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Abstract: This research presents an in-depth analysis of large mammal remains first discovered in
1932 in the archaeological area of ancient Rome, central Italy, during the work for the opening of
Via dell’Impero (VFI). This work describes the faunal assemblage, its current preservation status,
and uses tephrochronology to assess its age. Additionally, it provides paleoecological insights into
the evolution of the mammalian fauna in Latium, central Italy, from MIS 13 to MIS 7. Analysis
of the fossils updates the identification previously proposed by De Angelis d’Ossat, confirming
the presence of Palaeoloxodon antiquus, Cervus elaphus, and Bos primigenius. However, in contrast to
the previous author, the hippopotamus remains are assigned to Hippopotamus cf. antiquus, and a
second deer is identified as Dama sp.. Furthermore, gnawing marks on the hippopotamus femur
suggest the presence of a middle-sized carnivore. Tephrochronological investigation was conducted
on pumice retrieved from the VFI fossiliferous layer and ash extracted from sediments adhering to
the fossil surfaces. The major element composition of the glass from all pumice/ash samples shows a
strong affinity with the Vico β unit, allowing correlation with the Fucino record and constraining
the deposition of the VFI fossiliferous level between <406.5 ± 1.3 ka and >405.7 + 1.5/−1.6 ka.
Radiometric dating is particularly useful for large mammal faunas of MIS 11-MIS 7, a period lacking
significant faunal renewals, as Latium mammalian faunas are often dominated by species (elephants,
red deer, aurochs) with broad chronological ranges.

Keywords: large mammal fauna; systematics; biometry; biochronology; tephrochronology; MIS 11c

1. Introduction

Precise and accurate chronology for the Quaternary terrestrial vertebrates is crucially
needed for understanding their evolution and population dynamics in relation to the
specific, regional to continental scale, paleoecological and paleoenvironmental settings and
their sensitivity to the rapid and marked cyclical climatic variability that feature this period
(e.g., [1–12], and reference therein). Furthermore, well-dated faunal assemblages can be
used to assess their spatial and temporal reliability for better disentangling the fauna’s
evolutionary dynamics in the area. Indeed, solid chronostratigraphic constraints are of
crucial relevance for refining biochronological frameworks (e.g., [13–16]).

Unfortunately, the intrinsic nature of the Quaternary sub-aerial terrestrial sedimentary
successions containing faunal remains often makes this kind of archive hardly dateable.
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This leaves large uncertainties on their age and consequently limits the wealth of the
paleontological data for comparisons, from regional to wider geographic scale, and our
understanding of the evolutionary processes and population dynamics.

The historical Campagna Romana (Rome Basin, central Italy), which includes the
metropolis of Rome and the lower course of the Tiber River valley (Figure 1), arises as a
particularly suited area for developing robust, radiometrically based chronologies for the
Middle Pleistocene mammalian faunas.
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Figure 1. Location of the investigated Via dell’Impero (VFI) faunal assemblage in the city of Rome.
The studied locality is characterized by the fluvial-deltaic system of the low course of the Tiber River
(Campagna Romana) and of the central Italy peri-Tyrrhenian volcanic system (Vulsini, Vico, Sabatini,
Colli Albani, Volsci, and Roccamonfina). The latitude refers to North, the longitude refers to East.

Three crucial factors make this region especially privileged for this purpose: (i) the
presence of paleofluvial and paleodeltaic environments, suited for sustaining rich ecosys-
tems with a wide biodiversity, including large populations of mammals; (ii) the close
proximity to the peri-Tyrrhenian volcanic system (Figure 1), which was characterized by an
ultrapotassic chemism and by intense and continuous Middle Pleistocene explosive activity
(e.g., [17] and references therein) that, due to the high content of K-rich minerals, can be
precisely dated by 40Ar/39Ar method; (iii) the proximity to the Tyrrhenian Sea (Figure 1),
the sea-level glacio-eustatic oscillations, that, combined with the generalized uplift of the
Tyrrhenian margin, drove the formation of sedimentary successions, during the progressive
phases of progradation to aggradation sea-level rising and highstands (i.e., the glacial
termination and the interglacials) and valley incision during sea-level glacial lowstands
(e.g., [18–23]). The combination of these factors ultimately results in a series of stacked
sedimentary archives related to the main glacial terminations and interglacials of the Mid-
dle Pleistocene. Fossiliferous levels containing rich large mammal faunal assemblages
(LFAs hereinafter) have been essentially found in transgressive fluvial and fluvio-palustrine
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deposits filling incised valleys (TST) and in highstand barrier island–lagoon deposits (HST)
(e.g., [24,25]). Most LFAs have been precisely chronologically constrained by means of
40Ar/39Ar dating (e.g., [26,27]), and many others have been correlated with marine isotopic
stages and substages based on stratigraphic data.

Nonetheless, no chronological and stratigraphic constraints are available for the histor-
ical record of mammalian remains (mainly elephants and hippopotamuses) collected before
the first decades of the 20th century from Campagna Romana’s deposits and, particularly,
from the metropolitan area of Rome. The purpose of this research is twofold: (i) to re-
examine the VFI mammal remains that have been recently rediscovered in the Antiquarium
Depositorium at Museo della Civiltà Romana (AD-MCR hereinafter), coupled with the
description of their current preservation status and the evaluation of their biochronological
and paleoecological significance; (2) to provide for the first time a firm chronological con-
straining via a tephrochronologic approach and, in turn, critically evaluate their implication
in the evolutionary context of Latium mammalian fauna and paleoenvironments from MIS
13 to MIS 7.

The Via dell’Impero Within the Frame of Historical Large Mammal Findings in the Rome Subsoil

Huge fossil bones have been reported since the Roman time (cfr. [28]). The drawing
“Teschio di Alifante” by the painter Filippo D’Angeli (1589–1629) (alias Filippo Napoletano)
depicts a cranium with a mandible which represents the first documented discovery of
a fossil elephant in Rome (Figure 2). Several texts, published between the 16th and 18th
century, cited the presence of fossils, which were found in the subsoil of Rome, in the
mirabilia collections of some Roman nobles, providing the first documentation of the
discovery of various fossil mammal specimens ([29–31] and references therein).
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Figure 2. “Teschio di Alifante” drawing, depicting a skull and mandible that is the first documentation
of the discovery of a fossil elephant in Rome (Filippo D’Angeli detto Filippo Napoletano—Teschio di
Alifante (Sanguigna—Lille, Musee des Beaux-Art) (Modified after [30]).

A period of widespread urbanization works, which started at the end of the 19th
century, led to the exposition of a number of stratigraphic sections and fossiliferous levels
and, in turn, to a notable increase in knowledge about the Rome subsoil’s geological setting
and its vertebrate fossil record. In the 1930s, a new phase of urban structure’s reorganization
led to a further increase in the paleontological documentation. Among the various findings,
the discoveries of the Homo neanderthalensis skulls in the Aniene river’s gravels cropping
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out at Saccopastore (e.g., [32,33]) had the largest resonance. Due to the urbanization that
characterizes the Roman area, most of the fossiliferous archives discovered during the past
two centuries have been lost or covered due to urban development, and thus are no longer
accessible (e.g., [34]). An example of this is, for instance, the Saccopastore site (e.g., [35–37]),
along with many other sites that yielded several mammal remains [38]. Among them, one of
the most iconic assemblages is that from the so-called “Via dell’Impero” (nowadays, Via dei
Fori Imperiali; VFI hereinafter) [39,40] historically represented by a skull of Palaeoloxodon
antiquus discovered a few hundred meters away from the Colosseum. The discovery of
a skull and other elephant remains (Figure 3) took place in 1932 during the works for the
opening of VFI, which caused the dismantling of the Velia hill (Figure 4) [41,42].
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Figure 3. Palaeoloxodon antiquus: Picture of the skull found in 1932 during the opening of Via
dell’Impero, as it appeared at the time of the discovery (modified after [39], Figure 1).

After their discovery, the Palaeoloxodon skull and other mammal remains were quickly
recovered to proceed with the construction of the road and subsequently stored at the
Celio’s Antiquarium. In 1939, the Antiquarium was closed and the VFI archaeological
and paleontological material transferred to the Museum of Roman Civilization. Over
the following decades, the VFI finds were forgotten, so that the fauna was considered
lost. Recently, thanks to the efforts of the Capitoline Cultural Heritage (Sovrintendenza
Capitolina), the boxes with the fossil material from VFI were identified. The mammal
remains have been partly restored and displayed to the public in 2021 and 2022 during
two exhibitions [(“La Scienza di Roma”, Exposition Palace, and “1932. Il colle perduto”,
Mercati di Traiano, (McT hereinafter)] [41].
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2. Material and Methods
2.1. Material

We studied the mammal remains stored at AD-MCR that belong to different taxa
and are mainly fragmented and poorly preserved. The richest mammal sample found
in the VFI sandy deposit is represented by the straight-tusked elephant [40]. Currently
some specimens are missing, and P. antiquus is documented only by a fragmentary skull
(AC 49015a) and a partial right tusk (AC 49015b) (both provisionally stored at Mercati
di Traiano) [42], a fragmentary mandible (AC 49015d), an isolated upper second molar
(AC 49015c), and several undetermined fragments of bones, costae, and vertebrae. The
poor preservation of these fragments, which would require a long and invasive restoration,
prevents their exhaustive description, and they will eventually be described elsewhere after
their restoration.

The family Hippopotamidae is represented by a fragmentary mandible (AC 49636a)
divided in at least three main portions ([40] Pl. III, figure c), an isolated first lower incisor
(AC 49636a), and a partially preserved femur (AC 49636b) (assigned to Bovidae by De
Angelis D’Ossat [40]: Figure 15). The family Cervidae is documented by two specimens:
a fragment of beam with a tine (AC 49638) ([40]: Figure 14) and a burr with the basal
portion of brow tine (AC 49639) ([40]: Figure 13), while Bovidae is represented only by a
calcaneus (AC 49637) ([40]: Figure 16). The studied material is impoverished and more
fragmented in respect to that described by De Angelis D’Ossat [40], in particular, concerning
proboscideans. The postcranial specimens, such as the humerus ([40]: Figure 12), ulna,
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and tibia, are missing, as are the two third upper molars belonging to the skull ([40]: Pl. I,
figure a). The mandible ([40]: Pl. IIa-b) is currently reduced to some assembled fragmented
portions. In the light of that in this work we have described and compared only two third
lower molars. A large pumice (AC 49640) ([40]: Figure 4) is also present.

Four samples of sediments were collected from the specimens studied in order to real-
ize some tephrochronological analyses. Among the faunal remains, we sampled between
100 and 200 gr of sediment from the pneumatic cavities of the occipital area of the skull
(AC 49015a) and the surface of the right tusk (AC 49015b) of P. antiquus, from the right I2
(tusk) pulpar cavity of the Hippopotamus mandible (AC 49636a), and from the surface of the
large pumice.

2.2. Methods
2.2.1. Measurements and Nomenclature of Mammal Teeth and Bones

For labeling the elephants’ chewing teeth, we adopted the nomenclature generally used
by the majority of specialists: the first three upper and lower molariform teeth, homologous
to deciduous premolar, are named DP2/dp2, DP3/dp3, DP4/dp4, and the three molars
M/m1, M/m2, and M/m3. The plates (laminae) present at the mesial (anterior) and distal
(posterior) ends of the tooth, which do not extend to the base of the crown, are known as
“talons”, while we named “platelet” the small lamella that extends to the roots both on the
posterior and anterior sides of the molar [43]. Measurements of the molariform tooth were
taken following Aguirre [44], Maglio [45], and Lister [46], with minor modifications. For
instance, lamellar frequency (F = number of enamel plates in 100 mm in teeth with a total
length ≥ 100 mm, F* = number of plates in 50 mm in teeth with a length < 10 mm) was
estimated averaging the F measured on the occlusal (Foccl), lateral (LFl), and medial (LFm)
surfaces to avoid possible mistakes due to the convergence of enamel plates towards the
top of the crown, especially in lower molariform teeth.

The description and methodology for the Hippopotamidae remains follow Mazza [47]
and Martino and colleagues [38]. Cervidae and Bovidae are measured according to Heintz [48]
and Driesch [49].

2.2.2. Quantitative Analyses

We briefly examined the VFI large mammal association in the frame of some Latium
LFAs, ranging in age from MIS 13 to MIS 7, selected among the best-known LFAs, having
some chronological constraints.

We analyze the similarity among the selected LFAs by means of the multivariate classic
cluster analysis using the unweighted pair group method with arithmetic mean (UPGMA)
algorithm [50], the Q-Mode method, and the metric and symmetrical Jaccard index of
similarity. UPGMA and Jaccard index are particularly appropriate for paleontological
analyses, basically because in UPGMA, the level at which a member (a case, i.e., a faunal
list) joins an existing cluster is based on the average similarity of all the existing members
(calculated from the original matrix of coefficients), and Jaccard index is barely influenced
by the sample size of the clustering procedure, which was repeated about 10,000 times
(bootstrap = 9999).

Statistical cluster analysis was conducted with the PAST (PAleontological STatistics)
4.16 software [51].

Principal component analysis (PCA) on the measurements of lower teeth (L m1, AB
m1, PB m1, L m2, AB m2 and PB m2) of different hippopotamus taxa was performed using
factoextra, FactoMiner, ggbiplot and ggfortify [52–56] in the RStudio environment [38,57],
following the approach used by Martino et al. (2023). Tables with all the measurements
used in the analyses are available in the Supplementary Materials (Table S1).

2.2.3. Pumice Analysis

Major and minor element composition of the investigated samples was determined
with the electron probe micro analyzer (EPMA). Analysis was performed with a JEOL JXA-
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iSP100 Super Probe installed at the Laboratory of Microanalysis and Electron Microscopy
(LAM2) of the CNR-IGAG and Earth Science Department of “La Sapienza”, University of
Rome. The JEOL JXA-iSP100 is equipped with five wavelength dispersive spectrometers
(WDS) and one energy dispersive spectrometer (EDS). Analysis was performed at 15 kV
accelerating voltage, 10 nA beam current, and 10 µm defocused beam diameter to limit
alkali (i.e., Na) mobilization and loss. The following calibration standards have been em-
ployed: quartz-NMNH (NMNH = Smithsonian National Museum of Natural History) (Si),
ilmenite-NMNH (Ti), anorthoclase-NMNH (Al), olivine (Fe), diopside (Mg, Ca), albite (Na),
orthoclase (K), apatite (P), fluorapatite-NMNH (F), sylvite-MUST (MUST = Museo Univer-
sitario di Scienze della Terra) (Cl), baryte (S), and metals (Mn). Element counting times on
the peak were 10 s (5 s on the background) for Si and Na, 30 s (15 s on the background) for F,
Cl, and S, and 20 s (10 s on the background) for all the other elements. Prior to the analytical
session, the artificial glass standards of the Max Plank Institute ATHO-G, GOR128-G, and
StHs6/80-G [58] were analyzed for quality control. Data reduction and processing was
carried out using the ZAF (Z = atomic number; A = absorption; F = fluorescence) correc-
tion, while data normalization and visualization was performed in Microsoft Excel®. We
adopted 93 wt% as a threshold for the measured total; analyses with total values lower than
93 wt% were discarded. All compositional data are shown as oxide weight percentages
(wt%) in the Total Alkali vs. Silica (TAS; [59]) classification diagram and bi-plot diagrams,
with total iron (FeOt) expressed as FeO (Fe2+) and normalized to 100% on a volatile-free
basis (i.e., excluding F, Cl, and S) for correlation purposes.

3. Results
3.1. Mammal Remains

The skull of P. antiquus and the other mammalian remains were discovered at the
bottom of Velia Hill’s slope, between the Maxentius Basilica and Temple of Venus, in a sandy
level rather rich in large pumices. The level was overlaid by a level of earthy tuff and a
bank of lithoid tuff ([39,40] Figure 2, p. 7; Figure 5, p. 13). De Angelis D’Ossat [40] provided
brief information on the preservation of some fossil remains, mainly elephant specimens,
and their distribution in the exposed surface of the sandy level. The incomplete and rather
damaged skull was found with its ventral part facing upwards. The premaxillary bones
were situated dorsally on the excavation surface, while the well-preserved and almost
complete left tusk was still inserted within the alveolus (Figure 3). The mandible, belonging
to the same individual, was found close to the skull. Unfortunately, deep fractures separated
the mandible into four large fragments and caused the loss of the anterior part of the right
molar. However, the horizontal branches were fairly well preserved, and the molars were
still in place in their sockets (Figure 5).

At the current state of the art, there is no information in the AD-MCR collection
about an isolated, fairly well preserved M2, belonging to a second elephant individual (see
below Section 3.1.1) nor about some remains (an atlas, the distal part of a left humerus, the
proximal parts of an ulna, and a tibia) that De Angelis D’Ossat [40] briefly described.

At the time of fossil recovery, the tusk was divided into two segments, and the skull
was variously damaged, mainly due to the pre-existing fractures. In particular, the anterior
portion of the maxillary bone was destroyed, and consequently, the molars separated from
the skull. Both molars were recovered and then described by De Angelis D’Ossat [40]. Skull
and mandible were further damaged during their transport to the Antiquarium and then
to AD-MCR (see [42]). The teeth of the skull are not present in the AD-MCR collection
and have been presumably lost. Conversely, the hippopotamus, deer, and auroch remains
described by De Angelis D’Ossat [40] are nearly all present.
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3.1.1. Palaeoloxodon antiquus

- Second upper molar (AC 49015c)

The morphology of the isolated elephant tooth (AC 49015c) clearly indicates that
it is an upper first (M1) or second (M2) molar due to its large size, the slightly convex
occlusal surface, the large tooth eruption angle, and the almost parallel arrangement of
plate, as well as the distal surface worn flat from the pressure of the following tooth. The
last character gives to the crown’s posterior surface an angulated outline. Moreover, the
most posterior plates do not significantly reduce their height as usually happens in the last
molar, supporting the attribution of AC 49015c to a M2, (Figures 6 and 7).

The crown of the VFI right M2 is quite well preserved, although broken in three
parts that have been perfectly reconnected to each other, whereas the roots are reduced to
some entirely missing except for a few small stubs of the most posterior ones. The tooth
is rather wide and shows a moderate posterior narrowing, as it more commonly occurs
in P. antiquus. All the preserved plates are in wear; accordingly, the crown height is not
measurable because of the lack of nearly unworn posterior plates (“zone of maximum
crown height” in [60]). The first preserved plate is worn to the dentine, though a small
segment of the enamel posterior band is still detectable. However, it is hard to distinguish
whether the most anterior worn surface should belong to a further plate or to the anterior
talon because the crown base and roots are missing. Therefore, we are unable to know the
original number of plates. The latter can be estimated if it is possible to identify either the
first unpaired root or the inter-root notch that separates the initial root from the subsequent
set of paired roots (see [60–62]). Albayrak and Lister [62] noted that in most upper and
lower last molars of British P. antiquus, two or three plates converge to the first root. The
personal observations of one of us (MPR) confirm the latter observation, highlighting the
same pattern also for some P. antiquus penultimate molars. Since the specimen preserves
11 plates plus the posterior talon, we can reasonably estimate the original number of VFI
M2 plates in 13 or more. The size indicates that it is a second molar (Table 1).
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Table 1. Tooth measurements of Palaeoloxodon antiquus molars from Via dell’Impero (VFI). Abbrevia-
tions and symbols: x, talon; p, platelet; ∞, incomplete tooth due to wear or molar break; +, incomplete
plate; >, minimum measure of incomplete tooth; -, unable to measure.

Inventory Number Unknown * Unknown * AC 49015c AC 49015de AC 49015d

Tooth M3 M3 M2 m3 m3

Side Left Right Right Right Left

Plates
Formula ∞ 15 x ∞ 13.5 x ∞ 11 x >∞ 15 ∞ +15 ∞
Total (PI) >15 >14 >11 >15 >16
in use (PlF) 15 13.5 11 14 + 15 +

Length Total (L) 275 290 239.7 325
Occlusal (LF) 250 230 223.1 297.1 300.6

Width
Crown (W) 102 100 ca. 90 ca. 99.9 ca. 101
Occlusal (WF) 100 100 89.45 87.2 87.5

Crown Height Crown (H) - - - - -
Functional (HF) - - ca 137 ca 144 -

Lamellar
Frequency

Average (F) 6- 5+ 5.33 - 4.67
Occlusal (Fo) - - 5 5 5
Labial (Fl) - - 5 - 5
Buccal (Fb) - - 6 4 4

Enamel
Thickness

Minimum (em) - - 1.71 2.07 1.94
Average (e) - - 2.55 2.79 2.85
Maximum
(emax) - - 3.48 3.6 3.8

Hypsodonty index (H/W) - - >1.52 - -
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The enamel occlusal figures permit us to easily identify the molar as belonging to
Palaeoloxodon (Figure 6). Indeed, in terms of occlusal pattern, mammoth and straight-tusked
elephant species have distinctly folded enamel and enamel figures. In VFI M2, the enamel
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occlusal figures of the plates in early wear show an annular–laminar–annular (dot-dash-dot)
pattern, which is particularly evident in the penultimate plate, 10th, and less in the 9th plate
that is slightly more worn. The enamel is rather thin, with small folds; a single large medial
fold is present on the posterior side of the 9th plate. The central, moderately worn plates are
thinly packed; the enamel is irregularly and somewhere coarsely folded with some acute
median folds; the 4th, 5th, and 6th plates are slightly curved towards the posterior side and
show a moderate expansion along the midline of the tooth, but without giving the figure
a ‘loxodont’ form. These features are not or barely present in Mammuthus trogontherii, the
only mammoth species recorded in Italy in the Middle Pleistocene, which has more densely
packed lamina, thinner enamel, minute folds, and slightly undulate occlusal enamel figures.
The latter show a dot-dash-dot pattern in scarcely worn plates and four or more rings in
those in early wear. Moreover, the dimensions of VFI M2 fall in the dimensional range of
P. antiquus specimens, in particular, the Italian ones [63].

VFI M2 shares its morphological features with the third molar of the VFI skull (FO239)
that have been depicted and briefly described by De Angelis and D’Ossat [39,40] and
described in detail by Palombo and Pandolfi [42] (Figure 8). In VFI M2 and M3, some
anterior plates are missing, while all the other plates are in use, though M3 are slightly
less worn. Therefore, the penultimate VFI molar does not belong to the skull (FO239) and
indicates the presence of a second individual.
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molars were described by De Angelis D’Ossat [40] but they have been apparently lost (modified
after [40], tav. I, figure a).

- Mandible (AC 49015d) and last upper molars (FO238/FO EX 737)

The mandible found in the VFI sandy level not far from the skull was incomplete,
lacking the symphysis and the ascending ramus from the coronoid processes to its upper
portion. Both molars were inserted in the alveoli. The mandible was fractured and divided
into four large fragments (the initial part of the left ramus mandible, the left corpus mandible
broken at the symphysis, and the incomplete right hemimandible, where the anterior
half of the mandible corpus was separated from the posterior half, including part of the
ascending ramus, by a large fracture) (Figure 5). Unfortunately, during or after its recovery,
the mandible was further damaged. The left hemimandible registered the most damage:
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the fragment of the left ramus and the anterior part of the right corpus are missing, and the
left corpus is broken in the front of the molar.

The wear pattern of last upper molars is close and consistent with the dimensions
shown by VFI M3 of the skull (Figures 9–14) (Table 1). The molars, moderately worn, are
narrow, curvilinear with the anterior part markedly projected buccally; the enamel is quite
thin; folding is rather irregular, with individual folds sometimes angulate and generally
not densely packed. In the nearly unworn plates, the enamel occlusal figures are divided
in four–five small rings. As the wear increases, the medial rings fuse together, giving the
enamel the typical ‘dot-dash-dot’ form. In the averagely worn plates, large anterior and
posterior expansions along the midline of the tooth give the lamella a ‘loxodont’ form. The
medial folds are large, frequently flanked by distinct lateral and medial subsidiary folds. In
the plates in advanced wear, the folds’ medial expansions are reduced.
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Figure 9. Palaeoloxodon antiquus: left hemimandible large fragment with the third molar (m3) (AC
49015d), in dorsal view. © Sovrintendenza Capitolina ai Beni Culturali.

The left m3 (AC 49015d) is incomplete, since the first plates were lost due to the
advanced wear that lowered the plate until the dentine. Only the posterior side of the first
plate in use is preserved, the other plates in wear are 14. The molar is almost completely
erupted, and the posterior talon is detectable, as it is in the right m3 (Figures 9–11).

In the latter (AC 49015e; Figures 12–14), the first preserved plate is broken at its
anterior side. This plate is heavily worn, with the enamel reduced to a small band at the
posterior-lateral side. The complete plates in use are 14 plus minute enamel rings belonging
to a nearly unworn plate, so that the plates were in total more than 16.

Although the buccal side of the hemimandible is largely broken and most roots are
visible, the most anterior part of the alveolus is still present. However, the first root is not
detectable, preventing us from inferring the number of lost plates.



Quaternary 2024, 7, 54 13 of 43

Quaternary 2024, 7, x FOR PEER REVIEW 13 of 47 
 

 

 
Figure 9. Palaeoloxodon antiquus: left hemimandible large fragment with the third molar (m3) (AC 
49015d), in dorsal view. © Sovrintendenza Capitolina ai Beni Culturali. 

The left m3 (AC 49015d) is incomplete, since the first plates were lost due to the ad-
vanced wear that lowered the plate until the dentine. Only the posterior side of the first 
plate in use is preserved, the other plates in wear are 14. The molar is almost completely 
erupted, and the posterior talon is detectable, as it is in the right m3 (Figures 9–11). 

 
Figure 10. Palaeoloxodon antiquus: left hemimandible large fragment with the third molar (m3) (AC 
49015d), in buccal view. © Sovrintendenza Capitolina ai Beni Culturali. 
Figure 10. Palaeoloxodon antiquus: left hemimandible large fragment with the third molar (m3) (AC
49015d), in buccal view. © Sovrintendenza Capitolina ai Beni Culturali.

Remarks

The morphology and dimensions of the skull and its tusk (Palombo and Pandolfi, in
press), those of the mandible and of isolated molars, as well as the Schreger lines and angles
patterns, perfectly fit with those of P. antiquus. The species is one of the most common
elements in the Italian LFAS during the Middle and early Late Pleistocene, in particular,
from MIS 13 to MIS 5e.

The straight-tusked elephants originated from the African Palaeoloxodon recki lineage,
whose representatives dispersed out of Africa towards Eurasia in the post-Jaramillo Early
Pleistocene. A rather advanced P. recki population was present in Israel around 0.8 Ma
(MIS 21), as testified by the incomplete skull from Gesher Benot Ya’aqov ([64] and refer-
ences therein). At that time, the Palaeoloxodon dispersal had already taken place, most
likely by the end of the Early Pleistocene, maybe triggered by the latest Early Pleistocene
cooler and dryer climatic oscillations (MIS 24-22) (cf. [10] for a discussion). The roughly
contemporaneous presence of straight-tusked elephants in Turkey at about 0.9 Ma (a last
molar from Dursunlu) [64] and in Croatia [the elephant molar ascribed to a new subspecies,
M. meridionalis adriaticus but likely belonging to Palaeoloxodon [61] supports this hypoth-
esis. The molar discovered in the Slivia LFA (northwestern Italy) [65] provides the first
reliable evidence of P. antiquus presence in Western Europe, presumably shortly before
the Matuyama–Bruhnes paleomagnetic reversal, according to the LFA putative age, based
on the Slivia small mammal association [66]. In the Middle Pleistocene, straight-tusked
elephant remains have been mostly recorded in the South European faunal assemblage.
Records of these taxa are rare in central and eastern Europe, where they have mainly
been recorded during more recent interglacial phases (from MIS 11 to MIS 7). With the
pronounced climatic warming of the last interglacial beginning (MIS 5e), the geographical
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range extended northwards as far as the 55◦ meridian, eastwards possibly as far as the 75◦

meridian, and southwards till Iran (e.g., [67], and references therein).
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The ecological adaptive flexibility of the species accounts for the wide geographic
distribution of straight-tusked elephants’ populations. Palaeoloxodon antiquus inhabited a
variety of environments. Indeed, P. antiquus remains have been reported from mildly humid
environments, warm to warm-temperate areas, and wooded ones, as well as moderately



Quaternary 2024, 7, 54 16 of 43

wooded, and sometimes rather arid, such as grasslands, as documented by the ecological
structure of LFAs, pollen, macroflora, and isotopic data (e.g., [68–74]).

Although P. antiquus populations survived even during severe Middle Pleistocene
glacial phases, they possibly reduced their presence to local suitable environments or shift-
ing their area from central to south Europe. The last glacial-marked climate change (MIS
4-MIS 2) significantly affected the straight-tusked elephant populations, their numerical
consistency, and distribution, causing local extinction. By the end of the late last interglacial,
in response to the MIS 5a climatic cooling, most populations had gradually reduced their
geographic range to core refugial areas, mainly located in southern Europe, particularly in
the Iberian Peninsula and in Italy, whereas in Greece, P. antiquus has not been reported in
the last glacial phase (e.g., [75]). During the late MIS 3 interglacial phase, straight-tusked
elephants were still present in the Iberian Peninsula (e.g., in Portugal, an unworn upper
molar plate was found, in layers dated to about 33–34 ka at Foz do Enxarrique [76]). The
possible occurrence of P. antiquus is also reported from Italy, where some remains have been
found in the Balzi Rossi, Grimaldi cave, in deposits ranging from MIS 5 to MIS 3 (cfr. [77]),
while there is no compelling evidence for the presence of straight-tusked elephants in the
Italian peninsula later than MIS 5a to MIS 4 [78]. The extinction of continental populations
presumably took place at the transition with MIS 2 since no P. antiquus remains have been
recorded so far during the Last Glacial Maximum (LGM) (about from 26 ka to 20 ka).
Conversely, its insular dwarf descendants were still present during LGM on Favignana
(20,350–19,840 cal. BP) [79] and allegedly on Tilos (Greece) until proto-historical times
(c. 4 ka, according to [80], but see [81]).

3.1.2. Hippopotamus

The hippopotamid material collected from Via dell’Impero is quite scant (Figure 15).
The best-preserved specimen is represented by a fragmented mandible, consisting of the
rostral fan, with the alveoli of the lower canines, the alveolus of the left lower first incisor,
and the section of the right second lower incisor (Figure 15A–F).

The left ramus is also partially preserved, whilst the right one only preserved the
alveolus of the second lower premolar. The alveoli of the left premolar series and the first
and second lower molars are preserved. The only tooth present is the left third lower
molar. The overall aspect of the mandible is rather slender; the rostral fan is not particularly
wide, with a small diastema between the first incisors, the first and the second incisors,
and between the second incisors and the canines. The first incisors are far larger than
the second ones and the cross-section is circular. The second lower incisors are small
with a cross-section slightly more elliptical, with the antero-posterior axis bigger than the
latero-medial one. The canines are both absent; however, the cross-section of the alveoli is
not particularly large, showing a D-cross section. The canine process is robust and rather
prominent. The symphysis is short, with a robust cross-section. The left ramus is rather
slender in lateral view. The third lower molar is unworn, the metaconid is round, tall, and
particularly large, and the protoconid is smaller with a preprotocristid connected to the
mesial cingulid. The anterior cuspids do not connect to the posterior ones. The hypoconid
is small and mostly circular with a short prehypocristulid, the entoconid is peculiarly small,
smaller than the hypoconid and mostly circular. The hypoconulid is still in the alveolus
and therefore not investigable. The cingulid is visible in the mesial portion of the tooth,
while not investigable in other views. Overall, the not fully erupted third lower molar
suggests that the hippo individual was a sub-adult. A right distal fragmented femur is
also stored at AD-MCR. The distal articulation is fairly preserved. The trochlea in the
anterior view shows clear signs of gnawing. In distal view, the medial condyle is bigger
than the lateral one. On the medial portion of the bone the tuberosity for the attachment
of ligaments is well visible, as well as the insertion rugosity of the accessory and deep
glutei. The condyles are not entirely preserved, and therefore their development is not fully
investigable. The intercondyloid fossa is narrow and fairly deep. In H. antiquus, usually
the rostral fan is less wide than in H. amphibius, similarly to the VFI specimen [47]. A less
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robust mandible is also usually more common in H. antiquus, whilst in H. amphibius, the
mandible is more robust [47,82–85]. A small diastema between the second lower incisor
and the lower canine, similarly to the VFI specimen, is more common in H. antiquus, rather
than in H. amphibius [47]. The unworn third lower molar is not particularly easy to compare
with other hippopotamids because they usually show worn-out teeth.
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Figure 15. (A–F) Fragmentary mandible of Hippopotamus (AC 49636a): (A) dorsal view of the
horizontal ramus, (A1) occlusal view of right m3, (B) lingual view of the horizontal ramus,
(C) buccal view of the horizontal ramus, (D) anterior view of the incisor corpus, (E) dorsal view of
the incisor corpus, (F) internal view of the symphyseal area; (G,H), isolated first lower incisor of
Hippopotamus (AC 49636a) in (G) lateral view, (H) anterior view; (I–L) partially preserved femur of
Hippopotamus (AC 49636b) in (I) anterior view of the trochlea, (I1) gnawing marks above the trochlea,
(J) posterior view, (K) lateral view, (L) medial view. Scale bar = 5 cm. © Sovrintendenza Capitolina
ai Beni Culturali.

The distal femur shows an intercondylar fossa is slightly inclined, as in H. ex gr.
H. antiquus [47] (Figure 15I–L). In H. antiquus, the latter feature is more stressed. Differ-
ently from the VFI specimen and the previously mentioned species, H. amphibius shows
a straighter fossa [47]. The difference in height between the medial and lateral lip, al-
though diagnostic, is not investigable since it is partially missing in the VFI specimen [47].
Morphometrically, the measurements of the LS, Bfi, and Bfo fall within the variability
of H. amphibius (see Supplementary Materials Table S1). Larger dimensions characterize
Hippopotamus antiquus. However, the dimensions available of H. antiquus are mainly from
adult specimens, since juveniles and sub-adults are not really well represented in the
fossiliferous record. As demonstrated by Martino et al. [85], the mandible in H. amphibius,
and most likely in H. antiquus, strongly changes during the ontogeny, and therefore sub-
adult individuals should have slightly smaller measurements than adults. In addition, the
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measurements taken on the mandible are most likely underestimated since the mandible
partially misses a part of the symphysis and a part of the bone where the canine erupts.
Regarding the teeth, the dimensions are hard to compare since most of them are not
preserved (see Supplementary Materials Table S1). However, the measurements of the
alveoli of the first and second lower molars are closer to the variability of H. antiquus rather
than H. amphibius. It should be noted that the dimensions were taken on the alveoli and
most likely the molars of the VFI specimen were even larger, showing values typical of
H. antiquus. The anterior breadth of the third lower molar falls within the variability of
H. antiquus, while H. amphibius teeth are usually narrower (Figure 16).
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(Table S1).

Overall, the VFI mandible shows dimensions closer to H. amphibius, while the teeth
look bigger, being more H. antiquus-like. The measurements of the anterior breadth of the
third lower molar are close to the H. cf. antiquus described from Malagrotta, while the
second VFI lower molar is peculiarly bigger than in Malagrotta [38]. However, the real
measurements of the first and second lower molars could be overestimated or underes-
timated, since the real teeth are not preserved. The PCA (PC1 62.29% and PC2 16.35%)
on the measurements of the teeth (L m1, AB m1, PB m1, L m2, AB m2, and PB m2) show
a closer affinity to the H. antiquus (see Supplementary Materials, Table S1). The positive
values of the PC1 are mostly related to H. antiquus specimens, while the negative values
characterize H. amphibius. The dimensions of the femur (BD 177 mm and DD 220 mm) fall
within the variability of H. antiquus (Figure 17). The dimensions reported by Mazza [47]
for H. antiquus (mean BD 196.42 mm, mean DD 226.64 mm) and H. amphibius (mean BD
150 mm, mean DD 179.25 mm) also support a closer affinity with H. antiquus.
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Figure 17. Scatterplot of the femoral distal breadth (BD, in mm) against the femoral distal depth
(DD, in mm) from different Hippopotamidae species. For the complete set of measurements, refer to
Supplementary Materials (Table S1).

In addition, the presence of either gnawing marks or bite marks on the distal trochlea
of the femur suggests the occurrence of a medium-sized carnivore in the VFI assemblage.
A small medial portion of the trochlea is missing. In this area, three longer and two smaller
marks can be observed. Although these marks are not particularly deep, they are easily
recognizable on the bone. The longer marks have a length of around 5 cm, whereas the two
smaller ones have a length of 3.41 cm and 1 cm, respectively. The space between each of
these marks is around 0.8 cm. Unfortunately, it is not possible to correctly identify which
predator made these traces on the hippopotamid femur. However, fossil assemblages of
a similar age described in the same geographical area suggest that the possible predator
could have been either Canis lupus, or Crocuta ssp. (See Section 4.4).

Remarks

Although the VFI material is severely fragmented, some characters, such as the small
diastema between the first and the second incisor and between the second incisor and the
canine, the slender aspect of the corpus, and the small rostral fan, are morphologically
closer to H. antiquus rather than H. amphibius [47,82–85]. The morphometrical analysis
on the teeth and on the femur also suggests a closer similarity with H. antiquus rather
than H. amphibius. The comparison of the measurements taken on the mandible is not too
reliable since the values have been underestimated. The paucity and the fragmented nature
of the VFI specimen do not allow a clear specific attribution. However, the morphology and
the morphometry suggest that this hippo was closer to H. antiquus rather than H. amphibius.
In the light of that, the VFI material can be determined as H. cf. antiquus. The presence
of H. cf. antiquus in the area of Rome around 0.4–0.45 Ma was already demonstrated by
Martino et al. [38]. Since the alleged first occurrence datum of H. amphibius in Italy has
been dated from the same geographical area around 0.5 Ma [86], most likely H. amphibius
and the last representatives of H. antiquus cohabited together before the demise of the
large European hippopotamus. The last scenario was already discussed, and, thanks to the
hippopotamid material described from VFI, found more credit.

In any case, the presence of hippopotamus within the fossiliferous level strongly
supports the presence of stable waterbodies.
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3.1.3. Cervidae

The family Cervidae is represented by a fragment of beam with a tine and a burr
with a basal portion of brow tine (Figure 18E–I). The fragment of beam displays a rough
surface, longitudinal grooves, and an elliptical cross section (transverse diameter, 37.7 mm;
antero-posterior diameter, 44.2 mm). The general features of the specimen suggest an
attribution to Cervus elaphus rather than to Dama or Capreolus. The burr is subcircular,
and the brow tine is very close to the burr. The surface of the specimen is rather smooth,
and the transverse and antero-posterior diameters of the burr are 55.1 mm and 60.57 mm,
respectively. The specimen resembles the genus Dama, but it is larger than the extant fallow
deer. Unfortunately, a firm attribution to Dama clactoniana is prevented due to the poorly
preserved conditions of the specimen.
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Figure 18. (A–D) Calcaneus of Bos primigenius (AC 49637) in (A) anterior view, (B) medial view,
(C) posterior view, (D) lateral view; (E) partially preserved beam (AC 49638) of Cervus elaphus in
lateral view; (F–I) burr with the basal portion of brow tine (AC 49639) of Dama sp. in (F) anterior
view, (B) posterior view, (H) internal view, (I) external view. Scale bar = 5 cm. © Sovrintendenza
Capitolina ai Beni Culturali.

Remarks

The Cervidae remains from VFI belong to two different taxa. The fragment of beam is
here assigned to the red deer Cervus elaphus, and the burr is instead closely related to Dama,
i.e., Dama cfr. clactoniana.

Cervus elaphus is a long-lived species in Italy during the Pleistocene, being recorded
since the end of the Early Pleistocene. The species is represented by various chronospecies,
the validity of which has been discussed by different authors [87]. The red deer is affected
by body size changes through the Pleistocene, probably due to climatic fluctuations and
population dynamics [88,89]. The occurrence of the genus Dama in Italy has been referred to
ca. 650 ka by [90] (Vitinia lower gravels). However, Breda and Lister [91] recently suggested
a close affinity of these fossil remains with D. roberti. D. clactoniana occurred in several
Middle Pleistocene localities chronologically related with Fontana Ranuccio and Torre in
Pietra FUs ([92] but see [93]) (correlated with MIS 11 and MIS 9; [26,94]). Remains of an
archaic fallow deer, D. dama tiberina, which shows a peculiar mixture of plesiomorphic and
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apomorphic features, has thus far been reported mainly from Italian sites and from Grays
Thurrock (England; but only considering evolutionary traits of some dental remains: [95]),
in particular, from fluvial-lacustrine deposits in the area of Rome chronologically related
with MIS 8.5–7 [90,95], whereas the extant subspecies, D. dama dama, occurred for the first
time at the beginning of the Late Pleistocene [90,95].

3.1.4. Bos primigenius

The auroch is only documented by a calcaneus (Figure 18A–D), being the femur
reported by De Angelis D’Ossat [40] attributable to Hippopotamus.

A bovid is only documented by a calcaneus, being the femur reported by De Angelis
D’Ossat [40] attributable to Hippopotamus. The specimen belongs to an adult individual
and is in good taphonomical condition, showing just some minor breakages on the malle-
olar articular surface and on the lateral side. It follows the typical Bovini morphology
with a robust body and a well-developed tuber calcanei with strong tuberosities. The
sustentaculum tali is connected to the body through an almost right angle, a character typ-
ical of Bos. In medial view, the anterior margin of the calcaneal body is straight and flat,
and the posterior one has a slight inclination towards the tuber calcanei. The outer mar-
gin of the sustentaculum tali is curved but does not extend anteriorly on the medial axis,
another characteristic of Bos. The articular surface for the malleolar is rounded, and the
coracoid process is not protruding above it. The articular surface for the astragalus is flat
and is mainly D-shaped/semicircular. The distal part of the tali is connected above the
cubonavicular facet through an acute angle, creating a V-shaped notch.

The VFI specimen is similar to other Bos primigenius calcaneal specimens, such as the
ones collected from the early Late Pleistocene of Avetrana, Southern Italy [96]. The latter
ones and the VFI specimen are characterized by the attachment of the sustentaculum tali to
the body through an almost right angle, the lack of the media extension of the sustentaculum tali,
and the straight and flat anterior and posterior margins. Dimensionally, the studied speci-
men (H max = 160.58 mm; TD max = 56.56 mm) is definitely smaller than the Bos primigenius
of Longhua County, China [97] and other European, late Middle Pleistocene and early Late
Pleistocene, representatives of Bos primigenius (e.g., Avetrana, Grotta Paglicci, Petralona
Cave; [98]), and it is close to the minimal values of female individuals from Lunel Viel [99].

Remarks

Bos primigenius represents a common element of the Middle Pleistocene—Holocene fos-
sil faunas of Europe and Asia. Bos primigenius occurred early in Italy at Venosa-Notarchirico,
ca. 600 ka [100,101], and it was recorded in the fossiliferous localities of the Roman area
dated around 500 ka (Valle Giulia Formation, [90]). The early Italian aurochs were smaller
and slenderer than those from the late Middle and early Late Pleistocene [96]. The species
probably originated from African species belonging to the genus Bos (see, [102,103]). This
assumption gives rise to various hypotheses concerning a possible parallelism between the
diffusion of the Bos and the development of the Acheulean culture (Mode II tools) [102–105].

3.2. Pumice Major Element Composition

Incipient alteration and diffuse microlites in the glass matrix prevented analysis for the
sample labeled MD3-Dx, and limited it for samples Mandible, Tusk-Sx, and skull (1, 3, and
9 analytical datapoints, respectively). Instead, a sufficient number of analytical datapoints,
needed to express the full geochemical variability of the volcanic products, was obtained
for the sediment samples retrieved from the Hippopotamus remains and Pumice (18 and
23 analytical datapoints, respectively).

All samples are characterized by a K2O/Na2O alkali ratio >1 (and up to >4) (Figure 19),
which can be attributed to the potassic to ultrapotassic magmatism of the peri-Tyrrhenian
Quaternary Italian volcanism. In the Total Alkali vs. Silica (TAS; [59]) diagram, the samples
plot in the phonolite, trachyte, and rhyolite fields (Figure 19).
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The pumice sample displays a homogeneous rhyolitic composition, with a mean SiO2
content of 73.40 ± 1.42 wt% (2 standard deviation), and an alkali sum (i.e., Na2O + K2O) of
9.74 ± 0.39 wt%. It has an alkali ratio of 1.82 ± 0.28, CaO/FeO ratio of 0.98 ± 0.16, and Cl
content of 0.20 ± 0.04 wt%.

The Hippopotamus sample has a bi-modal composition, one rhyolitic and one phonolitic-
trachytic. The rhyolitic component has a mean SiO2 content of 72.93 ± 2.10 wt%, a mean
alkali sum of 9.73 ± 0.75 wt%, an alkali ratio of 2.13 ± 0.62, CaO/FeO ratio of 1.00 ± 0.13,
and Cl content of 0.15 ± 0.06 wt%. Instead, the phonolitic-trachytic component mean
composition has a SiO2 content of 60.15 ± 1.58 wt%, an alkali sum of 13.28 ± 1.12 wt%, an
alkali ratio of 3.11 ± 1.66, CaO/FeO ratio of 1.07 ± 0.06, and Cl content of 0.09 ± 0.06 wt%.

Tusk-Sx composition, although represented only by three analytical datapoints, shows
a homogeneous rhyolitic composition similar to that of the pumice sample, with a SiO2
content of 75.40 ± 3.32 wt%, an alkali sum of 8.35 ± 0.84 wt%, an alkali ratio of 2.94 ± 1.75,
CaO/FeO ratio of 1.07 ± 0.09, and Cl content of 0.14 ± 0.18 wt%.

The skull sample, like the Hippopotamus sample, has a bimodal phonolitic-trachytic and
rhyolitic composition. The rhyolitic one has a mean SiO2 content of 72.55 ± 3.44 wt%, an
alkali sum of 10.03 ± 1.57 wt%, an alkali ratio of 2.35 ± 1.04, CaO/FeO ratio of 1.05 ± 0.16,
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and Cl content of 0.16 ± 0.07 wt%. The phonolitic-trachytic component instead has a SiO2
content of 61.03 ± 4.69 wt%, an alkali sum of 13.38 ± 0.69 wt%, an alkali ratio of 2.90 ± 0.55,
CaO/FeO ratio of 1.08 ± 0.18, and Cl content of 0.10 ± 0.04 wt%.

Finally, the only analytical datapoint obtained for the mandible sample suggests a
trachytic composition, with a SiO2 content of 64.62 wt%, alkali sum of 11.40 wt%, alkali
ratio of 1.81, CaO/FeO ratio of 1.04, and Cl content of 0.13 wt%.

4. Discussion
4.1. The Challenging Task of Chronological Ordering of Latium Late Middle Pleistocene LFAs

Analyzing the evolutionary dynamics of the Pleistocene large mammal fauna on a
wider scale is of crucial importance to infer the factors that regulated dispersals, diffusions,
and settlements of species in any territory [38]. This, in turn, can be used to determine the
taxonomic and structural composition of paleocommunities and mammalian assemblages
at local and regional scales. Providing a firm chronological framework of LFAs is hence es-
sential for a more comprehensive understanding of the complex interplay of the underlying
causal forces in order to distinguish, for instance, between asynchronous and diachronous
dispersal bioevents and to define local versus regional mammal diversity. This will enable
us to configure the average fauna structure in a region, such as the Italian peninsula, and its
changes over time. It will also allow us to disentangle the factors (e.g., paleoenvironmental
s.l., physiographic and geomorphologic, depositional, taphonomic, anthropic, etc.) that
might have caused significant disparities in richness, diversity, and structural composition
of coeval and geographically close LFAs.

This is in particular the case of the renewal process, started by the end of the Early
Pleistocene, that led to the configuration of the late Middle Pleistocene European fauna (the
so-called Aurelian fauna) and was completed shortly before MIS 11 [93]. This event marks
the beginning of a new climate regime (see below Section 4.3 for additional information).
The difficulty in arranging LFAs in a chronological order using only biochronological
principles or paleoecological inferences becomes more pronounced when these LFAs,
which are poorly diversified and predominantly composed of widely distributed species,
inhabited a rather small geographic area characterized by significant physiographic and
environmental variations. This applied in particular to the late Middle Pleistocene (MIS 11-
MIS 7) LMAs from Latium (Table 2). Moreover, some LFAs belong to historical collections,
and therefore most of the mammal remains were collected in localities no longer accessible.
Moreover, the stratigraphic data are either unknown or based on old stratigraphic and
geochronological knowledge.
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Table 2. Chronological ordering of large mammal faunal assemblages (LFAs) from deposits of the lower Aniene Valley, the Roman and Anagni basins,
and surrounding area (i.e., Guado San Nicola, and Ciampate del Diavolo/Foresta “Devil’s Trails”, Caserta), ranging in age from MIS 13 to MIS 7. The
selection of the previously mentioned LFAs is justified by their notable historical significance, recent studies or revisions, strong chronostratigraphic
constraints, or the inclusion of species that are relevant in terms of chronology or taxonomy. Symbols and abbreviations: ■ = confident presence;
# = cf. (confer: presence attested by remains with some but insufficient diagnostic characters);
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Table 2. Cont.

Marine Isotopic Stage MIS 13 MIS 11 ? MIS 11
(? Younger) MIS 11-MIS 10 MIS 10 MIS 9 MIS 8.5

MIS
?

8.5
MIS 7

Selected Large Mammal
Taxa

AFROTHERIA
Proboscidata

Palaeoloxodon antiquus ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
EUARCHONTOGLIRES

Primates
Macaca sylvanus sylvanus ■ ■ ■ ■

LAURASIATHERIA
Ferae

Carnivora-Caniformia
Ursidae

Ursus deningeri ■
Ursus spelaeus ■ # ■
Ursus sp. ■ ■ ■ ■

Hyaenidae
Crocuta sp. (C. intermedia vel
Cspelaea). ■ ■ ■ ¤ ■

Canidae
Vulpes vulpes # ■ ■ ■
Canis ex gr. C. mosbachensis ■ ■
Canis lupus ■ # ■ ■ ■ # ■ ■
Canis sp. ■

Carnivora—Feliformia
Felidae

Panthera spelaea ■ ■
Panthera pardus ■
Panthera sp. ■

Ungulata
Perissodactyla

Equidae
Equus sp. ■ ■
Equus hydruntinus ■ ■ ■ ■
Equus mosbachensis ■ # #
Equus ferus ■ ■ ■ ■ # ■ ■ # # ■ ■

Rhinocerotidae
Stephanorhinus hemitoechus ■ ■ # # ■ # # ■ ■
Stephanorhinus kirchbergensis # ■ ■ ■
Stephanorhinus sp. ■ ? ■ ■ ■ ■ ■
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Table 2. Cont.

Marine Isotopic Stage MIS 13 MIS 11 ? MIS 11
(? Younger) MIS 11-MIS 10 MIS 10 MIS 9 MIS 8.5

MIS
?

8.5
MIS 7

Cetartiodactyla
(Artiodactyla)

Hippopotamidae
Hippopotamus sp. ■ ■ ■ ■ ■
Hippopotamus antiquus ■ #
Hippopotamus amphibius ■ ■ # ■ ■ ■ ■ ■ ■

Suidae
Sus scrofa ■ ? ■ ■ ■ ■ ■ ■ ■ ■ ■

Cervidae
Capreolus capreolus
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Consequently, the information about the origin and age of pumices and sediments
provided by this research is crucial to correctly dating the VFI mammal assemblage, which
includes only four species with low biochronological significance. Moreover, the chronolog-
ical constraint provided by tephrochronology could confirm whether or not the fossiliferous
VFI level actually belongs to the fluvial Fosso del Torrino Formation. The last hypothesis
was supported by Mancini and colleagues [126], who analyzed the stratigraphic informa-
tion provided by De Angelis D’Ossat about the Velia and Colle Palatino hills [49,127] in the
wider context of the Palatine Hill and surrounding area’s stratigraphic framework.

4.2. Origin and Age of the Pumices

In the framework of the Italian Middle Pleistocene explosive volcanism, K-rich rhy-
olitic glass compositions are extremely uncommon (e.g., [17]). Indeed, hitherto, such
silica-high potassium-enriched pyroclasts have been documented only during the early
activity of the Vico volcano, and thus this geochemical composition can be regarded as a
significant diagnostic feature for tephrochronological purposes [128]. The early activity of
the Vico volcano was characterized by the emplacement of two main Plinian pumice fallout
deposits, Vico α and Vico β, the latter subdivided in Vico β, sensu stricto, and Vico βtop, and
two other pumice falls from minor explosive events, Vico γ and Vico δ [128,129]. Recently,
Pereira et al. [128] provided a rich geochemical dataset (glass major element composition)
for all these Vico units and precise 40Ar/39Ar dating for Vico α (414.8 ± 2.2 ka), Vico β

(406.5 ± 2.4 ka), Vico βtop (406.4 ± 2.0 ka), and Vico δ (399.7 ± 3.2 ka), setting the basis for
exploiting their geochemical fingerprinting for tephrochronological purposes.

Despite showing substantial geochemical affinity, using key major elements, especially
SiO2 and Na2O, the main Vico α and Vico β Plinian units can be reliably distinguished.
As a matter of fact, when comparing with the pumice samples extracted from the residual
sediment adhering to the surface of the investigated faunal remains, it appears quite evident
that the former are more similar to Vico β rather than Vico α (Figure 20), thus allowing
attributing the analyzed pumices to Vico β.

In the Roman area, together with Vico α and another reworked Colli Albani-Vico
pyroclastic, Vico β forms a series of tephra markers (SPF3, SPF3a, and SPF4 [128]) that are
interbedded in Tiber River fluvial-deltaic aggradational sediments formed in response to
the sea-level rise during the glacial termination V (TV) and the subsequent MIS 11c sea-level
highstand, also called San Paolo Formation (e.g., [130,131]), matching the Torrino Forma-
tion [126]. Specifically, the top of the Tiber TV-MIS 11c aggradational succession, or the
Torrino Formation, is marked by the volcanoclastic layer SPF4, dated to 403.5 ± 4.2 ka [128].
Despite the lack of recent direct stratigraphic observations on the nature of the sediments
containing the faunal remains, and in particular of the investigated volcanic material, we
can assume Vico β, 406.5 ± 2.4 ka (layer SPF3a), and the layer SPF4, 403.5 ± 4.2 ka, as
terminus ante quem and post quem, respectively, for the sediment containing the paleontolog-
ical finds. Summarizing, the large mammal remains can be reliably dated in the narrow
temporal span between <406.5 ± 2.4 ka and >403.5 ± 4.2 ka, i.e., during the second half of
the MIS 11c interglacial (Figure 21).
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4.3. Chronological, Paleoclimatic-Environmental Setting of the Via dell’Impero Mammal Remains

The MIS 11c (~426–396 ka), the first of the three substages of the MIS 11 (MIS 11c to to
MIS 11a, ~426–365 ka), roughly equivalent to the northwestern European Holstenian and
British Hoxonian terrestrial interglacials, was the longest and probably warmest Pleistocene
interglacial. It was the first interglacial following the Mid-Brunhes event that marked the
beginning of an increase in the length and amplitude of glacial/interglacial cycles and could
correspond to the end of the Early to Middle Pleistocene Transition [132]. It stands out in
Quaternary paleoclimatic history as an anomalous and enigmatic interglacial. The MIS 11c
occurred during a relatively weak boreal summer insolation, and its exceptional intensity
and long duration (~30 ka), extended for over two processional cycles (e.g., [133,134]).

Due to its peculiar and persistent warm conditions, the MIS 11c climate profoundly
influenced both marine and terrestrial ecosystems. In particular, the sea level was 6 to 13 m
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higher than present; the atmospheric CO2 concentration was extraordinary stable and high
(265–280 ppm) throughout its entire 30 ka-long duration; the sea surface temperature at
high latitudes was warm-temperate; unusual blooms of calcareous plankton were recorded,
coral reefs expanded, and the thermohaline circulation intensified (e.g., [135] and references
therein). In Europe, as in Italy, a general expansion of forests occurred (e.g., [136,137],
and references therein), but with some stadial oscillations and contractions (e.g., [138]),
during which winter precipitation and forest cover were lower to those of the Holocene
(e.g., [139], and references therein). Recent studies suggested that such peculiar sustained
and persisting interglacial conditions of the MIS 11c exerted some influence on the dynamic
of the large mammal populations (including those that inhabited the western Latium
territory and lived around the Tiber River) by promoting the development of a rich and
steady terrestrial ecosystem, which maybe also set the basis for important innovations in
the Lower Paleolithic technology [140–147].

Throughout the MIS 11c, as well as through the entire duration of the MIS 11, the eco-
logical structure of most Western Europe mammal fauna was well adapted to the region’s
mild climatic conditions, and to its expansive forested areas (e.g., [133,148], and references
therein). Some climatic stability of the Middle and early Late Pleistocene determined a
few species replacements, mainly asynchronous, and scattered moderate renewal of mam-
malian associations that makes it difficult to chronologically ordering LFAs merely on the
basis of biochronological principles. Moreover, new discoveries, the revision of taxa, and
new radiometric dating of fossiliferous levels demonstrated that some biologic chronos-
tratigraphic markers (sensu [13]), already proposed for the transition from the Galerian to
the Aurelian European Land Mammal Ages (ELMAs) [92], appeared during or before MIS
11 ([93], and references therein). For instance, Canis lupus has been recorded in the Cam-
pagna Romana at Casal Selce-Ponte Galeria (Rome), in a deposit dated at 406.5 ± 2.4 ka,
confirming the presence of modern wolf populations in Italy since MIS 11c [102].

In central Italy, detailed MIS 11c records are particularly scarce. The only complete,
high-resolution archive close to the site of the faunal finding is that from the Fucino Basin
(Figure 1), which also contains the equivalent tephra of the layer SP3, SP3a, and SP4 of the
Tiber TV-MIS 11c aggradational unit [149], thus permitting a synchronization of the records
(Figure 22). Based on this synchronization, the temporal range of the VFI fossiliferous
layer can be further narrowed between <406.5 ± 1.3 ka and >405.7 + 1.5/−1.6 ka, i.e.,
between the modeled Fucino ages of the tephra TF-116 and TF-108, correlated to Vico β

and Centogocce eruptions, respectively (Figure 22).
According to the Fucino XRF Ca record, which is a geochemical proxy of the lake

primary productivity [150,151], and thus of the temperature and precipitations, the VFI
large mammal remains deposited during a period of rapid environmental–climatic shift,
from the relatively warm and humid conditions of the interstadial at ~407.5–405.5 ka to the
drier-colder conditions of the first marked stadial of the MIS 11c at 405.5–403.0 ka, of the
Fucino Ca record (Figure 22). This rapid and relatively marked transition is also evident
in the Lake Ohrid (Figure 1) pollen profile [138], which shows a substantial drop in the
temperate trees at ~406.5 ka (Figure 22), when, according to the relative sea-level record of
the Red Sea [152], the MIS 11c high-stand peaked at its maximum, to then start declining
at ~403 ka (Figure 22). Overall, the regional and extra-regional paleoclimatic records,
coupled with the chronological data provided by the pumices analysis, might indicate
that the VFI mammals lived during the second half of MIS 11c, which is characterized
by more variable and unstable climatic–environmental conditions, compared with the
relatively steady warm-humid ones, featuring the first half of this anomalous long and
intense interglacial.
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Mammalian Fauna from Latium 
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antiquus, H. cf. antiquus, C. elaphus, a fallow deer specimen showing some similarities with 
the Clacton deer, and B. primigenius. The VFI species have little biochronological 

Figure 22. Chronological and paleoenvironmental-paleoclimatic setting of Via dell’Impero faunal
remains. (a) Origin and age of the pumice samples extracted from the sediment adhering to the
surface of Via dell’Impero mammal bones and temporal range of the paleontological findings;
(b) Stratigraphy, geochronology and sea-level indicators of the MIS 11c aggradational unit of the
Tiber River paleo-delta (from [131]); (c) MIS 11 temporal series of the calcium content in Fucino
paleolake record [151]; (d) Lake Ohrid MIS 11 pollen profile [138]; (e) Red Sea MIS 11 Relative seal
level (RSL) based on the “Red Sea method” [149].

4.4. The Via dell’Impero Mammals in Framework of the Middle Pleistocene (MIS 13-MIS 7)
Mammalian Fauna from Latium

The VFI large mammal fauna includes a few remains belonging to five species,
P. antiquus, H. cf. antiquus, C. elaphus, a fallow deer specimen showing some similari-
ties with the Clacton deer, and B. primigenius. The VFI species have little biochronological
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significance, except for the long-lasting Villafranchian species H. antiquus that has not been
certainly reported in the Latium LFAs after MIS 11. During MIS 11, H. antiquus populations
might have shared the suitable habitat with H. amphibius that seems to have already inhab-
ited the Campagna Romana ([86], but see [38], and references therein). The chronological
range of other species extends before and after MIS 11 (Figure 23).
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Figure 23. Chronological range of the large mammal species recorded in western and southern
Europe during the Middle Pleistocene (Land mammal Ages and Faunal Complex after [92] and [93],
respectively). The asterisk indicates those of the species discovered in 1932 at the Vela hill’s slope
bottom, during the excavation works for the opening of Via dell’Impero.

The VFI mammal remains were retrieved from attritional fluvial deposits, filling a
paleovalley incised into older deposits during sea and base level falls. The paleovalley is
part of a large network of diversely oriented incised valleys, whose evolution was regulated
by sea-level oscillations. These oscillations affected the base level fall and lowstand (valley
incision), and the base level rise and highstand (valley filling) in the frame of the slow
uplifting of the Basin of Rome (e.g., [24,153]).

Similarly to VFI mammal remains, most of the mammal fossil assemblages of the
Latium area were discovered within deposits filling incised valleys. Some remains were
progressively accumulated on the river bottom after short- or long-distance transport. The
transportation of these remains potentially included elements that have been reworked
from older deposits; some assemblages were the result of rapid bone accumulation as-
sociated with flooding events; other comprised remains that were accumulated within
lacustrine sediments, or in stagnant and muddy waters of swampy environments, and
rarely in peri-lacustrine deposits during minor oscillations of the lake level. Occasionally,
bones have been transported by lahars and deposited not far from the volcanic complex
where the lahars originated. Therefore, the richness, composition, and structure of LFAs
mainly depend on the nature of the deposition, the taphonomic context, and the sedimen-
tary processes that shaped the bone accumulation, burial, and preservation. The latter
factors greatly influenced the taxonomic configuration of the assemblages. However, the
fossil assemblages may not be faithful to the original compositions and structure of the
paleocommunities that inhabited the territory at the time of bone accumulation and may
vary from an LFA to another even if the structure of paleocommunities remains substan-
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tially unaltered. Sometimes, the LFA richness and diversity are particularly low, and the
fauna might consist of remains particularly resistant to potentially damaging biostratinomic
processes, such as teeth or long bones. Remains of species that had a high density on the
territory surrounding the site, such as gregarious large mammals, in particular herbivores,
might also be overrepresented in the fossil record with respect to the rare species or those
living solitary or forming small herds.

The synergetic action of several factors (e.g., depositional setting, paleoenvironmental
conditions, species ecological flexibility and requirements, and taphonomic and/or random
factors) accounts for the disparities in richness and diversity of the Latium LFAs (Table 2),
which are dominated by the most commonly found species, straight-tusked elephant, red
deer, and aurochs. The same species are recorded in the VFI LFA (Figure 24). Among
the analyzed LFAs, the richest is Fontana Ranuccio (15 species) (MIS 11c) [113], which
includes the “Galerian” species Ursus deningeri, followed by the assemblages of the lower
(12 species) and upper (14 species) fossiliferous layers of Torre in Pietra deposited during
MIS 9 and MIS 7 [26], respectively. On average, the MIS 11 LFAs are less rich than the more
recent (MIS 9-MIS 7) and a few, including the VFI one, count less than six species, which is
the minimum number of taxa recorded in the selected MIS 9-MIS 7 LFAs.
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Figure 24. Commonness of the large mammal species recorded in the local faunal assemblages
selected for this study (see Table 1). Mammal miniatures indicate the species identified in the VFI
fauna assemblage.

The effect caused by the depositional context and by related taphonomic biases may
be accountable for the commonness of the taxa recorded in almost all local assemblages,
the low number of rich and diversified faunal assemblages, and some faunal monotony.
Indeed, the cluster analysis failed to provide any clauses for chronologically discriminating
the LFAs herein examined. In the dendrogram resulting from the analysis (Figure 25), all
LFAs gather together in a single large cluster (A), except for Casal Selce 2 [103] and Via
Ostiense [112], each forming a separate branch. This result is expected since only a single
species is recorded at each site, Canis lupus and C. mosbachensis, respectively, whilst no one
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among the most common species has been recorded so far. Among these species, only
P. antiquus is recorded at the Foresta-Devil’s trails ichnosite (also known as Ciampate del
Diavolo) [154] which falls into the cluster A. However, the Foresta-Devil’s trails ichnosite
diverges from the group A1 in a separate ramus. A1 includes a large group, A1.1, from
which diverges the ramus of the MIS 13 LFA, which is retrieved from the lower levels of the
Casal Selce site. A1.1 includes two sister clusters, the very small cluster A1.1.2 gathering
only two MIS 13 LFAs, and the large cluster A.1.1.1, gathering all other LFAs. However, in
the large group A1.1.1.1, most of the LFAs ranging in age from MIS 11 to MIS 10 and from
MIS 9 to MIS 7 gather separately in the sister clusters A1.1.1.1.1 and A1.1.1.1.2, respectively
(Figure 25).
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Figure 25. Q-mode dendrogram showing the hierarchical ordering obtained for the late Middle
Pleistocene (MIS 13-MIS 7) local faunal assemblages from Latium and surrounding areas, selected
among the best-known LFAs, having some chronological constraints. Clusters are joined based on
the average distance between all members in the groups (unweighted pair-group average, UPGMA).
Black = Mis 13; Blue = Mis 11; Azure = MIS 11 or younger; Dark green = late MIS 11–early MIS
10; Violet = MIS 10; Yellow = MIS 9; Grey = MIS 8.5; Light green = MIS 7. C.Diavolo = Ciampate
del Diavolo; FoRan = Fontana Ranuccio; Mal = Malagrotta; C Lumbr. = Casal Lumbroso; GC-
Nic = Guado San Nicola; VFI = Via dell’Impero/Via dei Fori Imperiali; Pignint = Pignataro Inter-
amna; Ceprano = Ceprano CG 9–10; CC2 = Campo di Conte upper levels; Ladem = Lademagne
levels 1 and 2; Pr.Fis = Prati Fiscali; CDG = Castel di Guido; TP1 = Torre in Pietra lower lev-
els; Polledrara = Polledrara di Cecanibbio; Isoletta = Isoletta (ESR1-GA6Z-ESR4); CdP = Casal
de’ Pazzi; TP2 = Torre in Pietra upper levels; Mt.Sacro = Monte Sacro; SeDi = Sedia del Diavolo;
C.Pompi = Cava Pompi; RiFi = Rio Freddo; ClAvar = Colle Avarone; C.RinUl = Cava Rinaldi up-
per levels; CBarb = Collina Barbattini; Vaur9.2 = Via Aurelia Km 9.2; C.SelA = Casal Selce lower
levels = C.SelB = Casal Selce upper Level; V.Os = Via Ostiense.
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Accordingly, the LFA clustering mainly depends on the presence of high frequent
species whose remains are generally easily identifiable (P. antiquus, Cervus elaphus, and
Bos primigenius) more than on the fauna richness or some chronological differences among
sites. Indeed, the dendrogram does not show any reliable chronological order. Nonetheless,
the hierarchical assessment of the LFAs herein selected for the analysis reveals the tendency
to cluster separately of the MIS 13 LFA, underlining some substantial uniformity of LFAs
ranging from MIS 11 to MIS 7 (Aurelian ELMA, sensu [93]).

Moreover, the lack of studies on the autecology of taxa recorded at each site and of
stable and unstable isotope data hampers the evaluation of their putatively significant
differences among sites in different paleoenvironmental conditions (temperature, humidity,
and vegetation cover). For instance, more in-depth studies of the faunal assemblages were
done for La Polledrara di Cecanibbio and Casal de’ Pazzi LFAs [72,73]. Moreover, the com-
parison among the habit, trophic, and body mass structure of Latium LFA ranging in age
from MIS 13 to MIS 7 LFAs has evidenced a high variability among the relative abundance
of ecological groups present in each local large mammal assemblage ([155], Figures 5 and 6).
However, the comparison failed to detect any informative differences between LFAs, giving
only general indications about the presence on the territory of environments with a mixed
vegetation cover (grasslands, wooded grasslands, and woodlands). Unfortunately, data on
the Latium vegetation cover in the MIS 11 sites that yielded mammal remains do not pro-
vide further support for the LFAs paleoenvironmental reconstruction. The data available
for MIS 11 sites yielding large mammal assemblages are limited to the macrovegetation of
the Riano Flaminio (Rome) [69] and the pollen record of the lowest levels of the Isoletta’s
stratigraphic sequence (lacustrine phase, MIS 11) (Frosinone) [156]. Indeed, the data on the
pollen sequences from Fontana Ranuccio [157] and Ceprano [158] refer to levels underlying
the fossiliferous ones. The Riano Flaminio macroflora indicates the presence of a rather
dense and humid forest, while the Isoletta pollen record suggests a prevalent presence of
conifers and deciduous wooded areas, as well as some open landscapes.

All things considered, the substantial uniformity of the Latium LFAs, ranging in
age from MIS 11 to MIS 7, underlines the difficulties in detecting and defining low-rank
biochronological units (i.e., Faunal Units) for large mammalian assemblages found in
fossiliferous layers spanning a short geological time, such as the about 230 ka encompassed
by the MIS 11-MIS 7 late Middle Pleistocene (Aurelian ELMA sensu [93]). However, these
LFAs are of some biochronologic, ecologic, and ethologic relevance because they document
the contemporaneous presence during MIS 11 and on the same territory of Canis lupus and
Canis mosbachensis populations [108,112] and, maybe, that of the Villafranchian H. antiquus,
also recorded in the VFI LFA, and H. amphibius ([86], but see, [38], and references therein).
Furthermore, on the one hand, E. mosbachensis could be present till the beginning of MIS
10 (Table 2). On the other hand, LFA lists of several Latium sites, ranging in age from
MIS 11 to MIS 7, report the presence of Equus ferus. If confirmed, this would imply
the contemporaneous presences of two caballine horses at list during MIS 11. However,
most of the alleged E. ferus remains lack a formal description, and their identification is
doubtful ([159], and references therein). Therefore, the precise time of the actual appearance
in the Latium area of the latter species is unknown, though attested during MIS 9 by the
presence of a rather rich sample of E. ferus remains from the lower level of the Torre in
Pietra, for which Caloi [160,161] proposed the alleged subspecies, E. ferus malatestae.

Overall, the stratigraphic data derived from incised valley fills interspersed with
pyroclastic deposits, along with the correlation of unconformity-bounded stratigraphic
successions, radiometric dating, and tephrochronology provide significant constraints for
establishing a robust chronological framework for these LFAs. This is particularly relevant
for those LFAs that include the remains of several frequently documented species, such as
the VFI LFA.
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5. Conclusions

This research analyzes, for the first time, the large mammal assemblage discovered in
1932 during the construction work of Via dell’Impero (VFI). Some years after their rescue,
fossils and VFI material were transferred partly to the Museum of Roman Civilization,
partly to the management of the Musei Capitolini, and partly elsewhere in Rome. For a long
time, the material was apparently forgotten and believed lost by many scholars. Recently,
the Capitoline Superintendence re-discovered part of the fossil material collected at VFI,
allowing their first and detailed study [42]. The study of the fossil assemblage here carried
out updates the identification already proposed by De Angelis d’Ossat [40], confirming the
presence in the LFA of P. antiquus, C. elaphus, and B. primigenius, but attributing the remains
of hippopotamus to H. cf. antiquus and a fragment of burr to Dama sp.

Moreover, the research analyzes for the first time the composition in major elements
of a pumice retrieved from the VFI fossiliferous layers and of the ash extracted from some
samples of sediments still adhering to the surface of the mammalian bones. The integration
of geochemical data from volcanic products with faunal remains is essential for correctly
arranging the stratigraphic sequences to support the current chronological framework of the
Rome Basin LFAs. These data allow researchers to discriminate between products deriving
from well-dated volcanic events, thereby providing compelling geochronological data that
serves as a terminus post quem for the sediments and the accumulation of mammal remains.

All the herein analyzed glass of the pumices extracted from the VFI samples are
K-rich rhyolites, which is a quite rare composition within the framework of the peri-
Tyrrhenian ultrapotassic volcanism and a peculiar feature of the products of early explosive
activity of the Vico volcano. Specifically, among the two geochemically similar Vico α

(414.8 ± 2.2 ka) and Vico β (406.5 ± 2.4 ka) Plinian units, all VFI samples show a stronger
affinity with the younger Vico β unit. This, alongside the tephra correlation with the Fucino
record, allowed us to precisely constrain the VFI fossiliferous level. The latter was most
likely deposited within the short temporal range spanning between <406.5 ± 1.3 ka and
>405.7 + 1.5/−1.6 ka, in agreement with the attribution to the Torrino Formation of the VFI
levels already proposed by Mancini and colleagues [162].

The results of this research underline once again that LFAs, including taxa with little
chronological and moderate ecological relevance, can be correctly integrated within the
evolutionary and paleoenvironmental dynamics of a territory only when supported by
compelling chronological constraints. This is particularly useful in the case of large mammal
faunas of the Middle Pleistocene post Mid-Brunhes event (MIS 11-MIS 7), a period lacking
significant faunal renewals. During that time, the Latium LFAs were often dominated
by common species (elephant, red deer, aurochs) with broad biochronological ranges
and moderate ecological flexibility, requiring a multidisciplinary approach to extrapolate
paleoecological information.
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Acronyms and Abbreviation
AB anterior breath
BD distal breadth
Bfi inner breadth of the rostral fan
Bfo outer breadth of the rostral fan
DD distal depth
VFI Via dell’Impero, now Via dei Fori Imperiali
AD-MCR Antiquarium Depositorium at Museo della Civiltà Romana
McT Mercati di Traiano
F average lamellar frequency
Foccl occlusal lamellar frequency
L maximum length
LFl lateral lamellar frequency
LFm medial lamellar frequency
LS length of the mandibular symphysis
PB posterior breadth
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