 
and prominent pressure pads.

The best preserved footprints (M1-L, M2-R) (Fig. 7b) 
were left by the anterior feet, as the oval shape, with a 
width exceeding the length, clearly indicates. In both, the 
imprinting deepest zone corresponds to the front part, 
which is opposite of dip, following the typical elephant 
foot rotation during the event foot on - foot off. The sharp 
frontal edges of the toe impressions, particularly evident 
in M1-L, indicate the presence of nails, suggesting the 
tracks were left by a young individual (Fig. 7b). The 
nails, indeed, are usually worn down in adult elephants 
and hardly ever leave clear impressions. M2-R footprint 
presents the typical lateral expansion that is formed by 
dragging during the lifting phase of the foot at the end 
of the step.

The estimated size of the footprints M1-L and M2-R 
(length x width = 248.05x277.17 mm and 329.43x334.82 
mm respectively) support the hypothesis that it is a 
young elephant trackmaker. Based on the results of the 
analysis carried out by Palombo et al. (2018), the Foresta 
footprints should have been left by an elephant aged 4-9 
years, if female, or 5-8 years, if male, with a shoulder 
height of approximately 1.9 m and a weight between 2350 
kg (calculated using the circumference of the front foot 
derived from the size of the footprint M1-L as a variable) 
and 2600 kg (calculated using shoulder height as a 
variable) (see Palombo and Giovinazzo, 2005).

The morphology and proportionally large size of the 
footprints allow to identify them as belonging to the 
ichnospecies Proboscipeda panfamilia, to which are 
ascribed, among others, the traces of the species of the 
tribes Loxodontini (genus Loxodonta) and Elephantini 
(genera Elephas, Palaeoloxodon, and Mammuthus) 
(Shoshani and Tassy, 2005). It is, however, difficult to 
identify the species to which the elephant that left these 
footprints could belong. The analysis of the footprints left 
by current elephants on different substrates has shown, in 
fact, how, in the footprints left by the same individual, the 
traces of the nails/fingerprints could be absent or present 
depending on the type of substrate and how this character 
cannot be considered as diagnostic (Pasenko, 2017).

Some support for a hypothetical identification of the 
trackmaker of the Foresta footprints could be given by 
the fact that, during the Middle Pleistocene, P. antiquus 
was widely spread in the Italian Peninsula, particularly 

in central Italy where, in some local faunas, it was one 
of the dominant species (see, for example, La Polledrara 
di Cecanibbio, Anzidei et al., 2004, 2012; Pereira et al., 
2017), whereas the presence of the steppe mammoth, 
Mammuthus trogontherii, is documented in very few 
places (Palombo and Ferretti, 2005). To note that in 
southern Lazio and southern Italy, remains of P. antiquus 
are reported, since the last century, in most of the sites 
where the presence of H. heidelbergensis-like hominins 
is testified by the discovery of Lower Palaeolithic 
artifacts (De Lorenzo and D’Erasmo, 1932; Biddittu and 
Segre, 2009 and references therein), as well as by some 
humans remains, such as the skull found at Ceprano, a 
site close in age and geographical location to the Foresta 
ichnosite (Manzi et al., 2010, 2011; Biddittu et al., 2020). 
The hypothesis that the Foresta elephant was a young 
P. antiquus is, therefore, the most plausible, though not 
objectively demonstrable.

Finally, it is worth noting that footprints ascribed to 
P. panfamilia and attributed to P. antiquus have been 
reported in the Iberian Peninsula (Portugal, Neto de 
Carvalho, 2010, 2011; Neto de Carvalho et al., 2016; 
Spain, Valle Manzanares, Panera et al., 2014; Gibraltar, 
Muñiz et al., 2019), whereas in the islands of the eastern 
Mediterranean (Rhodes and Cyprus), the traces were left 
by endemic elephants variously reduced in size (Milán et 
al., 2007, 2015).

Assuming as true the hypothesis that the Foresta 
elephant footprints could actually belong to P. antiquus, 
they would be the only Palaeoloxodon footprints reported 
from Italy and the oldest ones of straight-tusked elephants 
known so far in Europe.

Ichnogenus Ursichnus Diedrich, 2011
Type ichnospecies Ursichnus europaeus Diedrich, 2011

Ursichnus isp.
Fig. 7f

A couple of footprints have been detected on a fine 
to coarse-grained, locally muddy horizon laying at the 
top of LS7 layer, and covered in apparent stratigraphical 
continuity, by the thin layer interposed between the 
surface of the LS7 unit and the base of the LS8 unit. 
Ongoing volcanological research will enable to better 
specify the characteristic and the chronostratigraphical 
position of this horizon.

The footprints show some similarities with those of 
the representatives of the genus Ursus, for whom the 
new ichnogenus and ichnospecies Ursichnus europaeus 
were proposed by Diedrich (2011). As highlighted by the 
German author, bear manus and pes differ in shape (e.g. 
the heel is small and ovoid in manus, large and triangular 
in pes) and proportions (with manus/pes length ratio of 
about 1:1.25), the claw impressions may be absent, mainly 
depending of the substratum, as well as the manus track 
does, depending on the quadrupedal or bipedal walking 
of the individual (Diedrich, 2011).

The Foresta footprints were impressed on a muddy 
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Fig. 7 - Foresta “Devil’s Trails” ichnosite, mammals fossil footprints. a-c) Proboscipeda panfamilia, eastern overview of the trackways 
with the footprints left by a young straight-tusked elephant (Palaeoloxodon antiquus), the box shows the footprints analysed so far (a), 
oblique photo of the left hand impression (ML-1) in which the traces left by the nails are visible (b) oblique photo of the right hand 
impression (MR-1) in which the drag-structure is visible (c), scale-bar = 10 cm; d) Hippipeda isp., southern zenithal 3D generated 
image of the trackway of footprints left by a medium-sized Equus sp., scale-bar = 60 cm; e) artiodactyl tracks, northern zenithal image 
of footprints left by a medium-sized artiodactyl, scale-bar = 10 cm; f) Ursichnus isp., footprint likely left by a medium sized bear (Ursus 
sp.), scale-bar = 10 cm.
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surface in a period immediately following the time that 
hominins and elephants crossed the palaeo-pathway. 
Mud cracks are present on both the footprints and the 
level surfaces accounting for the contemporaneity of 
traces with the level they were impressed on, and perhaps 
for limited water content of the muddy sediment. The 
best-preserved track, a sub-oval, roughly kidney-shaped 
large depression, would correspond to the manus. Five 
small oval depressions along its convex edge, i.e. in front 
of the pad, may correspond to digit impressions. Some 
pits in front of the ‘digit impression’ would corresponds 
to claw marks, considering that the claw marks of bear 
sometimes may be slightly marked if the footprint are 
left on soft surfaces. The preliminary analysis does not 
enable us to detect all the diagnostic traits and anatomical 
details required for indisputably confirming the footprint 
identification, which needs to be supported by further 
study.

Ichnogenus Hippipeda Vyalov, 1965; emended Vyalov, 
1966, p. 137
Hippipeda isp.

Fig. 7d

To the genus Hippipeda can be ascribed at least three 
well-defined footprints and some other quite badly 
preserved cavities, aligned in a short trackway, running 
obliquely along the ignimbrite slope and crossing the 
hominin Trackway B. The footprints, monodactyl, 
mesaxonic (as typical of perissodactyls, in which the 
weight falls on the central toe), subcircular, with the front 
part markedly convex that tends to expand laterally where 
the margins have a subparallel trend, are very similar to 
each other in shape and size and it is difficult, for the 
moment, to distinguish the manus from pes impressions.

The hemi-ellipsoidal shape, the remarkably deep 
anterior part, the sometimes conceivable presence of the 
V shaped frog at the rear margin of the footprint (tough 
barely discernible between the two posterior wall bars), 
indicate that the footprints have been impressed by a 
representative of the genus Equus.

The footprints have not yet been analyzed in depth. 
Therefore, the presence of anatomical details typical of 
this ichnogenus, such as the deepest curvilinear trace left 
antero-laterally by the wall of the hoof, the moderately 
connected central part corresponding to the sole, and 
the rear cuneiform inlet, with apex facing the tip, placed 
between the bars of the wall and housing the slicer (or 
fork) cannot confidently be confirmed.

Due to the very preliminary stage of the study, the 
identification has to be regarded as indicative, although 
highly probable.

Ichnogenus Pecoripeda Vyalov, 1966
? Ichnosubgenus Cervipeda, Vyalov, 1966

Fig. 7e

The best-preserved mammal footprints among those 

identified so far in the Foresta ichnosite, are a couple of 
didactylous impressions belonging to a medium-small 
sized artiodactyl.

Various ichnogeneric names have been proposed for 
artiodactyls (even toed) didactylous footprints, such as 
Pecoripeda Vyalov, 1966, Entelodontipus Casanovas and 
Santafé, 1982, and Bifidipes Demathieu et al., 1984.

Vyalov (1966) created the ichnogeneric names 
Pecoripeda and Suipeda respectively for ruminant 
and non-ruminant footprints and the ichnosubgenus 
Cervipeda for those of deer representatives. Successively, 
Demathieu et al. (1984) created the ichnogeneric name 
Bifidipes, including both cervid and bovid footprints. 
Although the name Pecoripeda has the priority, other 
name, particularly Bifidipes, have been largely adopted in 
ichnotaxonomy. To note, moreover, that the classification 
proposed by Vyalov (1966), though conceptually sound 
because based on extant animal tracks, is sometimes 
difficult to apply to the ichnofossil record. Discussion 
of the validity of the artiodactyl ichnogenera is beyond 
the scope of this research. Consequently, taking also in 
account that we used the ichnogeneric name Bifidipes for 
the Capu Mannu footprints (see above the section 2.1.2. 
for a discussion), we prefer to adopt an open taxonomical 
identification for the Foresta artiodactyl footprints.

The Foresta didactylous impressions, located in the sub-
planar area of the ancient pathway with a direction about 
perpendicular to the latter, indicate that the trackmaker 
moved towards the slope. They belong to a middle-sized 
ruminant that left the four large impressions of the left 
and right medial digit III and lateral digit IV hoof, and, 
on the back, those, smaller, of the dewclaws, the vestigial 
hooves for digits II and V (Fig. 7e). The large concave 
hyporeliefs of the two hooves, each other specularly 
arranged, show the typical elongated, sub-cuneiform 
shape with a convex, parabolic external and slightly 
concave internal contour, angled distal and wide caudal 
part. The dewclaw impressions are considerably smaller, 
nearly fused each other, and sub-quadrangular in shape.

The identification of the species to which the 
trackmaker belongs is challenging due to the similarity in 
the basic morphology, which characterizes the footprints 
left by ruminant artiodactyls of medium size, and the 
morphological and dimensional variability of footprints 
left by middle-sized cervids and bovids depending the sex 
and the age of the trackmaker, or even the traces left by a 
single individual according to the gait and the substrate. 
The difficulty in identification increase when only few 
footprints are preserved, as it is the case of Foresta. 
Based on the presence of small dewclaw impressions, the 
dimensions, proportions and shape of the impressions 
left by the digit II and V hooves, we may hypothesize the 
trackmaker was a roe deer, though such hypothesis has 
to be considered with a great caution (see discussion in 
Panarello et al., 2017a).

3.1.3. Remarks
Although not numerous and in some aspects difficult 
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to decipher, the Foresta mammalian footprints constitute 
a valuable component in the context of the Italian 
palaeoichnology because they are the only footprints 
known to date in the Italian peninsular Middle 
Pleistocene and should also be regarded as an unicum 
due to the nature and steepness of the substrate they are 
impressed on. Moreover, in the attempt to hypothesize 
what the environment of Roccamonfina could have been 
at the time that hominins walked leaving the well-known 
“Devil’s Trails” along the ancient Foresta pathway, the 
mammal fauna ichnological record would provide some 
information when data on flora and fauna are missing.

We are aware, however, that the pieces of information 
coming from the preliminary study of Foresta mammal 
footprints are not enough for inferring the basic 
characteristics of the palaeoenvironment, due to the 
uncertain identification of trackmaker species and their 
low number. The alleged presence of the European roe 
deer Capreolus capreolus, if confirmed, and of a bear, 
would imply a wooded environment, because forests are 
the preferred habitat of all the species recorded in Europe 
in the period corresponding to the end of MIS 11 and 
MIS 10 (Ursus deningeri, Ursus arctos, Ursus thibetanus). 
If, as probable, the footprints of the elephant belong to 
P. antiquus, the most congenial environment would be 
a savanna-like, a mixed woodland-grassland ecosystem, 
while if the trackmaker was a young M. trogontherii, the 
environment would be a steppe grassland. The presence 
of Equus footprints, whatever the species should be, 
indicates the presence of grasslands and open spaces 
with herbaceous vegetation. The possible presence at the 
Foresta ichnosite of mammals preferentially inhabiting 
both forest and open environments and the fact that 
hominins presence at the site is attested by the end of a 
glacial phase (MIS 10), the hypothesis of the persistence, 
in the Roccamonfina area, of forest areas, possibly mainly 
located in the valleys, and open spaces with herbaceous 
vegetation seems to be the most probable. New data are, 
however, necessary to confirm or reject this hypothesis 
as well as for a better understanding of the behaviour, in 
terms of resource exploitation and settlement choices, of 
human groups during a glacial cycle and in response to the 
peculiar stimuli induced by life in a volcanic environment 
during a cold climatic phase. During the same cold period, 
hominin groups still inhabited the nearby site of Guado 
San Nicola (Molise), where lithic artifacts document their 
prolonged presence during MIS 11-MIS 10 (between 
400±9 ka and 345±9 ka) (Pereira et al., 2016; Peretto et 
al., 2016 and references therein). The mammal remains 
found at this site belong to species inhabiting a diversity 
of environments, although wooden grassland and open 
landscape seem dominating, but mammals preferring 
closed environments are also present. The site was 
located on the banks of a river, and, according to Orain 
et al. (2013), the local humidity could have facilitated 
the persistence of localized wooded areas. The resulting 
diversity of exploitable resources, the presence of water 
surrounded by vegetation, and in turn the presence of a 

diversified fauna were undoubtedly attractive aspects for 
hunter-gatherer groups. This may be the reason of the 
long-lasting presence of hominins at Guado San Nicola, 
as well as the attendance of the Roccamonfina territory.

The ongoing studies and research will provide 
fresh clues for a better understanding the Foresta 
palaeoenvironmental context and the kind and amount 
of resources available for the hominin groups inhabiting 
this territory around 350,000 years ago.

4. CONCLUSIVE REMARKS

The Pleistocene vertebrate ichnological record of Italy 
is represented only by tracks and trackways left by large 
mammals (excluding the hominid ichnofossils) reported 
from various localities of Sardinia, Liguria, Tuscany, 
Marche and Campania ranging in age from the late Early 
to the last glacial. A number of Holocene tracks and 
trackways, mainly made by domesticated animals, have 
been reported particularly from volcanic ash deposits of 
protohistorical and historical sites.

In this research, we provide a critical inventory of the 
Pleistocene mammalian tracks and tracksways thus far 
reported from western Sardinia and from the well-known 
site of Foresta “Devil’s Trails” (Campania). Specifically, 
the vertebrate ichnofossils herein discussed originate 
from several Sardinian localities, and from the Middle 
Pleistocene ichnosite of Foresta (Campania).

The vertebrate ichnofossils of Sardinia were found 
in aeolian deposits (s.l.) mainly localized along the 
northern and western coasts of the island. Four ichnotaxa 
are reported in the Sardinian Early-Late Pleistocene 
localities: Bifidipes aff. B. aeolis in the Early Pleistocene 
dunal system of Capo Mannu (central-western Sardinia), 
and Proboscipeda panfamilia McNeil, Hills, Tolman, 
and Kooyman, 2007, Bifidipes isp. and Canipeda isp. in 
various Middle-Late Pleistocene sites.

The Middle-Late Pleistocene ichnological and 
sedimentological data provide some hints to infer the 
Sardinian palaeoenvironmental scenario at that time. 
Along the coasts, where northwestern dominant winds 
accumulated extensive dunal deposits especially during 
arid periods, herds of megacerine deer and groups 
of pigmy mammoths wandered across the wide dune 
landscape dotted with ephemeral marshes, intradune 
ponds, and coastal lagoons in search of trophic resources 
as modern Sardinian deer do still nowadays.

The Middle Pleistocene ichnorecord of Foresta “Devil’s 
Trails” consists of tracks and trackways attributable to 
four large mammal ichnotaxa: Proboscipeda panfamilia, 
McNeil, Hills, Tolman, and Kooyman, 2007, Ursichnus 
isp., Hippipeda isp., and the ichnogenus Pecoripeda (? 
ichnosubgenus Cervipeda). The Middle Pleistocene 
mammal footprints reported at the site constitute a valuable 
component in the context of the Italian palaeoichnology 
because they are the only known to date for this slice of 
time. The small Foresta ichnofossil record does provide 
enough information for any palaeonvironmental 
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reconstruction. The possible presence at the Foresta 
ichnosite of mammals preferentially inhabiting both 
forest and open spaces with herbaceous vegetation by the 
end of a glacial phase (MIS 10), may suggest, however, 
that in the Roccamonfina area some forest persisted, 
possibly mainly located in the valleys.
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