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Summary - Despite ample evidence that Paleolithic humans hunted large and dangerous carnivores, 
such as lions, leopards, and bears, skeletal evidence of negative interactions with wild fauna is extremely 
rare in the Homo sapiens paleobiological record. To date, the only individual for whom an animal attack 
has been hypothesized based on their pattern of traumatic lesions is the Gravettian adolescent buried at 
Arene Candide Cave in Liguria (Northwestern Italy; 27,900-27,300 cal BP) nicknamed Il Principe (The 
Prince) due to the rich grave goods placed in the burial. Since its excavation in 1942, it was noted that 
this individual was missing part of the mandible and half of the left clavicle, leading to the hypothesis of 
an attack by a large animal, likely a bear. However, this claim was never fully investigated. We reanalyzed 
these lesions and systematically examined the skeleton for additional evidence to reconstruct the manner and 
circumstances of death. Our analysis confirmed the perimortem nature of the mandibular and shoulder 
lesions and identified other possible fractures related to the violent event in the cranium, dentition, and 
possibly the cervical spine. Additional perimortem trauma, including a linear marking on the left parietal 
and a puncture mark in the fibula, supports the hypothesis of animal mauling. Given the overall traumatic 
pattern, a bear attack - Ursus arctos or Ursus spelaeus – remains the most plausible explanation. The 
study also revealed that the Principe had sustained traumatic injuries to his feet – a fracture of the left 
little toe and osteochondritis dissecans in the right talus – which support the hypothesis that prehistoric 
foragers experienced limited survival following lower limb injuries. Despite the thoraco-facial trauma and 
disfiguring wounds, the microscopic analysis suggests that the Principe survived for a few days. The violent 
event and the long agony may have been reflected in the elaborate burial, following the presumed Gravettian 
use of formally burying exceptional individuals and exceptional events.

Keywords - Animal attack, Human-bear interaction, Perimortem trauma, Tooth mark, Gravettian, 
Violence in prehistory.
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Introduction

Skeletal evidence of trauma in the fossil record 
of prehistoric hunter-gatherers is abundant, and 
has been mostly explained as the result of accidents 
(such as falls) or interpersonal violence [Trinkaus 
and Zimmermann 1982; Trinkaus 2005, 2015; 
Belcastro et al. 2010; Trinkaus and Buzhilova 2012; 
Estabrook and Frayer 2014; Sala et al. 2015a,b, 
2016; Lahr et al. 2016 (but see Stojanowski et 
al. 2016); Beier et al. 2018a,b; Chevalier 2019; 
Knüsel et al. 2023; Sparacello et al. 2023a,b, 2025; 
Wu and Trinkaus 2015; Wu et al. 2011]. Negative 
interactions with wild animals are more rarely 
considered when discussing the possible origin 
of injuries (Berger and Trinkaus 1995; Trinkaus 
2012), although different Pleistocene Homo spe-
cies hunted large and dangerous fauna, including 
bears and carnivores such as lions (e.g. Münzel and 
Conard 2004; Kitagawa et al. 2012; Daujeard et al. 
2016; Romandini et al. 2018; Russo et al. 2023). 
Direct evidence of lethal attacks by predators is 
limited to a Neanderthal parietal fragment from 
Cova Negra (Spain) for the genus Homo, and two 
cases for australopithecines (Brain 1981; Berger 
2006). Most evidence of humans (and other fos-
sil hominins) consumed by carnivores is indirectly 
based on finding human skeletal remains showing 
gnaw marks in faunal assemblages accumulated 
by predators (review in Daujeard et al. 2016). In 
the Pleistocene Homo sapiens record, a bear attack 
or a “bad hunt” was hypothesized for l’homme du 
Bichon (Neuchâtel, Switzerland; 13,560–13,770 
cal. BP; Chauvière 2008; Jones et al. 2015), a 
young adult associated with the skeletal remains of 
a bear. However, while there was evidence that the 
bear was hunted, the interpretation of some signs 
of trauma in the human skeleton remained incon-
clusive (Chauvière 2008). The only individual 
from the Upper Paleolithic for which an animal 
attack was hypothesized based on the pattern of 
skeletal trauma is the Gravettian adolescent buried 
at Arene Candide Cave in Liguria (northwestern 
Italy) nicknamed Il Principe (“The Prince”).

The Arene Candide Cave is one of the most 
important archaeological sites in the western 
Mediterranean, thanks to the richness of its 

archaeological layers spanning the Mid-Upper 
Paleolithic to the Metal Ages. Numerous buri-
als have been unearthed therein since the sec-
ond half of the 19th century, including the 
Epigravettian “necropolis” (ca. 12,900-11,600 cal 
BP; Sparacello et al. 2018, 2021), and more than 
a hundred Neolithic burials (ca. 7300-6300 cal 
BP; Sparacello et al. 2019, 2020). The Principe 
(catalogued as Arene Candide 1; Alciati et al. 
2005; Sparacello et al. 2018) was a primary and 
undisturbed burial containing an adolescent (age 
estimates range from 14-15 to 16.4-16.7 years 
old; Paoli 1974; Sergi et al. 1974; Cowgill 2008; 
Lewis et al. 2024) dated to ca. 27,900-27,300 cal 
BP (OxA-10700 23440±190 years BP; Pettitt 
et al. 2003; Riel-Salvatore et al. 2018), which 
represents one of the most spectacular examples 
of Gravettian funerary behavior in Italy (Holt 
and Formicola 2008; Riel-Salvatore and Gravel-
Miguel 2013). The skeleton lay supine on a bed 
of red ochre, with hundreds of perforated shells 
and several deer canines forming a sort of head-
dress, along with several ivory pendants, four 
antler bâtons percés (Molari 1994; Rigaud 2001), 
and a large (23 cm long) stampien zoné flint blade 
(Arrighi and Borgia 2008; Onoratini et al. 2011) 
held in his right hand (Fig. 1, large format image 
in SI 1). Recent work has demonstrated that, 
contrary to previous assertions that it had been 
procured hundreds of kilometers away (Solas et 
al. 2016), the ochre used in the burial was of local 
origin (Rellini et al. 2025). This indicates that 
the grave goods associated with the Principe com-
bined rare, exotic items and material that would 
have been immediately available near the site.

The Principe was discovered during the fourth 
excavation campaign by Luigi Bernabò Brea, 
Luigi Cardini, and Virginia Chiappella on May 
1st, 1942. The grave was recovered at the base of 
a unit Cardini dubbed the 5th hearth of the site’s 
Pleistocene deposits, corresponding to Level P10 
in the site’s synthetic stratigraphy compiled by 
Bernabò Brea and Cardini (Bietti and Molari 
1994). This level is a few thousand years older 
than the burial itself, which corresponds in age to 
overlying Level P9, a fact that is the result of the 
occupants of Level P9 having dug a shallow pit to 
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inter the Principe in Level P10 (Riel-Salvatore et al. 
2018, 2023). Geoarchaeological and micromor-
phological investigations reveal that both levels 
P9 and P10 comprise mainly alternating, partially 
folded lenses of black and red sediment caused 
by shifts in accumulations of bat or bird guano 
and reddened iron-rich deposits that accumu-
lated under conditions of arid periglacial climate 
associated with only punctual, episodic use of the 
cave by humans (MacPhail et al. 1994; Rellini et 
al. 2013). This provides circumstantial evidence 
that the burial of the Principe probably marks the 

moment in which the Arene Candide were estab-
lished as a ritually important landmark for the for-
agers of the region, as also indicated by the recov-
ery of other decorated items in coeval Gravettian 
deposits (Riel-Salvatore et al. 2018, 2023; see also 
Riel-Salvatore and Gravel-Miguel 2013). 

From the moment he was discovered, it was 
proposed that the Principe had suffered a signifi-
cant traumatic event around the time of death 
(Cardini 1942). The field diaries report damage 
to the left scapula, left humeral head, the lack of 
the lateral portion of the left clavicle (May 16th, 

Fig. 1 – A: Geographic location of Arene Candide in northern Italy, with the Liguria region high-
lighted in red. B: Zenithal view of the “Il Principe” burial, as displayed at the Museo di Archeologia 
Ligure, Genova Pegli. The photogrammetric model was created for this study. C: a view of the east-
ern hall of Arene Candide Cave. 
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diaries of the fourth campaign), and the absence 
of a portion of the mandible (May 19th). Of the 
left half of the mandible, only the superior por-
tion of the ascending ramus was present, the 
mandibular condyle still in articulation with the 
temporal. The right portion of the mandible was 
complete from the ascending ramus to the first 
molar, while the other teeth of the right hemi-
mandible – from LRP2 to LRI1 – sat in a dam-
aged alveolar fragment, with the lower portion 
of the mandibular body, including the mental 
eminence, missing (Fig. 2). Damage to the cervi-
cal vertebrae was also reported (Cardini 1942). 
Moreover, a large lump of yellow ochre was 
placed in the vacant hole left by the missing or 
damaged skeletal elements: between the neck, the 
left shoulder, and the mandible. Cardini hypoth-
esized that the purpose of the yellow ochre was 
to “cover the vast lesion that must have horri-
bly disfigured the deceased” (translation from 

Cardini 1942, p.21) or to take advantage of the 
cauterizing properties of this substance. Sergi and 
colleagues hypothesized that the young man may 
have been attacked by a bear or a big cat (Sergi et 
al. 1974, p.21). Over the years, the idea that this 
Gravettian adolescent was killed during a hunting 
accident has become the prevailing narrative in 
local museum displays and publications intended 
for the general public. However, the lesions were 
never described in detail in a dedicated publica-
tion, nor have the manner and circumstances of 
his death been properly discussed based on this 
evidence. Additionally, in a review on Italian 
Upper Paleolithic burials, it was reported that the 
lesions in the Principe had begun to heal, implying 
that death may not have been immediate (Mussi 
et al. 1989). However, the basis for this claim was 
not explicitly detailed, nor was the vitality of the 
lesions and the timing of healing critically exam-
ined. This assertion was subsequently repeated 

Fig. 2 – Left, the area affected by the thoraco-facial trauma, with the reconstructed cap of shells and 
the lump of yellow ochre below the mandible, as displayed today. Right, excavation picture of the same 
area (Archives of the Soprintendenza Archeologia Belle Arti e Paesaggio per la Liguria, Genova, Italy).
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in later publications (Mussi 2001; Pettitt 2012), 
contributing to ongoing uncertainty regarding 
the precise circumstances of the Principe’s death, 
particularly among the international scientific 
community, which may not have access to the 
original Italian sources.

In this paper, we report on our recent obser-
vations made on the Arene Candide 1 skeleton 
more than 80 years after its discovery: we docu-
mented the lesions reported in the literature and 
analyzed them under magnification, and we sys-
tematically investigated the skeleton in search 
of further elements that could add to the recon-
struction of the manner and circumstances of 
death. In particular, we aimed at: 1) document-
ing the fractures and assessing their compatibility 
with perimortem trauma, as opposed to tapho-
nomic damage; 2) replicating and properly docu-
menting the observations made in previous stud-
ies regarding a commencement of the healing 
process; 3) searching for other lesions that would 
be expected in the context of an animal attack, 
such as bite and scratch marks; 4) analyzing the 
resulting pattern of injuries and determining the 
plausibility of the animal attack hypothesis as 
opposed to other kinds of trauma.

Materials and methods

The Arene Candide 1 burial is on display at 
the Museo di Archeologia Ligure of Genova Pegli. 
Therefore, observations were made on bones in 
situ by momentarily removing selected elements 
from the display. Skeletal elements were visually 
analyzed under optic magnification and photo-
graphed with NikonTM AF-S DX Micro Nikkor 
40mm f/2.8G and Laowa Venus Optics 25mm 
f/2.8 2.5-5x Ultra Macro lenses. With the lat-
ter lenses, photo stacking of ca. 30 images per 
subject was performed using Helicon Focus 8 (© 
Helicon Soft Ltd 2000).

Three-dimensional surface models of 
selected elements were created via photo-
grammetry and structured light scanning 
(3D surface models are available online in the 
MorphoSource project “The Arene Candide 

3D Database” https://www.morphosource.org/
projects/00000C206?locale=en). Due to the 
ubiquitous coverage of red ochre and the risk of 
irreparably compromising the integrity of the sur-
face, it was not possible to take silicon impressions 
of the lesions for study under SEM or confocal 
microscope. Owing to similar curatorial reasons, 
some skeletal elements (such as ribs, thoracic and 
lumbar vertebrae) were not removed from the dis-
play and therefore were not examined.

Several sources were employed to recognize 
the origin of numerous taphonomic marks left 
on the skeletal remains of the Principe (Haglund 
and Sorg 1997; Pokines and Symes 2014; 
Fernández-Jalvo and Andrews 2016; Schotsmans 
et al. 2017). For fractures, since we could not 
apply histological methods (Cappella and 
Cattaneo 2019), we relied on macroscopic fea-
tures. Fractures on fresh (or “green”) bone, which 
typically occur peri-mortem, are characterized by 
smooth, curved surfaces, spiral or oblique frac-
ture angles (often around 45°), and the presence 
of plastic deformation or hinging due to retained 
collagen and moisture content (Villa and Mahieu 
1991; Sauer 1998; Wedel and Galloway 2014). 
In contrast, fractures on dry bone – commonly 
associated with postmortem, taphonomic break-
age – tend to have right-angled or transverse 
break planes, sharp or jagged edges, irregular 
outlines, and brittle fracture surfaces lacking any 
plastic deformation. Additionally, dry bone frac-
tures may exhibit differential coloration at the 
break edge compared to the surrounding surface. 
Distinguishing between taphonomic breakage 
and fractures on fresh bone is critical in this kind 
of archaeological forensic investigations, however 
its interpretation should be cautious because a 
variety of taphonomic processes could mimic 
fresh bone fractures, especially if they occurred 
not long after burial (Sauer 1998; Knüsel 2005; 
Ubelaker and Montaperto 2014; e.g. Sparacello 
et al. 2023a).

Recognizing signs of carnivore activity is 
equally important in this context. Both teeth 
and claws can leave an array of different marks 
on bones, which are classified based on their 
appearance and depth. Tooth marks on bone 

https://www.morphosource.org/projects/00000C206?locale=en
https://www.morphosource.org/projects/00000C206?locale=en
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surfaces are typically categorized as pits, punc-
tures, scores, and furrowing (Maguire et al. 
1980; Haynes 1980; Binford 1981; see review 
in Sala and Arsuaga 2018). Pits and punctures 
result from the pressure exerted by a tooth 
against the cortical surface of the bone; the dis-
tinction between them lies in depth: punctures 
penetrate the cortical bone, while pits do not 
(Sala et al. 2014b). Scores are elongated grooves 
created by the dragging of a tooth cusp across the 
bone surface, generally exhibiting a U-shaped 
cross-section with a flat base. Furrowing, on the 
other hand, is associated with carnivore gnawing 
behavior and involves the removal of cancellous 
bone tissue. This type of damage can vary in 
intensity, ranging from light to heavy, depend-
ing on the extent of the cancellous bone that has 
been extracted (Haynes 1982). In contrast, claw 
marks – though less common – are generally 
more superficial and linear, lacking the depth or 
crushing associated with tooth impressions, and 
may occur in parallel sets indicative of grasping 
or scratching behavior (Haynes 1983; see Sala 
et al. 2024). Different papers report metric data 
on tooth mark analyses of several taxa, allowing 
for an attempt to identify the animal responsi-
ble for the marks (review in Sala and Arsuaga 
2018). However, the wide variety of analytical 
methodologies applied, particularly concerning 
the metric parameters of tooth marks, can some-
times complicate direct comparisons between 
archaeological specimens and existing published 
data (Sala and Arsuaga 2018).

Results

A new look at known lesions
Before being re-assembled in the display at 

the Museo di Archeologia Ligure shortly after the 
end of the Second World War, the skeleton was 
restored with ample use of different types of resin 
and glue. This makes the visual examination of 
certain bone fractures and possible lesions very 
difficult to impossible; the following observa-
tions should be considered tentative and inter-
preted with caution.

Possible perimortem comminuted fractures 
were reported by Cardini at the left humeral 
midshaft during excavation (May 19th, 1942); 
however, the thorough restoration of the area 
makes it impossible to examine. From what can 
be surmised from the excavation photos, the 
fracture margins seem most compatible with 
taphonomic damage, as they appear jagged, lack 
curvilinear or spiral fractures, and the fractured 
cortical bone appears lighter than the surface 
(Fig. SI2; Sauer 1998; Knüsel 2005; Ubelaker 
and Montaperto 2014). Similarly difficult is a 
systematic evaluation of craniofacial fractures, 
which could be expected if part of the mandible 
was indeed lost due to trauma. Excavation pic-
tures show the fractures before restoration only 
on the right side of the cranium. The fractures 
on the right parietal seem to have occurred on 
dry bone, given their straight appearance with 
abrupt changes in direction, and were probably 
caused by the weight of the stones and sediment 
placed on the cranium (Figs. 2 and SI3). No 
excavation pictures allow for an evaluation of the 
fractures on the left side of the cranium, which 
can therefore only be evaluated on the restored 
specimen. On this side, fractures follow a pat-
tern that can be observed in the context of mas-
sive craniofacial trauma (Fig. SI4a,b; cf. Fig. 1 
in Ueda et al. 2021; cf. cover image of Grauer 
2023): departing from a depressed area above the 
glabella and the left supraciliary arch, radiating 
fractures extend vertically, following an area of 
weaker buttressing proposed by experimental 
research (Gurdjian et al. 1953; Gurdjian 1975; 
Galloway and Wedel 2014, p.142), and hori-
zontally through the frontal, as seen in various 
cases of blunt force trauma (e.g. Sparacello et al. 
2023 and references therein). In the left occipi-
tal, an area delimited by a vertical curvilinear 
fracture and the temporomastoid and parietal 
sutures appears plastically depressed (Fig. SI4c, 
d; cf. Kimmerle and Baraybar 2008, p.158). The 
margins of these fractures appear sharp and cur-
vilinear as would be expected in a context of peri-
mortem trauma; however, the heavy use of plas-
ter and glue hampers a more detailed analysis, 
and makes it impossible to evaluate the presence 
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of beveling. To confirm this interpretation, it 
would be necessary to apply techniques enabling 
a more detailed assessment of lesion margins 
and patterns, such as high-resolution computed 
tomography and segmentation based on density 
contrasts (e.g. Wo et al. 2011; Kranioti 2015; 
Coqueugniot et al. 2020; Sala et al. 2024).

Early publications reported damage to the 
left shoulder (humeral head, clavicle, and scap-
ula), cervical vertebrae, and mandible (Cardini 
1942; Sergi et al. 1974). Cardini (1942) also 
mentioned a crushed upper left maxillary molar. 
Due to curatorial reasons, the scapula could not 
be unearthed from the reconstruction of the bur-
ial on display; however, the portion that emerges 
from the soil does not show signs of trauma. All 
the cervical vertebrae are fractured in the ante-
rior and left portion, and portions of the body 
and transverse process are missing. When the 
vertebrae are articulated, the pattern of bone loss 
is coherent amongst segments, and is compat-
ible with a single agent exerting damage on the 
neck region (Fig. SI5). Similar injuries have been 
reported in clinical literature as a consequence of 
violent compression of the spine during motor 
vehicle accidents and falls, resulting in the crush-
ing of several adjacent vertebral bodies (e.g. 
El-Faramawy et al. 2012; McMordie et al. 2023). 
However, determining whether the damage is of 
taphonomic or perimortem origin – or even the 
vitality of the lesions (Cappella and Cattaneo 
2019) – is challenging due to the glues and con-
solidants used in this region (probably during 
the excavation), which hardened the fine soil 
that filled the trabecular bone. Thanks to field 
documentation, we can observe that the damage 
was present at the time of the excavation (Fig. 2): 
the picture as well as the diaries, which are very 
detailed regarding the clearing of this part, do 
not support the presence of a taphonomic agent 
that could have produced the damage, such as a 
rock wedged in the area around the neck. 

Clearer evidence on the nature of the bony 
damage comes from the humeral and especially 
clavicular damage. The clavicle displays a trans-
verse irregular breakage with collapsed margins, 
while the humeral head is partially missing. 

Although taphonomic loss of trabecular bone is 
present in the humeral head, high magnification 
imagery shows the smoothing and rounding of 
trabeculae that were most likely broken around 
the time of death and resorbed by the osteoclas-
tic activity initiated by the inflammatory reaction 
(Cappella and Cattaneo 2019; Fig. SI6). Another 
insight into the vitality of the lesions comes from 
the presence of unevenly distributed new bone 
formations, which are limited to the spongy bone 
and do not extend for more than a couple of mil-
limeters in thickness (Fig. SI6). This is particularly 
evident in the clavicle, where this limited bone for-
mation incorporates fragments of crushed bone 
(Figs. 3 and SI7). High-magnification images 
reveal resorption and remodeling of the original 
trabeculae, with newly formed woven bone seam-
lessly continuous with their surfaces, underscor-
ing the structured, biologically mediated process 
of osteogenesis distinct from amorphous deposi-
tion of carbonate concretions such as Mondmilch 
(carbonate spherulites) formations (Figs. 4 and 
SI7-9; cf. Kramar 2008). In the cortical bone, 
only slight bone resorption can be appreciated, 
and the complete absence of proliferative bony 
reaction indicates that the observed process is not 
the result of initial subperiosteal new bone for-
mation (Boyd 2018) – indeed no callus can be 
observed – but in fact constitutes an example of 
inter-trabecular bone formation (Sandberg and 
Aspenberg 2016). This healing process is specific 
to cancellous bone healing, and – as opposed to 
endochondral ossification typical of shaft frac-
tures – acts via membranous bone formation 
following inflammation, with mesenchymal cell 
condensing forming osteoid, which becomes 
woven bone. This process is limited to a couple 
of millimeters from the damaged trabeculae, but 
it occurs quickly as the entire volume around 
the wounded area undergoes osteoid formation 
(Diamond et al. 2007; Aspenberg and Sandberg 
2013; Chen et al. 2015; Sandberg and Aspenberg 
2016). Experimental studies show that a few mil-
limeters hole drilled into cancellous bone can be 
filled with new tissue in less than a week, about 
three times faster than endochondral healing of 
shaft fractures (Sandberg and Aspenberg 2016).
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The observation of similar bony reactions 
in the largest portion of the surviving mandible 
(the right portion) – which displays a transverse 
irregular breakage with collapsed margins, simi-
lar to the clavicular damage – is hampered by the 

heavy use of consolidants and plaster. However, 
intertrabecular bone formation can be observed 
in the preserved portion of the left mandibular 
ramus, albeit it was difficult to document due to 
the morphology of the area (Fig. 5).

Fig. 3 – A: Superior view of the remaining portion of the left clavicle; scale in cm. B – Detail of the 
crushed area, showing intertrabecular ossification; scale in mm.
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The only tooth showing significant damage is 
the upper left second molar (ULM2), with a miss-
ing crown due to a complete fracture while the 
roots remained in the alveolus (Fig. SI10). The 
other preserved teeth are in a good state of conser-
vation, showing only minor taphonomic cracking. 
The resins and glue used for the restoration were 
also applied to all dental crowns, embedding soil 
and yellow ochre beneath the adhesive layer. The 
same treatment has been applied to the roots of 
ULM2, making it challenging to observe the frac-
ture and determine whether it occurred during the 
individual’s life, perimortem, or postmortem (due 
to taphonomic or excavation damage). However, 
considering the presence of ochre on the occlusal 

surfaces of the roots and its abundance on the pos-
terior teeth of the same arch, a postmortem origin 
can be excluded. Furthermore, it should be noted 
that Cardini observed the absence of the dental 
crown in 1942, which indicates that the dam-
age is not related to excavation. Based on what 
we observed, the absence of the crown does not 
appear to be due to dento-alveolar pathological 
conditions such as caries, but rather the result of 
a tooth trauma at the level of the cervix. The gloss 
observable on the root’s surfaces do not associ-
ate with masticatory or extra-masticatory wear, 
but instead with the presence of consolidants. 
The absence of wear thus suggests that the dental 
trauma likely occurred around the time of death. 

Fig. 4 – The crushed portion of the left clavicle; high-magnification images obtained through macro-
photography and photo stacking. A: The crushed area with squares indicating the magnified portions. 
B: magnification of the area indicated by the red rectangle, showing rounded margins of the cortical 
bone, including of the embedded fragment, and intertrabecular ossification; C: further magnification 
of B, showing resorption and remodeling of trabeculae, and newly-formed woven bone seamlessly 
continuous with their surfaces; D: magnification of the area indicated by the blue rectangle, showing 
woven bone forming below and embedding the crushed fragments of cortical bone.
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New evidence: grooves and puncture marks
Hundreds of small and microscopic grooves, 

scratches, and punctures dot the cranium of AC 
1 which, like the rest of the skeleton, is covered 
with a layer of ochre and various types of glues, 

plasters, and hardened soil. Most of these traces 
can be attributed to taphonomic processes, while 
others are probably due to handling after initial 
restoration. In particular, a set of linear marks in 
the frontal and parietal bones could be mistaken 

Fig. 5 – The surviving mandibular and dental elements. A: Right portion of the mandible, showing 
the buccal view, the occlusal view of the molars, and a lingual view of the fractured area; scale in 
cm. B: Surviving anterior dentition, in labial, occlusal, and lingual views; scale in cm. C: Surviving 
fragment of the left mandibular ramus (scale in cm), and in detail the fractured area (scale in mm).
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for cutmarks, but closer observation showed that 
both the bone and the plaster were scratched 
by the same marks, confirming its recent origin 
(Figs. SI11-12). We hypothesize that the damage 
occurred shortly after the restoration, probably 
due to the use of a craniometer (e.g. White and 
Toth 1989).

However, one linear mark on the left pari-
etal, about 10 mm long and 1.8-2.2 mm wide, 
with a U-shaped section and depth of about 1 
mm (Figs. 6 and  SI13), appears compatible with 
a perimortem lesion. Plastic deformation of the 
cortical surface, with the formation of a rounded 
edge, is visible in the inferior margin of the mark 
(with respect to the anatomy of the cranium; 
Fig. 6b, lower arrow, and Fig. SI13). No trace of 
bone remodeling can be discerned. 

The shape of the groove is not compatible 
with the action of knapped lithic instruments, 
as it lacks the sharp V-shaped cross-section and 
the characteristic slicing of the cortical surface 
into planar facets along one or both edges, which 
are typically produced by stone tools (Greenfield 
1999; e.g. Sparacello et al. 2025). Insect and root 
activity is also unlikely, given that the mark is a 
single, relatively large, regular, linear groove and 
lacks the multiple irregular etchings, branching 
patterns, and surface erosion commonly associ-
ated with such biogenic agents (Behrensmeyer 
1978; Kaiser 2000; Backwell et al. 2012; 
Fernández-Jalvo and Andrews 2016). Abrasion 
by dragging can be excluded as well, due to the 
constant width and U-shaped morphology of the 
lesion, and to the fact that Arene Candide is an 
undisturbed primary deposition. Scavenging by 
a carnivore can be also excluded given that the 
mark was found below the undisturbed covering 
of shells that formed a sort of headdress in the 
Principe (Figs. 2 and SI3).

Still, carnivore activity remains the most likely 
explanation. It can be hypothesized that the mark 
represents a score (i.e., a groove that does not 
affect the cancellous bone; Sala et al. 2014) pro-
duced either by the cusp of a tooth or by a claw 
swipe. Differentiating between these possibilities 
is challenging, as both interpretations present 
issues due to the isolated nature of the mark and 

the impossibility of cleaning and analyzing its 
ochre-filled bottom to determine whether stria-
tions are present. The breadth of the groove falls 
within the range of scores measured on thin cor-
tical bone attributed to carnivore tooth marks, 
including bears, in the hominin assemblage from 
Sima de los Huesos (Sala et al. 2014; see also Sala 
and Arsuaga 2018, 2024). However, the dimen-
sions of the scores present significant overlap, 
making it impossible to use size as a criterion for 
taxonomic identification (Selvaggio and Wilder 
2001; Domínguez-Rodrigo and Piqueras 2003; 
Sala et al. 2014). A claw swipe is another ten-
tative explanation (e.g. Sala et al. 2024), as the 
groove is isolated and cannot be compared with 
additional data beyond its width. The presence 
of a frayed or bifurcated termination at one end 
of the score (the upper end with respect to the 
anatomy of the cranium; Figure 6b, upper arrow, 
and Figure SI13) appears more compatible with 
a claw mark, as keratin claws are more prone to 
flexing, splintering, or catching on the bone sur-
face, producing irregular or split traces, whereas 
scores caused by dental cusps are expected to 
leave more regular and sharply defined termina-
tions. However, albeit carnivore activity is the 
most likely interpretation, the identification of 
the groove as a claw swipe remains highly tenta-
tive and cannot be definitely confirmed without 
further microscopic analysis.

The mark described above crosses another 
longer, shallower, and sinuous groove that runs 
from the mid-parietal to the beginning of the 
zygomatic process in the left temporal bone (Fig. 
6c). This is the impression of the parietal branch 
of the superficial temporal artery and vein, a 
relatively common anatomical trait. Similar 
intersecting grooves are present in the right por-
tion of the frontal, where one could expect to 
see uncommonly large non-metric traits in the 
form of frontal grooves and foramina (Fig. SI11, 
red arrow; Mann et al. 2016, p.16; Sparacello et 
al. 2023a).

Away from the cranium, in the lateral aspect 
of the distal right fibula, a teardrop-shape depres-
sion can be observed (7.8 mm length, 5.2 mm 
maximum width, ca. 2 mm maximum depth), 
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Fig. 6 – The linear groove in the left parietal. A: Left view of the cranium; the arrow indicates the 
position of the groove; scale in cm. B: magnification of the groove; scale in mm. The top arrow indi-
cates the frayed appearance of one end of the groove, while the bottom arrow indicates the margin 
that show a plastic rounding of the cortical bone. C: Another view of the groove, indicated by the 
arrow, showing the intersecting vascular impression.
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with depressed cortical bone covering its bot-
tom and walls (Fig. 7). Similar lesions can be 
caused by taphonomic processes, such as small 
pebbles pressed against the cortical bone, more 
commonly during trampling events in coarse 
sediments. However, the burial appears undis-
turbed, and no other sign of trampling is present 
in the skeleton (such as striae and drag marks). 
Furthermore, under optical magnification it is 
possible to observe the initial rounding of the 
exposed trabecular bone due to the inflammatory 
process (Fig. 7). This perimortem lesion does not 
show other signs of healing and appears to have 

been created by vertical compression by a cone-
shaped object, such as a tooth (cf. Fernández-
Jalvo and Andrews 2016). 

Other previously undocumented lesions
The left fifth proximal pedal phalanx pre-

sents a healing fracture, with the formation of a 
relatively large hard callus (Fig. 8). Rather than 
a complete shaft fracture, it appears to have 
been a crushing fracture that involved the lateral 
and proximal portion of the phalanx diaphysis, 
while the proximal epiphysis remained undam-
aged. Conversely, the lateral aspect of the distal 

Fig. 7 – A: The location of the puncture mark in the right fibula; scale in cm. B: Magnification of the 
puncture mark; scale in mm.
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Fig. 8 – Proximal fifth left pedal phalanx, evidencing the traumatic lesions and callus formation; 
scale in mm. Left, dorsal view; right, plantar view.

Fig. 9 – Inferior view of the right talus. The arrow indicates the position of the lesion compatible 
with osteochondritis dissecans. Scale in cm.
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epiphysis is damaged. Phalangeal fractures are 
quite common in the literature and are usually 
due to “stubbing” the toe against an immovable 
object; treatment usually consists in strapping 
the affected toe to the adjacent one (e.g. Waters 
et al. 2020). Based on the appearance of the bony 
callus, the healing process was in the “consoli-
dation” phase (e.g. Lovell 1997), i.e. the injury 
occurred from a few weeks to a few months 
before death.

The right talar anteromedial calcaneal articu-
lar surface shows a round (diameter ca. 10 mm) 
defect of the cortical bone that exposes heavily 
remodeled cancellous bone (Fig. 9). The appear-
ance is consistent with osteochondritis dissecans, 
a lesion of the cartilage and underlying subchon-
dral bone, that is usually due to trauma and 
repetitive, excessive compression of the joint, and 
occurs more frequently in adolescents and young 
adults, especially males (Resnick 1995, p.3589; 
Ortner 2003; Yanagisawa et al. 2021). After the 
lesion occurs, a necrotic free body of cartilage and 
bone is formed, which plugs the lesion or becomes 
loose into the joint cavity, causing discomfort and 
pain. Most of these lesions occur in the knee joint, 
while the subtalar joint is rarely affected (Elias et 
al. 2007; Yanagisawa et al. 2021).

Discussion

The examination of the lesions visible in 
the cranium and postcranium of the Principe of 
Arene Candide suggests that this young forager 
suffered from a massive perimortem shoulder 
and maxillofacial trauma, which resulted in the 
loss of part of the left mandible, clavicle and 
humeral head, and probably in fractures to the 
cervical spine, and to the left portion of the fron-
tal and occipital bones. We can assume that other 
minor perimortem lesions – such as the linear 
markings in the left parietal, dental avulsion, and 
the bite mark in the fibula – occurred in the same 
circumstances. Several other small damages and 
marks can be observed throughout the skeleton 
but are less clear and may have been significantly 
obscured by the restoration processes. Overall, 

when considering the nature and pattern of 
the most obvious lesions, they depict a realistic 
scenario of fatal mauling by a large carnivore. 
Other interpretations – such as a fall from height 
or interpersonal violence – are either lacking or 
appear less parsimonious. In fact, the Principe 
does not display other lesions that would be 
expected in a fall, such as forearm and leg frac-
tures (e.g. Sparacello et al. 2023a,b), and neither 
falls nor interpersonal violence would explain 
the marks attributed to carnivore activity and the 
apparent loss of bone tissue in the shoulder and 
mandible.

Considering the fauna present in the Italian 
peninsula in the Late Pleistocene (Gliozzi et al. 
1997; Petronio et al. 2011), and especially the 
faunal findings at Arene Candide (Cassoli and 
Tagliacozzo 1994), the Principe may have been 
attacked by a brown bear (Ursus arctos), a cave 
bear (Ursus spelaeus), a leopard (Panthera par‑
dus) or a cave lion (Panthera spelaea). In layer 
P9, which corresponds to the time in which 
the Principe lived, skeletal elements belong-
ing to both cave bears and leopards were found 
(Cassoli and Tagliacozzo 1994: 137; Alhaique 
1994, p.265). However, a secure taxonomic 
identification of the attacker based on the meas-
urements and characteristics of the grooves and 
punctures found on the Principe is impossible 
at this stage, given their isolated nature and the 
overlap in measurements reported in studies of 
carnivore activity on bone (e.g. Selvaggio and 
Wilder 2001; Sala et al. 2014). The dimensions 
of the pit recorded on the right fibula of the 
Principe are comparable with cave bear predation 
marks from Bàsura Cave (Toirano, 15 km west 
of Arene Candide Cave; width between 5.1-7 
mm; Zunino et al. 2022), with those attributed 
to modern brown bears Ursus arctos (Sala and 
Arsuaga 2013), and with Ursus deningeri from 
Sima de los Huesos (Sala et al. 2014; see also Sala 
and Arsuaga 2018). However, they also over-
lap with the ones left by leopards and other big 
cats (Selvaggio and Wilder 2001; Domínguez-
Rodrigo and Piqueras 2003). 

The groove observed in the left parietal of the 
Principe, which we tentatively attributed to a claw 
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swipe, bears a striking resemblance with some of 
the shorter grooves in Cranium 5 from Sima de 
los Huesos, which presents several longer parallel 
grooves, some of which even conflated (Sala et al. 
2024). These were attributed to bear claw marks, 
but in that case the interpretation could take into 
account, in addition to the width of the grooves, 
the distance between them and the compari-
son with bear marks found in the cave (Sala et 
al. 2024). In the case of the Principe, the taxo-
nomical attribution is more challenging; still, the 
lesion does display similarities with claw marks 
left by Ursus spelaeus in the walls of Bàsura Cave 
(Fig. 9). Big cat claw marks appear to leave more 
superficial traces, although more experimental 
research is needed (Rothschild et al. 2013). The 
attribution of the lesion to a claw swipe, and a 
more informed taxonomic attribution, could 
be improved only through microscopic analysis 
using a confocal microscope; however, this is 

currently not possible due to preservation con-
cerns, as it would require cleaning the remains of 
their ochre layer and taking silicone impressions.

Although microscopic analysis is not avail-
able, the overall pattern of traumatic lesions 
could add to the plausibility of the bear attack 
hypothesis. The clinical literature provides 
abundant evidence of traumatic lesions due to 
a bear attack, several of which are observed in 
the Principe. Different species of bear appear to 
display different patterns of initial attack, the 
brown bear reportedly using the “face bite” more 
frequently (e.g. Tough and Butt 1993), while the 
paw smack to the face and torso is more com-
monly reported for Asiatic species (e.g. Oshima 
et al. 2018; Patil et al. 2019). However, both 
modalities of attack result primarily in fractures 
to the face and cranium, occurring both in fatal 
and non-fatal negative encounters (Tough and 
Butt 1993; Dhar et al. 2008; Rasool et al. 2010; 

Fig. 10 – Scratch marks attributed to claws of Ursus spelaeus on the wall of the Bàsura Cave 
(Toirano, Liguria).
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Atreya et al. 2016; Ghezta et al. 2019; Patil et 
al. 2019). Fractures to the mandible are often 
reported (Ghezta et al. 2019; Vashistha et al. 
2019; Yang et al. 2022), including – importantly 
– cases of partial bone loss (Govila et al. 1989). 
Deep cranial scarring due to claws and teeth are 
common (e.g. Oshima et al. 2018; Yilzmar et 
al. 2021), and both claws and teeth can result 
in penetrating head injuries (e.g. Hayashi et al. 
2003; Ryan et al. 2014). In addition to cranial 
trauma, fractures to the shoulder, chest, and the 
upper limb similar to the ones observed in the 
Principe are commonly reported in victims of 
bear attacks (e.g. Dhar et al. 2008; Ghezta et al. 
2009; Gudmannsson and Berge 2019), as well 
as bite marks at the extremities (Oshima et al. 
2018). Additionally, the reason for the attack 
can be defense or predation (e.g. Tough and 
Butt 1993; Floyd 1999; Oshima et al. 2018), 
with the latter presenting a higher frequency of 
postmortem bites (as determined from hemor-
rhagic traces in soft tissue; Oshima et al. 2018). 
Although similar injuries are reported in the case 
of tiger and leopard attacks, in these cases there 
is a greater emphasis on neck transfixing inju-
ries rather than cranial and thoracic trauma (e.g. 
Hejna 2010; Pathak et al. 2013; Bhandari et al. 
2019; Agarwal et al. 2021). This makes the gen-
eral pattern of trauma in Arene Candide 1 more 
compatible with a bear attack. However, given 
that different carnivores can result in similar pat-
terns of trauma, especially when examining dry 
bone (Arilla et al. 2014; Sala and Arsuaga 2018), 
it is currently difficult to further reconstruct the 
circumstances around the death of the young 
Principe beyond a “large carnivore attack, prob-
ably a bear”. 

At some point before death, the Principe also 
suffered from traumatic lesions in the foot (frac-
tured fifth toe) and ankle (osteochondritis dis-
secans of the talus). A common complication of 
a fractured little toe is persistent pain and deam-
bulatory difficulties (Hatch et al. 2003), while 
osteochondritis dissecans to the subtalar joint 
can produce a sharp and impairing pain when 
the subject attempts to sprint (e.g. Yanagisawa 
et al. 2021). It would be highly speculative to 

infer that these injuries played a direct role in the 
Principe’s death. However, it has been noted that 
evidence of long-term survival after lower limb 
injuries is rare in prehistoric foragers (Berger and 
Trinkaus 1995; Trinkaus 2011, 2012; Cowgill et 
al. 2015; Sparacello et al. 2023b; but see Holt et 
al. 2002) compared to healed upper limb frac-
tures (Trinkaus 2005, 2015; Chevalier 2019; 
Sparacello et al. 2023a), suggesting that highly-
functional lower limbs were crucial for these 
highly mobile foragers. 

After the attack, the young forager survived 
for some time before eventually succumbing to his 
injuries. Estimating the timing of survival from 
skeletonized remains is notoriously difficult, even 
in a forensic context, given the numerous fac-
tors affecting bone healing (especially age; Boyd 
2018). In Arene Candide 1, the initial rounding 
of trabeculae and cortical bone is discernible, 
new bone formation is visible using macropho-
tography but was limited to the intertrabecular 
space, while subperiosteal new bone formation 
(SPNBF) had not begun. In adults, macroscopic 
traces of healing have been reported after at least 
one week after injury (dry bone; Sauer 1998) or 
not earlier than 19 days (dry bone; Cattaneo et 
al. 2010); absorption of cortical bone adjacent to 
the lesion commences 4-7 days after injury (De 
Boer et al. 2015). Healing in juveniles has been 
estimated to be at least twice faster than in adults 
(review in Boyd 2018): osseous repair in young 
infants may be visible macroscopically as early as 
4 days since injury (results from dry bone; Love 
et al. 2011), but in other infants, only rounding 
of the fracture margin was observed in the same 
time span (results from dry bone; Boyd 2018). 
In juveniles, SPNBF has been reported as early as 
4-10 (radiographic data; O’Connor and Cohen 
1987, 1998) or 7-10 days since injury (radio-
graphic data; Merten et al. 1994) but features 
visible on dry bone are often radiographically 
not visible (review in Mays 2018). However, 
most literature focuses on cortical healing and 
the formation of soft and hard callus; the rate 
of healing in subadult trabecular bone has not 
been estimated to date using forensic cases (e.g. 
Love et al. 2011, p.87) but has been theorized 
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to be faster than cortical healing (Ogden 1990). 
This was confirmed in recent analyses on human 
adult radial biopsies (Aspenberg and Sandberg 
2013) and murine models (Bernhardsson et al. 
2015), the latter showing that the volume of a 
cylinder with a diameter of 1.1 mm and length 
of 2.5 mm were already completely filled with 
bone by one week since injury. No earlier meas-
uring points were taken, but we can expect 
that some bone deposition occurred after a few 
days (see also Aspenberg and Sandberg 2013). 
Intertrabecular bone formation, although lim-
ited to a couple of millimeters from damaged 
cancellous bone, has been estimated to be about 
three times faster than endochondral healing 
(Sandberg and Aspenberg 2016). Based on this, 
we estimate that the Principe may have survived 
48, possibly 72 hours after his injuries. However, 
it must be emphasized that, in absence of studies 
on the variability and specifically on the timing 
of intertrabecular ossification in adolescents, this 
estimate is tentative. Future experimental and 
clinical studies on intertrabecular ossification, as 
well as the application of more advanced histo-
logical methods on the Principe (De Boer et al. 
2015; Cappella and Cattaneo 2019; Schwab et 
al. 2023; Winter-Buchwalder et al. 2024) may 
further refine our estimate.

Given the extent of the bone injuries, it is sur-
prising that this adolescent forager survived even 
for this brief time. The bite or paw smack that 
fractured the mandible and the clavicle, likely the 
cranial vault, and possibly the cervical vertebrae, 
must have fortuitously spared major blood ves-
sels (jugular vein, carotid and subclavian arteries) 
which would have caused a rapid death through 
hemorrhage and would have been difficult to treat 
without modern medicine. Given the estimated 
survival time, death may have occurred due to 
secondary brain injury, internal hemorrhage, or 
multiple organ failure, as is often the case within 
the first days post severe cranial trauma (Sobrino 
and Shafi 2013). It has been suggested that the 
yellow ochre found in the burial around the 
wounded area may have been a cauterizing agent, 
probably because ochre was used for this purpose 
in ancient societies, amongst many other medical 

uses (e.g. Metwaly et al. 2021). However, beyond 
the successful prevention of immediate exsan-
guination, it is difficult to infer the treatments 
that the group – which was probably present or 
close at the time of attack – may have attempted 
in an effort to save the life of the Principe (e.g. 
Sparacello et al. 2023a).

What can be observed is that the Principe’s 
group invested significant time and resources 
in his funerary treatment. The inclusion in the 
burial of ornaments composed of hundreds of 
pierced shells, carved bâtons percés, and objects 
made of exotic materials (e.g. mammoth ivory 
pendants, and the stampien zoné flint from the 
French Vaucluse region used for the large blade; 
Molari 1994; Rigaud 2001; Onoratini et al. 2011) 
closely parallels what has been seen in the Sunghir 
burials which rank among the richest ever found 
for the Gravettian (Trinkaus and Buzhilova 2012, 
2018). The flint blade, in particular, has been 
considered a “prestige” item, and was found in 
several elaborate burials from the Grimaldi Caves 
at the Balzi Rossi (Onoratini et al. 2011). 

Given the exceptional nature of the burial, 
a princely nickname was attributed in mod-
ern times to the inhumed adolescent, a label 
that reflects early preconceptions and simplis-
tic explanations linking the richness of Upper 
Paleolithic graves to the individual’s social sta-
tus in life, with the “Prince” presumed to be a 
prominent figure in a proto-hierarchical society 
(Carr 1995; cf. Binford 1971; Saxe 1970). More 
recent research, however, strongly refutes the idea 
that formal burials during the Mid-Late Upper 
Paleolithic were based on social standing defined 
by vertical or hereditary societal structures. 
Instead, the funerary record of the Gravettian 
and Epigravettian periods shows a striking over-
representation of individuals who suffered trau-
matic deaths or display congenital pathological 
conditions (as reviewed by Trinkaus 2018). This 
pattern has led to the hypothesis that formal bur-
ial was afforded based on the necessity to ritually 
contain and sanction these “exceptional events 
and exceptional people” (e.g. Formicola 2007; 
Pettitt 2010; Trinkaus and Buzhilova 2012; 
Sparacello et al. 2018, 2021).
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Although tentative, the scenario that could 
be depicted by this study aligns well with this 
theory: the violent death involving disfiguring 
loss of tissue (e.g. Ghezta et al. 2018; Rasool et 
al. 2010), likely caused by an animal typically 
regarded as prey, combined with the young age 
(and presumably immature appearance, based 
on the puberty stage he had reached; Lewis et 
al. 2024), and prolonged agony endured for 
days, may be considered an “exceptional event” 
requiring ritual sanctioning. While it is not pos-
sible to speculate on the meaning of the apparent 
“syntax” expressed by the placement of items and 
bodies in Gravettian burials – such as the blade 
in the case of the Principe (see also the position 
of the individuals in the Dolní Věstonice and 
Barma Grande triple burials; Formicola 1990, 
2007; Formicola et al. 2001) – his burial unde-
niably adds to the evidence of extremely rare 
occurrences “buried” in the Gravettian funerary 
record. This further supports the idea that the 
skeletal corpus from this period is composed of 
highly selected individuals. 

Conclusions

About eighty years after the discovery, the 
reexamination of the skeletal remains of the 
Principe from Arene Candide Cave yielded new 
and surprising results. Our study confirmed the 
perimortem nature of the mandibular and shoul-
der injuries, which were first noted in the 1940s, 
and uncovered additional potential fractures in 
the cranium, the dentition, and the cervical spine, 
which are consistent with a massive thoracic and 
craniofacial trauma. Further evidence of peri-
mortem trauma uncovered in this study, such as 
a linear groove in the cranium and a puncture 
mark in the fibula, supports the hypothesis of 
carnivore involvement. The overall traumatic pat-
tern observed in this individual resembles injuries 
typically documented in modern motor vehicle 
accidents, but in the prehistoric context examined 
here is more plausibly attributed to a large animal 
mauling, likely by a bear. Although additional 
analyses – such as computed tomography and 

confocal microscopy – would be required to refine 
the taxonomic identification of the attacker, these 
are not feasible at this stage. Finally, the identifi-
cation of antemortem foot lesions – including a 
fracture of the fifth toe and talar osteochondritis 
dissecans – supports the hypothesis that prehis-
toric foragers experienced limited survival follow-
ing lower limb injuries.

The Principe was left with numerous fractures 
and disfiguring loss of bone and tissue. Previous 
observations suggested that death was not immedi-
ate, but did not discuss the evidence for this claim. 
Our analysis highlighted the beginning of the pro-
cess of intertrabecular ossification, while subpe-
riosteal new bone formation and callus formation 
had not commenced. This allows for a rough esti-
mate of survival time, which probably consisted in 
a couple of days, before eventual death.

The rich formal burial accorded to the 
Principe may reflect a need to ritually sanction an 
exceptionally negative event. This interpretation 
aligns with numerous studies noting the improb-
ably high prevalence of pathologies and trauma in 
the Late Upper Paleolithic funerary record (espe-
cially Gravettian and Epigravettian), which likely 
represents a highly selected subset of individuals.
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