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Abstract

Scholars have long been interested in understanding conflict in prehistoric times. Skeletal
lesions attributable to interpersonal violence constitute the most direct evidence available to
make inferences on the diachronic changes in the frequency, scale, and motivation for conflict
among human communities. It has been proposed that evidence of violence becomes more
common among Early Holocene Mesolithic hunter-gatherers; however, the skeletal record
becomes increasingly fragmentary in more ancient periods, making the finding of new
evidence of great importance. We present here a case of traumatic recidivism in a Mesolithic
female from the site of Mezzocorona-Borgonuovo (MBN-1) in the northeastern Italian Alps
(Trento). This female displays a perimortem perforating defect in the frontal bone, as well as
healed cranial and forearm fractures. Although it is possible to interpret these injuries as
resulting from falls from height, we propose that they are most compatible with MBN-1 being
victim over time of multiple episodes of interpersonal violence. In addition, probably a few
months before death, MBN-1 suffered another traumatic injury of the ankle, and in this case
the fall from height appears the most likely scenario. We further propose that the attacks
leading to the cranial and forearm fractures were presumably perpetrated by individuals

coming from outside MBN-1"s group. Conversely, her group most likely cared for her
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through medical treatment — as suggested by the successful healing of forearm and ankle
fractures — and by according her a formal burial. The traumatic history of MBN-1 provides
rare glimpses into the life experience of a Mesolithic female from northeastern Italy, a context
where human remains are extremely rare. However, being a single case, more findings are
needed to understand whether or not MBN-1 can be viewed as emblematic of the overall
exposure to interpersonal or accidental trauma for Mesolithic groups in the area, and to

explore issues of frequency, origin, and motivation for ancient conflict.
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1. Introduction

Violence and warfare are topics that simultaneously exert a deep fascination and strong
repulsion on people. The recognition that conflict and warfare have been long present in our
prehistory has led researchers to attempt an understanding of the reasons and consequences of
this human activity, which appears to have involved a significant level of collective action,
energy expenditure, and — depending on the society — military organization. Not surprisingly,
early warfare has been a topic of significant interest and research in anthropology, leading to a
large body of literature exploring it from a materialistic, evolutionary, sociological and
historical theoretical perspective (e.g. Keeley, 1996; Ferguson, 1997; Wrangham, 1999;
Guilaine, Zammit, 2001; Otto et al., 2006; Fagan et al., 2020; reviews in Thorpe, 2003; Kim
and Kissel, 2018; Kissel and Kim, 2018; Leblanc, 2020).

Although the theoretical discussion is ongoing, most scholars agree that bioarchaeological
data provide the most direct evidence of past interpersonal violence, and contain a wealth of
environmental, economic, social, technological, and cultural information on the individuals
and groups that waged or suffered war (Haas, 1999; Walker, 2001; Thorpe, 2003;
Christensen, 2004; Martin et al., 2012; Kniisel and Smith, 2014a,b). As such, burials and
human remains often constitute the starting point of the analyses of prehistoric conflict, to be
integrated with further contextual evidence such as the presence of specialized weaponry,

fortifications, and other material proxies for warring activities (Vencl, 1999).

Various scholars have proposed specific prehistoric periods in which it is possible to detect an
increase in the frequency or scale of conflict in the bioarchaeological record, for example the
diffusion of the Neolithic (Christensen, 2004; Smith, 2014; Knusel and Smith, 2014b;
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Schulting and Fibiger, 2012). Some researchers suggest that evidence of violence becomes
more common as early as the Mesolithic, the period between the end of the Pleistocene ca.
10,000 BCE to the adoption of a Neolithic lifestyle (e.g. Frayer, 1997, Thorpe, 2000, 2003;
Vencl, 1999; Walker, 2001). Indeed, there is ample evidence in Europe of Mesolithic
interpersonal violence, with assemblages of human remains interpreted as massacres (Balakin
and Nuzhnyi, 1995; Frayer, 1997; Thorpe, 2003; Orschiedt, 2005; Estabrook, 2014; reviews
in Keeley, 1996; Guilaine and Zammit, 2001), and traces of other behaviors potentially
related to conflict, such as evidence of cranial trophies on stakes (Schulting, 2013;
Gummesson et al., 2018). Still, other scholars point out that these kinds of diachronic
evaluations are likely to be biased by the skeletal record becoming increasingly fragmentary
in older periods, and propose similar trauma prevalence between these periods and the Upper
Paleolithic (Roksandic, 2004; Beier et al., 2021). Other potential biases lie in the often-
difficult interpretation of archaeological assemblages: Roksandic (2004) suggests that the
often-cited massacre at Ofnet could have other — even diachronous — explanations, especially
considering the lack of high-quality excavation documentation. Furthermore, trauma does not
always imply intentional violence, and evidence of violent interactions are not necessarily

proof of organized violence, or even warfare.

The study of violence in the past is thus limited by fragmentary and problematic evidence,
depicting a partial and often contrasting scenario. In this context, the finding of new evidence
can provide substantial information, especially when it involves multiple episodes of violence.
In this paper, we present a case of traumatic recidivism in a Mesolithic female from
Mezzocorona-Borgonuovo (Trento, northeastern Italy). The history of trauma and violent
interactions experienced by this individual is analyzed from skeletal evidence, which —
together with contextual archaeological data on the local socio-environmental conditions —
allows for glimpses into issues of frequency and origin of violent interactions among

Holocene foragers in the Alpine area.
1.1 Archaeological context and purpose of the study

The Mesolithic burial of Mezzocorona-Borgonuovo (Trento, Italy) was discovered in 1995 at
the foot of a Dolomitic formation in the Adige Valley (Figure 1) (Dalmeri et al., 2001, 2002).
Above the Mesolithic layers, the site presented levels from the Early and Middle Neolithic of
the area (Bazzanella et al., 2000; 2001), and evidence of Copper Age and Bronze Age burials
(Nicolis, 1996; 2001; 2004; Mottes and Nicolis 2019). The burial, henceforth abbreviated to

MBN-1, consists of an individual lying supinely with lower limbs extended and the hands
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placed in the pelvic area (Figure 2). More than 40 dolomitic stones of various sizes were
placed around and above the body, some of which presented traces of ochre (Dalmeri et al.,
2001, 2002). Several pieces of red ochre were found in the fill of the pit, especially in the
thoracic area; no other grave goods were directly associated with the burial. At the time of
excavation, the skeleton was fragmentary and extremely fragile, requiring extensive

consolidation in situ.
[Figures 1 and 2 about here]

The attribution of this burial to the Mesolithic was based on stratigraphic evidence (Dalmeri
et al., 2001, 2002), as well as on similarities in funerary treatment with the other Mesolithic
burials in the area, such as Mondeval de Sora (Gerhardinger and Guerreschi, 1989; Fontana et
al., 2020) and especially Vatte di Zambana (Corrain et al., 1976). However, the precise
chrono-cultural context within the Mesolithic was not entirely certain. The pit was dug in
layers attributed to the Early Mesolithic (Sauveterrian) (from the Early Holocene to the
beginning of the 7" millennium BCE). In contrast, three radiocarbon dates on human bone
placed the individual in the second half of the sixth millennium BCE, and therefore within the
late Castelnovian chrono-cultural phase, spanning from about 7000 BCE to the Neolithic
transition, which was established in the Adige Valley around the beginning of the fifth
millennium BCE (Mottes, 2021). Conversely, one date (ETH-15980) overlaps with the early
Neolithic of the region (Table 1). This variability cannot be attributed to contamination from
substances that were used to consolidate the skeleton during excavation because sampling for
these dates was performed before consolidation (Dalmeri et al., 2001; see also Sedlmeier and
Kaufmann, 1996:145; Sparacello et al., 2019, 2020b, 2021). Outside the burial structure, to
the East of the skull stratigraphic unit (SU) 151 contained selected faunal remains (part of an
antler and four mandibles of red deer, i.e. Cervus elaphus) with traces of reddish coloring,
which may have been associated with the funerary behavior. The date of one of these
elements (MBN-186, 5515-5216 BCE) overlaps with the oldest date obtained on human bone
(5474-5222 BCE; Table 1), but a stratigraphic relationship with the burial was absent.
Conversely, a terminus post quem was provided by another faunal element from the
Sauveterrian layer (SU 148) into which the burial pit (6742-6481 BCE; Table 1) was made.

[Table 1 about here]

The discovery of Mezzocorona is particularly important because direct skeletal evidence of

the paleobiology and adaptations of Mesolithic humans from the northeastern Italian Alps is
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rare, consisting of only two other burials. The assemblage consists of Vatte di Zambana, a
female attributed to the Sauveterrian, discovered less than 10 km south of Mezzocorona
(direct date KIA-12442, 7943+46 uncal BP, 7036-6690 BCE 95.4% probability; Corrain et
al., 1976; Dalmeri et al., 2002), and c. 80 km east, the burial of a male from Mondeval de
Sora (San Vito di Cadore, Belluno), attributed to the Castelnovian (direct date OxXA-7468,
742555 uncal BP, 6429-6121 BCE; Gerhardinger and Guerreschi, 1989; Fontana, 2006;
Fontana et al., 2020). In the rest of northern Italy, only an infant from Arma Veirana (Liguria)
was recently published (Hodgkins et al., 2021), and coeval remains from the nearby Arma di
Nasino are under study (Sparacello et al, in progress). Conversely, several Mesolithic burials

have been found in southern Italy (Sicily; Sparacello et al., 2020a).

The purpose of this study is to provide a biological profile of the MBN-1 burial, focusing
especially on the pathological changes, which can help in reconstructing the history of trauma
in this individual, and by extension, can shed light on the lifestyle and social interactions of
these Alpine Mesolithic communities (cf. Milner, 1995; Walker, 2001; Roksandic, 2004;
Armit et al., 2007; Knusel and Smith, 2014a). In order to clarify the chronological context of

this fundamental burial, a new AMS radiocarbon date was performed.

2. Materials and Methods

The remains of Mezzocorona-Borgonuovo 1 are curated at storage facilities of the
Superintendency for Cultural Heritage of the Autonomous Province of Trento, Italy. Although
fragmentary, all regions of the skeleton are preserved (Figure 2; Table 2). The basicranium
and facial skeleton have been reduced to minute fragments and parts of them did not survive.
This includes the maxilla, although several maxillary teeth were retrieved, while the mandible
is virtually complete. Various vertebral bodies, ribs, metacarpals, metatarsals and phalanges

are either missing or fragmentary.
[Table 2 about here]

The traumatological assessment of the injuries found in MBN-1 was based on macroscopic
and radiographic analysis. Perimortem lesions were distinguished from taphonomic breakage
based on the appearance of the surface, margins, and outline of the fracture (Ubelaker and
Adams, 1995; Knisel, 2005; Cattaneo and Cappella, 2017). Descriptions were based on the
protocols developed by Roberts (1991) and Grauer and Roberts (1996) for trauma analysis in
paleopathology, and interpretation of the mechanism of injury was based on the forensic,

medical, and paleopathology literature (e.g. Lovell, 1997; Galloway, 1999; Ambade and
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Godbole, 2006; Kimmerle and Baraybar, 2008; Court-Brown et al., 2015; Buckely et al.,
2017; Hahn and Chong, 2017). The left forearm and the left fibula were X-rayed at the
Radiology Unit of the Policlinico GB Rossi in VVerona (Italy). All skeletal elements were
photographed, and surface 3D models of the main skeletal elements were created using a
structured-light scanner (DAVID ® SLS-3, DAVID Group 2007-2015). The 3D models were
uploaded to MorphoSource, a freely accessible online repository for 3D data provided by
Duke University, USA (https://www.morphosource.org/projects/000477119?locale=en).

Methods used for the assessment of biological sex were drawn from Buikstra and Ubelaker
(1994) for cranial and pelvic morphology, and Bruzek (2002) for the pelvic morphology.
Mandibular ramus flexure was also used, following Loth and Henneberg (1996).

Age was estimated using cross-referencing data from suture closure (Meindl and Lovejoy,
1985), changes in the auricular surface of the ilium (Buckberry and Chamberlain, 2002),
dental development (AlQahtani, 2010), dental wear compared to other hunter-gatherers
(Lovejoy, 1985), and fusion of epiphyseal growth plates (methods compiled in Schaefer et al.,
2009; see also Belcastro et al., 2008; Lottering et al., 2017; Bartolini et al., 2018).

The tooth partially damaged for AMS dating and molecular analyses (in progress) was the
maxillary right second molar. In order to preserve the morphology of the specimen, before
transverse sectioning below the cemento-enamel junction (CEJ), all sides of the tooth were
photographed at high resolution, a cast of the crown was taken using a silicone mold for
dentistry, and a pCT of the whole tooth was carried out at the 3D Imaging Lab of the
Senckenberg Centre for Human Evolution and Palaeoenvironment (SHEP), Eberhard Karls

University at Tibingen.

Radiocarbon dating was performed at the Curt-Engelhorn-Center Archaeometry gGmbH in
Mannheim, Germany, using a MICADAS-type AMS system. Collagen content and quality
were checked according to international standards (C:N ratios between 2.9 to 3.6, DeNiro,
1985; %C>40%; collagen % >1%).

3. Results
3.1 MBN-1 biological profile and radiocarbon date

Despite the partial preservation of cranial remains, and the severely crushed pelvis, an
attribution of the skeleton to that of a female appears reasonable. Following the standards

compiled by Buikstra and Ubelaker (1994), cranial features were scored as “2” (superior
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nuchal line robusticity, supraorbital margin, glabella) or “3” (mastoid process). Mandibular
features were scored as “1” (mental eminence and gonial angle appearance). The gonial angle

is greater than 90 degrees, and mandibular ramus flexure is absent bilaterally.

Only one pelvic feature could be scored following Buikstra and Ubelaker (1994), which
supports a female assessment: the greater sciatic notch was scored as 2 on the right side, while
the scoring of the left side is uncertain (but below 3) due to damage in the preauricular area.
The same damage prevented the scoring of the preauricular sulcus, which is partially visible
on the right side. Following Bruzek (2002), the greater sciatic notch could be evaluated on the
right side and corresponds to the typical female form (f-f-f). The presence of a typically
female composite arc formed by the sciatic notch and the auricular surface can be assessed

bilaterally (Supplementary Information Figure S1 and model in MorphoSource).

Age-at-death could be estimated to be adult based on the development of the third molar (root
apex closed, age >22.5 years; AlQahtani et al., 2010). Cranial sutures were beginning to fuse
in the anterior sagittal (score 2), bregma (score 1), and pterion regions (score 2), while they
were open (score 0) at midlambdoid, lambda, obelion, and inferior sphenotemporal. Damage
prevented the observation of the midcoronal, sphenofrontal, and superior sphenotemporal
sutures. The composite score for the vault ranges between 5-14, with an interdecile age
estimate range of 23-65 years. The auricular surface of the right ilium was scored as Stage IV
(composite score 12), following Buckberry and Chamberlain (2002), giving an age estimate
range of 29-81 years. Of the epiphyses that fuse in early adulthood, only the iliac crest could
be examined, although the region shows abundant taphonomic damage. The posterior part of
the epiphysis appears incompletely fused in the left os coxae, with an epiphyseal line
discernible on the medio-ventral aspect, and the epiphyseal surface visible in the posterior
region close to the superior posterior iliac spine (Supplementary Information Figure S2). This
would correspond to a stage V in Lottering et al (2017; see also Bartolini et al., 2018),
suggesting an age below 25 years. Another partially unfused region preserved in MBN-1
occurs between the first and second sacral bodies, but it has been demonstrated that this kind
of appearance can be retained in adulthood (“a” pattern in Belcastro et al., 2007;

Supplementary Information Figure S3).

Dental wear could be examined in the posterior maxillary dentition and in the anterior
mandibular dentition. On the contrary, the maxillary teeth from the first premolar to the first
incisor are absent bilaterally, together with the corresponding maxillary alveolar bone.

Conversely, mandibular teeth from the second premolar to the third molar were lost
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antemortem bilaterally (Table 2). The anterior dentition was scored as “D-E” following
Lovejoy (1985), which would correspond to an age between 20 and 30 years, although the
canines show more wear than incisors. The posterior maxillary dentition shows only polishing
on the third molar, and very little dentine exposure in the first and second molars,
corresponding to a score of “D-E” and an age between 20-30 years, following Lovejoy (1985)
or 17-25 years, following Brothwell (1981). Surviving premolars show more advanced wear,
and were scored as “H” (40-50 years). However, wear is influenced by antemortem tooth loss,
and the loss of the mandibular molars may have slowed down the rate of wear in maxillary
molars while increasing the rate in premolars. If this is the case, a younger age estimate based
on the posterior dentition (especially the unworn third molar) probably correlates more with
the age at which MBN-1 lost the posterior mandibular dentition, rather than with age-at-death.

The new radiocarbon date, 6538+29 BP (MAMS-56784), respects the standards for the
quality of the collagen (C:N = 3.24; %C = 43.1; collagen % = 4.9). Calibrated with OxCal
4.4.4 using the IntCal20 calibration curve (Bronk Ramsey, 2023; Reimer et al., 2020), the
95.4% confidence interval for the date is 5612-5409 BCE (i.e. ~7500 years before present).

3.2 Description and possible mechanism for the skeletal lesions

3.2.1 The cranium

As mentioned above, the cranium of MBN-1 is incomplete and fragmentary, presenting
several “dry bone” breakages, most likely caused by the pressure of the stones placed to cover
the burial (see below). However, at least three depressions appear to have been caused by

another mechanism.

In the right portion of the frontal bone, it is possible to identify a perforating defect consisting
of a well-defined “D-shaped” fracture of the cranial vault, with traces of scalloping along the
anterior ectocranial edge, and extensive internal beveling of the endocranial margin (Figure
3). Lack of bone reaction indicates a perimortem lesion. Radiating fractures follow lines of
least resistance often observed for trauma at this position: two extend towards the spheno-
frontal suture, one towards the coronal suture, and opposite to these, two others radiate into
the frontal bone (e.g. cf. Orschiedt et al., 2003; Roksandic et al., 2006; Kroman et al., 2011,
Cybulski, 2014:425; Fibiger, 2014:137; Rios et al., 2014:632; Smith, 2014:116; Chenal et al.,
2015; Jankovi¢ et al., 2017). The presence of what appears to be a chop-mark crossing the
defect (Kimmerle and Baraybar, 2008:291) is in fact due to an uncommonly large non-metric

trait (frontal grooves and foramina; Mann et al., 2016:16; Figure 3), and is not related to the
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injury. The perimortem lesion observed in MBN-1 likely resulted from a blunt force, or
possibly from a sharp-blunt force injury (see experimental work in Moreno-Ibéafiez et al.,
2023). Given the position of the defect in the cranium above the “hat brim line”, the semi-
ovoid shape (Kremer et al., 2008; Kremer and Sauvageau, 2009; Guyomarc’h et al., 2010;
Kranioti, 2015), and the absence of other postcranial perimortem fractures usually associated
with a fall from height (McRae and Esser, 2008; Court-Brown et al., 2015; Buckley et al.,
2017), the lesion was most likely acquired in the context of interpersonal violence, and
accomplished using a blunt object (e.g. Dyer and Fibiger, 2017; cf. the traces of scalloping in
Figure 3 and Supplementary Information Figure S4 with Figure 4.17 in Kimmerle and
Baraybar, 2008:162), or a sharp-blunt object such as an adze (see experimental work in
Moreno-Ibafiez et al., 2023). Although it is impossible to determine the possible co-
occurrence of other soft-tissue injuries in vital organs, the severe trauma to the brain was
probably also the cause of death (see Kniisel and Smith, 2014a:10; Saukko and Knight, 2016).

[Figure 3 about here]

In addition to the perimortem injury, MBN-1 also displays healed antemortem trauma. Two
depressed cranial fractures with smooth margins can be observed, in the right and left parietal
bones, both near the sagittal suture (A and B in Figure 4; the smaller depression B is best
observed in the surface 3D model of the cranium due to the dark color of the bone). In the
right parietal, the defect A has an oblong-spatulate shape (c. 36 mm long), composed of a
circular depression with a diameter of c. 14 mm and a maximum depth of ¢. 2 mm, which
extends anteriorly into a shallower funnel-like depression c. 8 mm wide. The bottom of the
depression has a clearly linear appearance (Figure 4). No signs of radiating fractures are
present. Defect B in the left parietal is semi-circular, with a diameter of c. 11 mm, and a depth
of c. 1.5 mm. No evident alteration of the endocranial surface is present which corresponds
with these two defects.

[Figure 4 about here]

Similar lesions are commonly interpreted as healed blunt force trauma (e.g. Walker, 1989;
Cohen et al., 2012; Schulting, 2012:229; Smits, 2012:196; Fibiger et al., 2013; Glencross and
Boz, 2014; Walshe et al., 2016), although certain circular depressions have been attributed to
completely healed trepanations (Alt et al., 1997; Lillie, 1998; Crubézy et al., 2001).
Congenital and developmental defects can also produce unifocal or multifocal vault thinning
(Kaufman et al., 1997: Barnes, 2012:11; Partiot et al., 2017). The defects observed in MBN-1
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are most likely due to the relatively low-velocity impact of a blunt object, leading to
incomplete depressed non-penetrating fractures (e.g. Dyer and Fibiger, 2017). Similar to the
previously described perimortem lesion, the shape and the position of the defects in the
cranium are more suggestive of a blow, rather than a fall (Kremer et al., 2008; Guyomarc’h et
al., 2010; but see Henriques et al., 2023). The absence of perforation, or displacement of the
bone plugs, facilitated the complete healing (e.g. Ortner, 2003:135; Barbian and Sledzik,
2008; Kimmerle and Baraybar, 2008:160). Based on the advanced stage of healing, and the
smooth appearance of the defects, the lesions were in the remodeling stage, and likely
occurred years before death of MBN-1 (Lovell, 1997). Given the similarity in position and
degree of remodeling of these lesions, a parsimonious, yet untestable, interpretation would be
that the two healed cranial defects originated from the same violent encounter, and are
therefore part of a patterned complex of lesions, possibly including also the forearm fractures
(see below; Cybulski, 2014). Interestingly, the articular facets of the cervical vertebrae of
MBN-1 are quite asymmetric (when both sides can be observed; Supplementary Information
Figure S5), and display a “flattened pancake shape” degeneration on the left side (Van
Vlasselaer et al., 2017), which also could be related to previous cranio-cervical trauma
(Uhrenholt et al., 2008; Kulvatunyou et al., 2012).

3.2.2  The upper limb

The left radius and ulna of MBN-1 display abnormal medially-oriented curvature with onset
around the midshaft (Figure 5). The deformity is not present on the right side, and no bowing
is observable in weight-bearing elements, making the differential diagnosis of rickets unlikely
(Brickley and Ives, 2008). This points towards a traumatic origin, either a plastic bowing
deformity or the result of healed fractures (Stuart-Macadam et al., 1998). The latter seems
more likely, also considering a discontinuity in the cortical bone of the ulna that is observable
radiographically (arrow in Figure 6). Therefore, the ulnar curvature may have resulted from a
healed transverse fracture, while the degree of flattening and deformation of the radius (best
observable in the 3D model) suggests a healed oblique or spiral fracture (Lovell, 1997;
Kellam, 2017; Figure 5). Overall, it appears that MBN-1 had sustained ante-mortem
diaphyseal fractures, most likely resulting from the same traumatic event, based on the similar
level of the lesions when the elements are articulated (i.e. slightly proximal of the diaphyseal
midshaft; Figure 5). Contemporaneity of the fractures is also suggested by both defects being
at a similarly advanced stage of healing and remodeling at the time of death (Lovell, 1997;
Gueorguiev-Riiegg and Stoddart, 2017), and coherent dysplasia of the fractured elements. The
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degree of shortening in length cannot be determined due to epiphyseal damage in both bones,
although radiographic investigation suggests that apposition was almost complete (Figure 6).
Both bones fused with a slight medial and posterior angulation (ca. 5°), while rotation cannot
be appreciated due to damaged epiphyses (the 3D surface models of the articulated forearms
of MBN-1 can be visualized and downloaded from MorphoSource). The mineralized callus
had been resorbed and is no longer visible; bone remodeling was under way at the time of
death, with extensive bone apposition along the diaphysis (Figure 6). This suggests that the

trauma occurred from a few to several years prior to the death of MBN-1 (Lovell, 1997).
[Figures 5 and 6 about here]

The position and the transverse nature of the ulnar fracture suggest a blunt force that impacted
the ulna posteriorly, and perpendicularly to the long axis of the bone. This mechanism of
injury is common when the forearm is in pronation, and held up to shield from a blow
directed at the head (i.e. a “parry fracture”; review in Judd, 2008; Kimmerle and Baraybar,
2008:173). The oblique appearance of the fracture in the radius, and its position roughly
between the insertions of two antagonistic muscles (M. supinator and M. pronator teres),
suggest that it originated from an indirect force, possibly the same that was directly applied to
the ulna. Involvement of the radius in parry fractures is rare, but has been observed, and
appears to depend on the force of the blow (Judd, 2008; Kimmerle and Baraybar, 2008:173).
Another mechanism generating a simultaneous fracturing of the ulna and radius would be a
“paired rotational fracture”, which results from a fall on the outstretched hand (Judd, 2008).
While this mechanism is possible in the case of MBN-1, especially considering the lower limb
trauma (see below), the indirect forces involved in this type of fracture would generate
oblique or spiral fractures in the ipsilateral elements, and the breaks would be at different
levels, with the ulnar fracture significantly more distally positioned then the radial one, and
gross rotational and angular deformity would be more apparent (Key and Conwell, 1942;
Judd, 2008).

3.2.3 The lower limb

The left fibula of MBN-1 displays a bony callus resulting from a simple diaphyseal compound
suprasyndesmotic fracture (White and Bugler, 2015; Hahn and Chong, 2017: Figure 7), with
signs of periostosis. The radiographs show that the bony callus was in the process of
remodeling through the apposition of more compact lamellar bone, therefore the fracture was

in the early phases of the remodeling stage. Healing time is variable and can be influenced by
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numerous factors, but this stage usually ensues a few months after the injury (Lovell, 1997;
Shantz et al., 2015; Gueorguiev-Riiegg and Stoddart, 2017; Figure 8). This type of fracture
occurs when a pronated foot sustains excessive rotation or abduction forces — typically during
a fall — and results in the rupture of the anterior inferior tibio-fibular ligament and of the
interosseous ligament/membrane up to the level of the fracture (Hahn and Chong, 2017:945).
Accordingly, entheseal ossification is apparent in the medial aspect of the fibula of MBN-1
(Figure 7). Malunion consists of a slight lateral displacement of the distal segment, while no
significant angulation or rotation is appreciable (Figures 7 and 8; see also the 3D surface
model in MorphoSource). Taphonomic damage of the distal tibia does not permit the
evaluation of a possible concomitant fracture of the medial malleolus and/or the posterolateral
tibial lip (Volkmann’s triangle), which are possible co-occurrences in this kind of injury
(Hahn and Chong, 2017). Possibly related to this injury is the fusion of the middle and distal
pedal phalanx in the fifth ray of the left foot, probably due to a healed fracture.

[Figure 7 and 8 about here]
3.2.4 Probable pseudo-trauma

In addition to several taphonomic dry-bone breakages throughout the skeleton, it is worth
noting the presence of fractures which occurred when the bone was still rich in collagen, as
apparent from the curved and sometimes sharp margins, which do not show signs of healing
(Knusel, 2005; Ubelaker and Montaperto, 2014; Cattaneo and Cappella, 2016). One of these
fractures is present in the left ulna, and could be mistaken for another “parry fracture” (cf.
Knusel, 2005; Passalacqua and Fenton, 2012:402), and another is observable in the proximal
left femur (Supplementary Information Figure S6). Subtrochanteric fractures are usually the
result of high-energy impact during car crashes and falls from great height (Sassoon et al.,
2015) and are quite rare in the bioarchaeological record (Brinker et al., 2014). However, the
partially stepped and jagged appearance of the fracture lines excludes the possibility of a
traumatic origin. Although partially obscured by weathering, the pattern of crushing
observable throughout the skeleton, with most fractures clearly resulting from dry-bone
breakage, and others showing some of the hallmarks of fresh-bone breakage (Sauer, 1998;
Knisel, 2005; Ubelaker and Montaperto, 2014; Cattaneo and Cappella, 2016) is most
compatible with taphonomic processes. During the earlier stages of decomposition of the
body, when empty space was created by the decomposition of the soft tissues (e.g. Duday,
2009), the compacting of the sediment and of the heavy boulders placed above MBN-1

generated bending forces on certain skeletal elements, leading to these fractures.
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4. Discussion

The female Mesolithic individual from Mezzocorona-Borgonuovo had sustained multiple
cranial and infracranial fractures during her life, and constitutes an interesting case of injury
recidivism (Judd, 2012, 2017; see also Orschiedt et al., 2003). Based on the similar degree of
healing, two cranial depressed defects and the left forearm fractures occurred a few to several
years prior to death, although it is not possible to establish the concomitance of the injuries.
The third, a penetrating perimortem cranial fracture, was most likely the cause of death. A
few months before, MBN-1 suffered a traumatic injury to the ankle, probably resulting from a
fall from height. Beyond providing further empirical evidence of the presence of lesions
compatible with interpersonal violence in the Mesolithic, and insights into the mechanisms of
injury, the patterned lesions in the skeleton of MBN-1, and its wider archaeological context,
permit inferences about the possible circumstances of death (Roksandic, 2004; Armit et al.,
2007; Schulting and Fibiger, 2012; Kniisel and Smith, 2014b).

We proposed in the previous section that, at least for the perimortem cranial defect, the most
likely mechanism or mode of injury (Rogers, 2004) was blunt-force, weapon-related trauma,
based on the appearance, the positioning above the “hat brim line”, and the absence of
concomitant fractures compatible with a fall. Indeed, fall-related injuries rarely lie above the
hat brim line if the fall occurred from a standing position (Geserick et al., 2014), and would
therefore require the individual to fall from height. The two healed cranial depressed fractures
reside above the hat brim line as well, and in fact are close to the cranial vertex, which would
require a fall from a great height (Fracasso, 2011). In this case, it is possible that one or both
depressed fractures originated from a fall if they occurred concomitantly with the left forearm
fracture. However, the forearm fracture appears more compatible with a “parry fracture”
rather than with a fall with an outstretched hand. Overall, although the interpretation of
multiple accidents involving a fall from height is possible, we propose that these healed
fractures are more likely to result from one or more episodes of interpersonal violence (e.g.
Kranioti, 2015).

Making inferences about intended lethality is often challenging, especially in a
bioarchaeological context. In the case of MBN-1, intent to kill can be hypothesized for the
perimortem lesion, which was caused by a blow violent enough to cause a perforating cranial
lesion, with probable massive brain trauma (Saukko and Knight, 2016). Regarding the earlier,
healed forearm and cranial lesions, it has been suggested that high levels of healed cranial

trauma could be related to ritual violence, i.e. controlled form of violent confrontation
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(Thorpe, 2005:11; Schulting, 2006). Although the cranium and face are often the focus of
intentional injuries (Galloway, 1999; Knusel, 2014), Ambade and Godbole (2006) argue that
blunt force trauma to the head is more often observed when killing is unintentional, while the
use of a sharp object and the targeting of the abdomen is more indicative of intentional killing.
However, stabbing injuries to the abdomen are under-represented in the bioarchaeological
record because they often do not impact the skeleton (Knusel and Smith, 2014b). In the case
of MBN-1, intent to kill would be a likely interpretation if the healed lesions occurred
concomitantly. In that situation, MBN-1 would have received at least two/three violent blows,
such as to cause the fracture of both bones in the forearm, raised to protect the face, and two
depressed cranial fractures above the hat brim line. In this possible scenario, even if killing
was not the assailant’s primary goal, it was probably not considered a major consequence to

be prevented.

In order to gain insights into the motivation for these violent acts, it would be important to
reconstruct the circumstances of violence, i.e. whether the attacks originated from outside the
group, or could be classified as within-group “domestic” violence (Schulting and Fibiger,
2012; Knusel and Smith, 2014a,b). While violence can be attributed to external attacks in the
case of multiple contemporary burials resulting from massacres (e.g. Meyer, 2020; Meyer et
al., 2015, 2018), the interpretation in the case of MBN-1 is more tentative. A reconstruction of
the type of community MBN-1 lived in may help with the interpretation of the origin of the
lesions. Archaeological evidence suggests that Mesolithic people in the northeastern Alps
lived in small bands of nomadic hunter-gatherers with low population densities (Grimaldi,
2005). No large settlements or cemeteries have been discovered, and high-altitude sites
consisted of temporary hunting camps, mainly tracking the seasonal movements of ungulates
(Fontana et al., 2009; Fontana and Visentin, 2016). Isotopic studies including that of MBN-1
confirm that the diet was mainly based on terrestrial ungulates, and secondarily on freshwater
resources (Oxilia et al. 2020; Gazzoni et al., 2021). Although ethnographic analogies should
be used carefully, especially given the dearth of evidence, Mesolithic hunter-gatherers from
the northeastern Alps could be classified as “simple” foraging societies, as opposed to ranked
or “complex” hunter-gatherers (e.g. Schulting, 1996, 2003; although the “simple-complex”
dichotomy may be too simplistic, Cummings, 2013:65). Violence between and within groups
is present in simple foraging societies, albeit its frequency and role are highly debated (e.g.
Fry and Stdeberg, 2014, Fry, 2016). Types of within-group violence observed among

foragers include domestic violence against women (reviews in Draper, 1992; Kelly, 1995;
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Lomas, 2009). However, cross-culturally, within-group violence is usually condemned, while
violence towards other groups can be tolerated or is even encouraged (Schmidt and Schroder,
2001; Stewart and Strathern, 2002). In addition, the availability of kin and the small size of
the foraging groups tend to discourage violence within groups, and other forms of conflict
resolution are often preferred, such as fission (Draper, 1992; Lomas, 2009). Overall, given the
social context that could be reconstructed for MBN-1, we propose that it is more likely that
violence originated from outside the group.

Furthermore, the pattern of trauma and healing in MBN-1 may provide insights into the care
that her group employed to treat her wounds. Direct evidence of fracture treatment in the
archaeological record is rare and much later than the time of MBN-1, the earliest splints made
of bark having been identified in Egyptian mummies from the fifth dynasty (ca. 2500-2300
BCE; Elliot-Smith, 1908). However, various studies have considered the degree of deformity
in bones that are likely to be severely affected when fractured to make inferences on the
knowledge of medical treatment, such as reduction and the application of splints, in past
populations (Roberts, 1991; Grauer and Roberts, 1996; Lovell, 1997). Furthermore,
ethnographic observations on traditional foraging societies report the use of fracture reduction
using weights and the application of splints (Harley, 1979:95; Oyebola, 1980; review in
Roberts and Manchester, 2010:315). Forearm fractures, especially when both the radius and
the ulna are involved, usually lead to dislocation, rotational deformity, displacement, and
eventually to malunion if not properly surgically treated (Helber and Ulrich, 2000; Judd,
2008; Streubel and Pesantex, 2015; Capo, 2017). Today, non-operative treatment of forearm
fractures is essentially limited to stable distal ulnar fractures (Streubel and Pesantex, 2015).
Among European Pleistocene foragers, minimal deformations and shortening can be observed
in the healed distal diaphyseal ulnar fracture of Oberkassel 1 (Trinkaus, 2015) and Dolni
Véstonice 15 (Trinkaus, 2005) and in the distal diaphyseal radial fracture of Caviglione 1
(Chevalier, 2019). In the case of MBN-1, the level of radius fracture, approximately between
the insertion of the pronator teres and supinator muscles, is the one that generates the greatest
rotational deformities (Streubel and Pesantex, 2015). Although some malunion is present in
MBN-1, and rotational deformities cannot be precisely estimated due to taphonomic damage,
the relatively well-healed outcome suggests that the forearm fractures were anatomically

reduced and properly stabilized, most likely shortly after the injury occurred.

Similarly, the indirect compound fracture of the fibular shaft occurs in a context of dislocation
of the talus, which needs to be properly anatomically reduced and stabilized, albeit surgery is

15



O 00 N o v B~ W N P

N N R R R R R R R R R R
R O W 00 N o uu b W N +» O

22
23
24
25
26
27
28
29
30
31
32
33

not always required (White and Bugler, 2015; Hahn and Chong, 2017). Archaeological
evidence of lower limb fractures among highly mobile prehistoric hunter-gatherers is rare
(Trinkaus, 2011, 2012; Cowgill et al., 2012), the only healed injury that would have required
a period of immobility being Vado all’Arancio 1 from the Late Upper Paleolithic of Italy,
which shows a healed fracture of the talo-crural joint which affected the tibial and peroneal
malleoli, and the dorsal border of the distal tibial epiphysis (Holt et al., 2002). This individual
displays deformity of the distal epiphyses, significant new bone formation, and talar lateral
sub-luxation, which suggest a lack of complete functional recovery of the injured limb (Holt
et al., 2002). In the case of MBN-1, the fracture was healing without significant deformities
and with little bone formation, again suggesting a proper fracture treatment. It is difficult to
determine if the group was required to accommodate a long-term locomotory impairment
(Estabrook, 2014; Tilley, 2015; Byrnes and Muller, 2017), but functional deficits in these
kinds of fractures are common long-term outcomes, and are certain in the short term. In
addition, MBN-1 may have suffered long-term neurological and balance deficits following
traumatic brain injury, which may have led to impairment and may have contributed to
subsequent trauma (e.g. Basford et al., 2003; Kaufman et al., 2006; Chandrasekhar, 2013).
Finally, MBN-1 was formally buried after the fatal attack that produced the perimortem
cranial fracture. Although it is not possible to directly assess the type of fracture treatment
that was employed by these Mesolithic foragers, indirect evidence of medical assistance,
possible accommodation of impairments, and proper funerary treatment suggest that the

physical assaults are more likely to have originated from outside the social group of MBN-1.

Beyond the inference that these injuries may have resulted from intergroup conflict, it is
difficult, based on one individual, to add to the debate on the scale and motivation for conflict
in the Mesolithic, or whether this period sees an increase in evidence of premeditated,
organized violence, feuding, or even warfare (e.g. Vencl, 1999; Thorpe, 2000, 2003;
Estabrook, 2014; but see Roksandic, 2004, 2006). A simple answer is probably impossible,
given that the European Mesolithic encompassed a variety of social and technological systems
(Estabrook, 2014), and that the degree of social complexity and stratification seems to
correlate with the scale and motivation for violent interactions (e.g. Fry, 2006; Cummings,
2013). While the bioarchaeological record may suggest that deadly violence increased in the
Mesolithic as a whole (Estabrook, 2014), local conditions differ in the variegated European
landscape. In areas such as Brittany, southern Scandinavia, and the Danubian Iron Gates,

permanent or semi-permanent settlements suggest limited mobility and high population
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density, while large cemeteries and elaborated mortuary practices hint at increased social
complexity (e.g. Mithen, 1994; Schulting, 1996; Crombé and Robinson, 2009; Boulestin,
2016; Grlnberg, 2017). In those places, several cases of healed and unhealed cranial trauma,
projectile injuries, and parry fractures have been observed (e.g. Bennike, 1985, 1997; Balakin
and Nuzhnyi, 1995; Walker, 2001; Roksandic, 2004; Orschiedt, 2005; Gummeson et al.,
2018), fueling the debate over the scale and motivation of Mesolithic conflict. In other areas,
such as northern Italy, where subsistence and burial practices — and presumably social
organization — seem to share more in common with the Upper Paleolithic (e.g. Tolan-Smith,
2008), lack of evidence leads to an assumption of lack of complexity (Cummings, 2013). It
has been proposed that small groups of highly-mobile hunter-gatherers — such as the ones to
which MBN-1 belonged — would be organized in “simple” unsegmented societies (Hill et al.,
2011), lacking the organizational features associated with planned conflict (Kelly, 2000). In
this context, conflict would be episodic, spontaneous, and over resources (Kelly, 2000:158).
Accordingly, some Mesolithic evidence of violence has been associated with rapids and
mountain passes (Balakin and Nuzhnyi, 1995; Lillie, 2004), where hunting and foraging is
favored by the presence of several ecological niches in a small area (Guilaine and Zammit,
2001). The finding of MBN-1 near the confluence of two rivers (the Adige and the Noce) may
therefore indicate that the ecological richness of the area triggered conflict between groups of
hunter-gatherers.

Whether Mesolithic intergroup conflict could be defined as “war” essentially depends on the
definition provided by various authors, often based on scale, duration, and motivation of
sustained aggression (e.g. Reyna 1994; Keeley, 1996; Kelly, 2000; Thorpe, 2003). However, a
definition proposed by Kelly (2000) seems particularly appropriate to pre-state societies and
is based on the principle of “social substitutability”, i.e. “the principle that one group member
is substitutable for another in these contexts underwrites the interrelated concepts of injury to
the group, group responsibility for the infliction of injury and group liability with respect to
retribution” (Kelly, 2000:5). Injuries inflicted to non-warriors, including children, would
suggest that this principle was applied by the aggressors. In the case of MBN-1, we can
hypothesize a non-warrior status, especially considering the probable physical limitations
dictated by previous injuries. The death of this individual would have therefore happened in a

context of prehistoric warfare or feuding, according to Kelly’s (2000) definition.

The age at which MBN-1 died may provide insights into the frequency of traumatic and
violent events among Mesolithic people in the northeastern Alps, and on the developmental
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phase at which MBN-1 incurred trauma. Estimating age-at-death once skeletal development is
concluded is notoriously problematic, all methods presenting considerable limitations (review
in Ubelaker and Khosrowshahi, 2019). While MBN-1 was certainly an adult at the time of
death — as indicated by skeletal and dental development, and by the commencement of cranial
vault sutural fusion — her apparently partially unfused posterior iliac crest suggests the
possibility of a young adult age (less than ca. 25 years). This would suggest that the earlier
trauma occurred when MBN-1 was a late adolescent. However, the iliac crest in MBN-1 is
heavily altered by taphonomic damage, perhaps mimicking an open epiphysis. The other
methods employed to estimate age-at-death could not resolve the issue. Dental wear, which
could be compatible with a young adult estimate, is highly dependent on the diet, and methods
developed using different hunter-gatherer groups (Lovejoy, 1985) may provide an inaccurate
estimate when applied to a single individual. Moreover, the lack of significant wear in the
maxillary posterior dentition is probably due to the early loss of mandibular molars, which
probably occurred shortly after the eruption of the third molar. Overall, a conservative age
estimate for MBN-1 would be “adult”, which does not permit more precise assessment of the

timing of earlier trauma.

Given the chronology suggested by the radiocarbon dates, the possibility that MBN-1 may
represent evidence of violent contact between local late Mesolithic and early Neolithic groups
should be discussed. Knusel and Smith (2014b) note the overwhelming evidence of depressed
cranial injuries with the same ovoid shape and general position of MBN-1 in Neolithic Europe
(e.g. Schulting and Fibiger, 2012; Fibiger et al., 2013; Smith, 2014; Chenal et al., 2015;
Meyer et al., 2018), and suggest that violent confrontations may have been included in the
“Neolithic package” to facilitate demic diffusion (see also Cahen, 1985; Keeley, 1996, 1997;
Christensen, 2004; Golitko and Keeley, 2006). Clear evidence of this “frontier conflict” has
not been directly confirmed by skeletal evidence (e.g. Roksandic, 2006; Roksandic at al.,
2006; Smith, 2014). However, Neolithic individuals who may have succumbed to attacks by
other local Mesolithic groups have been reported (Jeunesse et al., 2019; Alt et al., 2020).
Regarding Mezzocorona, at the current stage of research, there is no convincing
archaeological evidence supporting a similar scenario. The direct date obtained in this study
for MBN-1 (ca. 5600-5400 BCE) is compatible with the oldest date previously obtained on
the skeleton, and supports the idea that the coeval red deer mandibles stained with ochre were
associated with the funerary treatment afforded MBN-1 (Dalmeri et al., 2001, 2002). This
would place this individual within the Late Mesolithic (Castelnovian), while archaeological
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evidence — such as the filling of the pit containing lithic industries typologically attributed to
the Sauveterrian — would be compatible with an even earlier chronology (Dalmeri et al., 2001,
2002). The Neolithization of the Adige valley is still little documented, but it has been
hypothesized that local Mesolithic groups may have gradually adopted a Neolithic lifestyle
(e.g. Bagolini 1980; Bazzanella et al., 2000; Mottes, 2013). According to various scholars, the
second half of the sixth millennium BCE would constitute an “availability phase” (Zvelebil
and Rowley-Conwy, 1984) for the Mesolithic groups of the Alpine region, during which some
elements of the Neolithic economy were adopted within a substantially Mesolithic lifestyle
(Bazzanella et al., 2000; Mottes, 2021). However, the earliest Neolithic sites in the Adige
Valley appear only at the beginning of the fifth millennium BCE (Mottes, 2021), at least half
a millennium after the burial of MBN-1. Although Neolithic settlements were established
from the second half of the sixth millennium BCE in the Po Plain (Pearce, 2013; Starnini et
al., 2018), the earliest evidence of possible contact between late Mesolithic and Neolithic
colonizers comes from the site of Ala Le Corone (ca. 60 km south of Mezzocorona), where
domestic cereal kernels have been found in late Castelnovian layers dated to the last quarter of
the sixth millennium BCE (Mottes, 2021). At the same site, no such evidence has been found
in layers coeval to the date of MBN-1 presented here (Nicolis et al., 2007; Mottes, 2021). The
findings from the site of Romagnano (Loc 11, ca. 20 km south of Mezzocorona), where a
layer dated to ca. 5530-5330 BCE included Castelnovian Mesolithic lithic tools and Neolithic
tools and pottery (Broglio, Kozlowski, 1984; Bazzanella et al., 2000; Fontana et al., 2016)
should be disregarded, as it has been demonstrated that the presence of pottery resulted from
an admixture with later stratigraphic layers (Pearce, 2013; Bazzanella et al., 2000; review in
Mottes, 2021).

Still, further studies on the chronology and archaeological context of MBN-1 are necessary.
As mentioned above, the various dates obtained for this individual show a wide range of
variability, suggesting caution in making inferences based on the one obtained in this study.
Future methodological improvements, for example compound-specific radiocarbon dating of

collagen amino acid (hydroxyproline), may clarify this intriguing issue (Gazzoni et al., 2021).

Regardless of the origin of the attack, it could be argued that evidence collected from the
remains of MBN-1 — who, according to our interpretation, experienced at least two instances
of weapon-related violent attack during her lifetime — would suggest that intergroup violence
was more frequent than an occasional for these small and highly-mobile Mesolithic
communities (Orschiedt et al, 2003; Schulting, 2013; Knusel and Smith, 2014b; Kissel and
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Kim, 2018). Moreover, another burial dated to the Sauveterrian in the area, Vatte di Zambana,
has been included in reviews of Mesolithic evidence of trauma possibly related to violence,
based on radio-ulnar trauma reported in previous catalogues (Estabrook, 2014, citing Newell
et al., 1979). However, the direct examination of that skeleton suggests a more complex
scenario of possible multiple traumatic events and pathological deformities, possibly related
to a congenital and/or degenerative condition that requires further investigation (Corrain et al.,
1976; Sparacello et al., 2018a). Interestingly, the third Mesolithic burial in the area, Mondeval
de Sora, displays pathological changes throughout the skeleton that have been attributed to a
systemic pagetoid condition (Alciati et al., 1994, 1997). It cannot be excluded that, rather than
being representative of the normal life experiences of Mesolithic people in northeastern Italy,
these individuals may have been buried by virtue of their exceptional nature, in continuity
with funerary practices that have been proposed for the earlier Upper Paleolithic. In several
studies, many Gravettian and Epigravettian burials (Middle and Late Upper Paleolithic) are
interpreted as the expression of ritual behaviors aiming at ritually containing or sanctioning
“exceptional people and exceptional events”, based on pathological afflictions, trauma, and
violent events (Formicola, 2007; Pettitt, 2013; Sparacello et al., 2018b, 2021; Trinkaus, 2018;
Trinkaus and Buzhilova, 2018; Jeunesse 2021:320; Knisel et al. 2023). In this light, MBN-1
would therefore provide an indication of the social importance of repeated trauma and violent
interactions for these small bands of hunter-gatherers, rather than informing on the frequency
of violence. The finding of further evidence is necessary to estimate the prevalence of conflict

in the Mesolithic of the northeastern Alps.
5. Conclusions.

Although definitive inferences should not be drawn from a single individual, especially in
bioarchaeological studies, the traumatic history of the female from Mezzocorona is
compatible with a scenario of multiple violent interactions experienced by a Mesolithic
forager in the Adige valley. Although other interpretations of the pattern of trauma are
possible, including multiple accidents, we propose that, over several years, she was attacked
repeatedly, and eventually fatally, by individuals presumably coming from within or outside
her group. Conversely, her group most likely cared for her through medical and ritual
treatment. The proximate and ultimate reasons for these episodes of violence remain
unknown, but this rare case of traumatic recidivism, provided that the life experience of
MBN-1 was representative of her group, contributes to the debate regarding the frequency of
conflict among Mesolithic foragers.

20



O 00 N o v b~ W

10
11
12

13
14
15
16

17

18

19
20
21

22
23
24

25
26
27

28
29

Acknowledgements

Thanks to the Department of Diagnostics and Public Health, Policlinico GB Rossi, University
of Verona, and in particular to Maria Cristina Ambrosetti, Institute of Radiology. We thank
Sireen El Zaatari, Agnes Fatz, Gabriel Ferreira and Christina Kyriakouli at the Institute for
Archeological Sciences and Senckenberg Centre for Human Evolution and
Palaeoenvironment at the University of Ttuibingen for the documentation of the newly
radiocarbon-dated human tooth before sampling. Thanks to the MorphoSource team of Duke
University, in particular to Mackenzie A. Shepard and Doug Boyer. VSS thanks osteologist
Jess “Bop” Perkins, archeologist Dave Warneke, and primatologist Matt Stewart for the
continuous support. Thanks to Marco Desirello, MD Orthopaedic Surgeon at the Galliera
Hospital in Genova, Italy, for providing suggestions on MBN-1 trauma.

VSS has received financial support from the French State in the framework of the
“Investments for the future” Program, IdEx Bordeaux, Project BUR.P.P.H., reference ANR-
10-IDEX-03-02. ID is funded by DM247 2022 MUR Italy Investment 1.2 “Funding projects
presented by young researchers”, grant number MSCA_0000035, project “IEPDA”.

Literature

Alciati, G., Cattani, L., Fontana, F., Gerhardinger, E., Guerreschi, A., Milliken, S., Mozzi, P.,
Rowley-Conwy, P., 1994. Mondeval de Sora: a high altitude Mesolithic campsite in the
Italian Dolomites. Preist. Alp. 28, 351-366.

Alciati, G., Pesce Delfino, V., Vacca, E., 1997. Evidenze patologiche rilevate sullo scheletro
di Mondeval de Sora. Atti XII Congresso Ass. Antropol. Ital., Palermo-Alia, 16-20 sett. 1997.
Antropol. Contemp. 20, 1-3.

AlQahtani, S.J., Hector, M.P., Liversidge, H.M., 2010. Brief communication: The London
atlas of human tooth development and eruption. Am. J. Phys. Anthropol. 142, 481-
490. https://doi.org/10.1002/ajpa.21258

Alt, K.W., Jeunesse, C., Buitrago-Téllez, C.H., Wachter, R., Boés, E., Pichler, S.R., 1997.
Evidence for stone age cranial surgery. Nature 387, 360. https://doi.org/10.1038/387360a0

21


https://doi.org/10.1002/ajpa.21258
https://doi.org/10.1038/387360a0

N o o AN

0o

10
11
12
13

14
15
16
17

18
19

20
21

22
23
24

25
26
27

28
29
30

Alt, K.W., Tejedor Rodriguez, C., Nicklisch, N., Roth, D., Szécsényi Nagy, A., Knipper,

C., Lindauer, S., Held, P., Garcia Martinez de Lagran, I., Schulz, G., Schuerch,

T., Thieringer, F., Brantner, P., Brandt, G., Israel, N., Arcusa Magallén, H., Meyer,

C., Mende, B.G., Enzmann, F., Dresely, V., Ramsthaler, F., Royo Guillén, J.1., Scheurer, E.,
Lopez Montalvo, E., Garrido Pena, R., Pichler, S.L., Rojo Guerra, M.A., 2020. A massacre of
early Neolithic farmers in the high Pyrenees at Els Trocs, Spain. Sci. Rep. 10, 2131.
https://doi.org/10.1038/s41598-020-58483-9

Ambade, V.N., Godbole, H.V., 2006. Comparison of wound patterns in homicide by sharp
and blunt force. Forensic Sci. Int. 156, 166—70. https://doi.org/10.1016/j.forsciint.2004.12.027

Armit, I., Knusel, C.J, Robb, J., Schulting, R., 2007. Warfare and violence in prehistoric
Europe: an introduction, in: Pollard, T., Banks, I. (Eds.), War and Sacrifice — Studies in the
Archaeology of Conflict. Brill, Leiden, pp. 1-10.
https://doi.org/10.1163/157407706778942349

Bagolini, B., 1980. Introduzione al Neolitico dell’Italia Settentrionale nel quadro
dell’evoluzione delle prime culture agricole europee. Introduzione alla ricerca preistorica,
Volume 3. Supplemento Bollettino Societa Naturalisti “Silvia Zenari” 9, Grafiche Editoriali

Artistiche Pordenonesi, Pordenone.

Balakin, S., Nuzhnyi, D., 1995. The origin of graveyards: the influence of landscape elements

on social and ideological changes in prehistoric communities. Prehist. Europ., 7, 191-202.

Barbian, L.T., Sledzik P.S., 2008. Healing following cranial trauma. J. Forensic Sci. 53, 263—
268. https://doi.org/10.1111/j.1556-4029.2007.00651.x

Barnes, E., 2012. Atlas of Developmental Field Anomalies of the Human Skeleton. A
Paleopathological Perspective, John Wiley & Sons, Hoboken, New York.
https://doi.org/10.1002/9781118430699

Bartolini, V., Pinchi, V., Gualco, B., Vanin, S., Chiaracane, G., D’Elia, G., Norelli, G-A.,
Focardi, M., 2018. The iliac crest in forensic age estimation: evaluation of three methods in
pelvis X-rays. Int. J. Legal. Med. 132, 279-288. https://doi.org/10.1007/s00414-017-1629-z

Basford, J.R., Chou, L-S., Kaufman, K.R., Brey, R.H., Walker, A., Malec, J.F., Moessner,
A.M., Brown, A.W., 2003. An assessment of gait and balance deficits after traumatic brain
injury. Arch. Phys. Med. Rehabil. 84 (3): 343-349. https://doi.org/10.1053/apmr.2003.50034

22


https://pubmed.ncbi.nlm.nih.gov/?term=Alt+KW&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Tejedor+Rodr%C3%ADguez+C&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Nicklisch+N&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Roth+D&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Sz%C3%A9cs%C3%A9nyi+Nagy+A&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Knipper+C&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Lindauer+S&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Held+P&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=de+Lagr%C3%A1n+%C3%8DGM&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Schulz+G&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Schuerch+T&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Thieringer+F&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Brantner+P&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Brandt+G&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Israel+N&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Arcusa+Magall%C3%B3n+H&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Meyer+C&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Mende+BG&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Enzmann+F&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Dresely+V&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Ramsthaler+F&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Guill%C3%A9n+JIR&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Scheurer+E&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=L%C3%B3pez+Montalvo+E&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Garrido+Pena+R&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Pichler+SL&cauthor_id=32034181
https://pubmed.ncbi.nlm.nih.gov/?term=Guerra+MAR&cauthor_id=32034181
https://doi.org/10.1038/s41598-020-58483-9
https://doi.org/10.1016/j.forsciint.2004.12.027
https://doi.org/10.1163/157407706778942349
https://doi.org/10.1111/j.1556-4029.2007.00651.x
https://doi.org/10.1002/9781118430699
https://doi.org/10.1007/s00414-017-1629-z
https://doi.org/10.1053/apmr.2003.50034

10
11

12

13
14
15

16
17

18
19

20
21
22

23
24

25

26
27

28
29

Bazzanella, M., Moser, L., Mottes, E., Nicolis, F., 2000. Il Neolitico antico di Mezzocorona-
Borgonuovo (Trento), in: Pessina A., Muscio, G. (Eds.), La Neolitizzazione tra Oriente e
Occidente. Convegno di Studi, Udine, Aprile 1999, pp. 151-171.

Bazzanella, M., Moser, L., Mottes, E., Nicolis, F., 2001. The Neolithic levels of the
Mezzocorona-Borgonuovo site (Trento): preliminary data. Preist. Alp. 34 (1998), 213-226.

Beier, J., Anthes, N., Wahl, J., Harvati, K., 2021. Prevalence of cranial trauma in Eurasian
Upper Paleolithic humans. Am. J. Phys. Anthropol. 174, 268-284.
https://doi.org/10.1002/ajpa.24163

Belcastro, M.G., Rastelli, E., Mariotti, V., 2008. Variation of the degree of sacral vertebral
body fusion in adulthood in two European modern skeletal collections. Am. J. Phys.
Anthropol. 135, 149-160. https://doi.org/10.1002/ajpa.20716

Bennike, P. 1985. Palaeopathology of Danish Skeletons, Akademisk Forlag, Copenhagen.

Bennike, P. 1997. Death in the Mesolithic. Two old men from Korsgr Nor, in: Pedersen, L.,
Fischer, A., Aaby, B. (Eds.), The Danish Storebzlt Since the Ice Age, A/S Storebelt Fixed
Link, Copenhagen, pp. 99-105.

Boulestin, B., 2016. Les Sépultures Mésolithiques de Téviec et Hoedic: Revisions

Bioarchéologiques. Archaeopress Publishing, Oxford.

Brickley, M., lves, R., 2008. The bioarchaeology of metabolic bone disease, Academic Press,
New York.

Brinker, U., Flohr, S., Piek, J., Orschiedt, J., 2014. Human remains from a Bronze Age site in
the Tollense Valley, in: Knisel, C.J, Smith, M.J. (Eds.), The Routledge Handbook of the
Bioarchaeology of Human Conflict. Routledge, New York, pp. 146-160.

Broglio, A., Kozlowski, S.K., 1984. Tipologia ed evoluzione delle industrie mesolitiche di
Romagnano I11. Preist. Alp. 19, 93-148.

Bronk Ramsey, C., 2023. OxCal Version 4.4.4. https://c14.arch.ox.ac.uk/oxcal/OxCal.html#

Brothwell, D.R., 1981. Digging up Bones: The Excavation, Treatment, and Study of Human

Skeletal Remains. 3" ed. New York, Cornell University Press.

Bruzek, J., 2002. A method for visual determination of sex using the human hip bone. Am. J.
Phys. Anthropol. 117, 157-168. https://doi.org/10.1002/ajpa.10012

23


https://doi.org/10.1002/ajpa.24163
https://doi.org/10.1002/ajpa.20716
https://c14.arch.ox.ac.uk/oxcal/OxCal.html
https://doi.org/10.1002/ajpa.10012

10
11

12
13

14
15

16
17
18

19
20
21
22

23
24

25
26
27

28
29
30

Buckberry, J. L., Chamberlain, A.T., 2002. Age estimation from the auricular surface of the
ilium: a revised method. Am. J. Phys. Anthropol. 119, 231-239.
https://doi.org/10.1002/ajpa.10130

Buckley, R.E., Moran, C.G., Apivatthakakul, T. (Eds.), 2017. AO Principles of Fracture
Management, third ed. Thieme Publishing Group, New York. https://doi.org/10.1055/b-006-
149767

Buikstra, J. E., Ubelaker, D., 1994. Standards for data collection from human skeletal
remains. Research series no. 44. Arkansas archeological survey research series, Fayetteville.

Byrnes, J.F., Muller, J.L., 2017. Mind the gap: bridging disability studies and bioarchaeology
—an introduction, in: Byrnes, J.F., Muller, J.L. (Eds.), Bioarchaeology of Impairment and
Disability. Springer, New York, pp. 1-15. https://doi.org/10.1007/978-3-319-56949-9 1

Cahen, D., 1985. Interprétations nouvelles du site de Darion. Bull. Soc. Roy. Belge Anthrop.
Préhist. 96, 75-86.

Calce, S.E., Rogers, T.L., 2007. Taphonomic changes to blunt force trauma: a preliminary
study. J. Forensic Sci. 52, 519-527. https://doi.org/10.1111/j.1556-4029.2007.00405.x

Capo, J.T., 2017. Forearm, shaft, in: Buckley, R.E., Moran, C.G., Apivatthakakul, T. (Eds.),
AO Principles of Fracture Management. Third ed. Thieme Publishing Group, New York, pp.
657-672. https://doi.org/10.1055/b-0038-160850

Cattaneo, C., Cappella, A., 2017. Distinguishing between peri- and post-mortem trauma on
bone, in: Schotsmans, E.M.J., Marquez-Grant, N., Forbes, S.I. (Eds.), Taphonomy of Human
Remains: Forensic Analysis of the Dead and the Depositional Environment. First ed. John
Wiley & Sons Ltd., New York, pp. 352—-368. https://doi.org/10.1002/9781118953358.ch23

Chandrasekhar, S.S. 2013. The assessment of balance and dizziness in the TBI patient.
Neurorehabilit. 32 (3): 445-454. https://doi.org/10.3233/NRE-130867

Chenal, F., Perrin, B., Barrand-Emam, H., Boulestin, B., 2015. A farewell to arms: a deposit
of human limbs and bodies at Bergheim, France, c. 4000 BC. Antiquity 89, 1313-1330.
https://doi.org/10.15184/aqy.2015.180

Chevalier, T., 2019. Trauma in the upper limb of an Upper Paleolithic female from
Caviglione cave (Liguria, Italy): etiology and after-effects in bone biomechanical properties.
Int. J. Paleopath. 24, 94-107. https://doi.org/10.1016/j.ijpp.2018.10.001

24


https://doi.org/10.1002/ajpa.10130
https://doi.org/10.1055/b-006-149767
https://doi.org/10.1055/b-006-149767
http://dx.doi.org/10.1007/978-3-319-56949-9_1
https://doi.org/10.1111/j.1556-4029.2007.00405.x
https://doi.org/10.1055/b-0038-160850
https://doi.org/10.1002/9781118953358.ch23
https://doi.org/10.3233/nre-130867
https://doi.org/10.15184/aqy.2015.180
https://doi.org/10.1016/j.ijpp.2018.10.001

10

11
12
13

14
15

16
17
18

19
20

21
22
23

24
25

26
27
28

Christensen, J., 2004. Warfare in the European Neolithic. Acta Archaeol. 75, 129-156.
https://doi.org/10.1111/j.0065-001X.2004.00014.x

Cohen, H., Sarie, I., Medlej, B., Bocquetin, F., Toledano, T., Hershkovitz, I., Slon, V., 2012.
Trauma to the skull: a historical perspective from the Southern Levant (4300BCE-1917CE).
Int. J. Osteoarch. 24, 722—-736. https://doi.org/10.1002/0a.2258

Corrain, C., Graziati, G., Leonardi, P. 1976. La sepoltura epipaleolitica nel riparo di Vatte di
Zambana (Trento). Preist. Alp. 12, 175-212.

Court-Brown, C.M., Heckman, J.D., McQueen, M.M., Ricci, W.M., Tornetta Ill, P., McKee,
M.D., 2015. Rockwood and Green’s Fractures in Adults, eighth ed. Wolters Kluwer,
Philadelphia.

Cowgill, L W., Mednikova, M.B., Buzhilova, A.P., Trinkaus, E., 2015. The Sunghir 3 Upper
Paleolithic Juvenile: Pathology versus Persistence in the Paleolithic. Int. J. Osteoarchaeol. 25,
176— 187. https://doi.org/10.1002/0a.2273

Crombé, P., Robinson, E. 2019. European Mesolithic: geography and culture, in: Smith, C.
(Ed.), Encyclopedia of Global Archaeology. Springer, New York, pp. 2623-2645.

Crubézy, E., Bruzek, J., Guilaine, J., Cunha, E., Rougé, D., Jelinek, J., 2001. The antiquity of
cranial surgery in Europe and the Mediterranean basin. C. R. Acad. Sci. Paris, Sciences de la
Terre et des planetes 332, 417-423. https://doi.org/10.1016/S1251-8050(01)01546-4

Cummings, V., 2013. The anthropology of hunter-gatherers: key themes for archaeologists,
London, Bloomsbury. https://doi.org/10.4324/9781003086833

Cybulski, J.S., 2014. Conflict of the Northwest Coast, in: Knusel, C.J, Smith, M.J. (Eds.), The
Routledge Handbook of the Bioarchaeology of Human Conflict. Routledge, New York, pp.
415-451.

Dalmeri, G., Mottes, E., Nicolis, F., 2001. The Mesolithic burial of Mezzocorona-
Borgonuovo (Trento) some preliminary comments. Preist. Alp. 34 (1998), 129-138.

Dalmeri, G., Mottes, E., Nicolis, F., 2002. La sepoltura mesolitica di Mezzocorona-
Borgonuovo (Trento). Prime considerazioni. Atti della XXXIII Riunione Scientifica

dell’LI1.P.P. vol. 1, Istituto Italiano di Preistoria e Protostoria, Firenze, pp. 189-203.

25


https://doi.org/10.1111/j.0065-001X.2004.00014.x
https://doi.org/10.1002/oa.2258
https://doi.org/10.1002/oa.2273
https://doi.org/10.1016/S1251-8050(01)01546-4
https://doi.org/10.4324/9781003086833

10
11

12

13
14
15

16
17
18

19
20

21
22
23

24
25
26

27
28
29

DeNiro, M., 1985. Postmortem preservation and alteration of in vivo bone collagen isotope
ratios in relation to palaeodietary reconstruction. Nature 317, 806-809.
https://doi.org/10.1038/317806a0

Draper, P., 1992. Room to maneuver: !Kung women cope with men, in: Counts, D. A.,
Brown, J.K., Campbell, J.C. (Eds.), Sanctions and Sanctuary — Cultural Perspectives on the

Beating of Wives. Westview Press, Boulder, pp. 43-61.

Duday, H., 2009. The Archaeology of the Dead. Lectures in Archaeothanatology (translated
by Cipriani, A.M., Pearce, J.), Oxbow Books, Oxford. https://doi.org/10.2307/].ctt1cdOpkv

Dyer, M., Fibiger, L., 2017. Understanding blunt force trauma and violence in Neolithic
Europe: the first experiments using a skin-skull-brain model and the Thames Beater.
Antiquity 91(360), 1515-1528. https://doi.org/10.15184/aqy.2017.189

Elliot-Smith, G.E., 1908. The most ancient splints. Br. Med. J. 1(2465), 732-734.

Estabrook, V.H., 2014. Violence and warfare in the European Mesolithic and Paleolithic, in:
Allen, M.\W., Jones, T.L. (Eds.), Violence and Warfare among Hunter-Gatherers. Left Coast
Press, California, pp. 49-69

Fagan, G.G., Fibiger, L., Hudson, M., Trundle M. (Eds.), 2020. The Cambridge World
History of Violence. Volume 1: The Prehistoric and Ancient Worlds, Cambridge University
Press, Cambridge. https://doi.org/10.1017/9781316341247

Ferguson, R.B., 1997. Violence and war in prehistory, in: Martin, D.L., Frayer, D.W. (Eds.),
Troubled Times. Gordon & Breach, New York, pp. 321-55.

Fibiger, L., 2014. Misplaced childhood? Interpersonal violence and children in Neolithic
Europe, in: Knusel, C.J., Smith, M.J. (Eds.), The Routledge Handbook of the Bioarchaeology
of Human Conflict. Routledge, New York, pp. 127-145.

Fibiger, L., Ahlstrom, T., Bennike, P., Schulting, R.J., 2013. Patterns of violence-related skull
trauma in Neolithic southern Scandinavia. Am. J. Phys. Anthropol. 150, 190-202.
https://doi.org/10.1002/ajpa.22192

Fontana, F., 2006. La sepoltura di Mondeval de Sora (Belluno). Complessita sociale e
modalita insediative degli ultimi cacciatori-raccoglitori dell’Italia nord-orientale, in: Martini,

F. (Ed.), La Cultura del Morire nelle Societa Preistoriche e Protostoriche Italiane. Studi

26


https://doi.org/10.1038/317806a0
https://doi.org/10.2307/j.ctt1cd0pkv
https://doi.org/10.15184/aqy.2017.189
https://doi.org/10.1017/9781316341247
https://doi.org/10.1002/ajpa.22192

o v B~ W

~N

10
11
12
13

14
15
16

17
18
19

20
21
22
23

24
25
26

27
28

Interdisciplinari dei Dati e loro Trattamento Informatico. Dal Paleolitico all’Eta del Rame,

Istituto Italiano di Preistoria e Protostoria. Origines 3, Firenze, pp. 269-292.

Fontana, F., Cristiani, E., Bertola, S., Briois, F., Guerreschi, A., Ziggiotti, S., 2020. A
snapshot of Late Mesolithic life through death: An appraisal of the lithic and osseous grave
goods from the Castelnovian burial of Mondeval de Sora (Dolomites, Italy). PloS One 15(8):
e0237573. https://doi.org/10.1371/journal.pone.0237573

Fontana, F., Flor, E., Duches, R., 2016. Technological continuity and discontinuity in the
Romagnano Loc 111 rock shelter (NE Italy) Mesolithic series. Quat. Int. 423, 252—265.
https://doi.org/10.1016/j.quaint.2015.10.046

Fontana, F., Govoni, L., Guerreschi, A., Padoanello, S., Siviero, A., Thun Hohenstein, U.,
Ziggiotti, S., 2009. L’occupazione sauveterriana di Mondeval de Sora 1, settore | (San Vito di
Cadore, Belluno) in bilico tra accampamento residenziale e campo da caccia. Preist. Alp. 44,
207-226.

Fontana, F., Visentin, D., 2016. Between the Venetian Alps and the Emilian Apennines
(Northern Italy): Highland vs. lowland occupation in the early Mesolithic. Quat. Int. 423,
266-278. https://doi.org/10.1016/j.quaint.2015.12.014

Formicola, V., 2007. From the Sunghir children to the Romito dwarf: aspects of the Upper
Paleolithic funerary landscape. Curr. Anthropol. 48, 446-453.
https://doi.org/10.1086/517592

Fracasso, T., Schmidt, S., Schmeling, A., 2011. Commentary on: Kremer C, Racette S,
Dionne CA, Sauvageau A. Discrimination of falls and blows in blunt head trauma: systematic
study of the hat brim rule in relation to skull fractures. J. Forensic Sci. 56(6), 1662.
https://doi.org/10.1111/j.1556-4029.2011.01929.x

Frayer, D.W., 1997. Ofnet: Evidence for a Mesolithic Massacre, in: Martin, D.L., Frayer,
D.W. (Eds.), Troubled Times: Violence and Warfare in the Past. Gordon and Breach
Publishers, Amsterdam, pp. 181-216.

Fry, D.P., 2006. The Human Potential for Peace: An Anthropological Challenge to
Assumptions about War and Violence, Oxford University Press, Oxford.

27


https://doi.org/10.1371/journal.pone.0237573
https://doi.org/10.1016/j.quaint.2015.10.046
https://doi.org/10.1016/j.quaint.2015.12.014
https://doi.org/10.1086/517592
https://doi.org/10.1111/j.1556-4029.2011.01929.x

10

11
12
13

14
15

16
17
18
19

20
21

22
23
24
25

26
27

28
29

Fry, D.P., Sddeberg, P., 2014. Myths about hunter-gatherers redux: nomadic forager war and
peace. J. Aggress. Confl. Peace Res. 6(4), 255-266. https://doi.org/10.1108/JACPR-06-2014-
0127

Galloway, A. 1999. Principles for interpretation of blunt force trauma, in: Galloway, A. (Ed.),
Broken Bones. Anthropological Analysis of Blunt Force Trauma. Charles C. Thomas,
Springfield, pp 35-112.

Gazzoni, V., Goude, G., Dalmeri, G., Guerreschi, A., Mottes, E., Nicolis, F., Antonioli, F.,
Fontana, F., 2021. Investigating the diet of Mesolithic groups in the Southern Alps: An
attempt using stable carbon and nitrogen isotope analyses. Bull. Mem. Soc. Anthropol. Paris
33. https://doi.org/10.4000/bmsap.7518

Gerhardinger, M.E., Guerreschi, A., 1989. La découverte d’une sépulture mésolithique a
Mondeval de Sora (Belluno, ltalie), in: Giacobini, G. (Ed.), Hominidae. Proceedings of the 2"

International Congress of Human Paleontology. Jaca Book, Milano, pp. 511-513.

Geserick, G., Krocker, K., Wirth, 1., 2014. Uber die Walcher’sche Hutkrempenregel — eine
Literaturstudie. Arch. Kriminol. 234, 73-90.

Glencross, B., Boz, B., 2014. Representing violence in Anatolia and the Near East during the
transition to agriculture: readings from contextualized human skeletal remains, in: Knsel,
C.J., Smith, M.J. (Eds.), The Routledge Handbook of the Bioarchaeology of Human Conflict.
Routledge, New York, pp. 90-108.

Golitko, M., Keeley, L.H., 2006. Beating ploughshares back into swords: warfare in the
Linearbandkeramik. Antiquity 81, 332-342. https://doi.org/10.1017/S0003598X00095211

Grauer, A.L., Roberts, C.A., 1996. Paleoepidemiology, healing, and possible treatment of
trauma in the Medieval cemetery population of St. Helen-on-the-Walls, York, England. Am.
J. Phys. Anthropol. 100, 531-544. https://doi.org/10.1002/(SICI)1096-
8644(199608)100:4%3C531::AID-AJPA7%3E3.0.CO;2-T

Grimaldi, S., 2005. Un tentativo di definire un modello di territorio e mobilita per i cacciatori

raccoglitori sauveterriani dell’Italia nord-orientale. Preist. Alp. 41, 73-88.

Grinberg, J.M., 2017. Women and men in Mesolithic burials: inequalities in early Postglacial

hunter-gatherer-fisher societies, in: Margarit, M., Boroneant, A. (Eds.), From Hunter-

28


http://dx.doi.org/10.1108/JACPR-06-2014-0127
http://dx.doi.org/10.1108/JACPR-06-2014-0127
https://doi.org/10.4000/bmsap.7518
https://doi/
http://dx.doi.org/10.1017/S0003598X00095211
https://doi.org/10.1002/(SICI)1096-8644(199608)100:4%3C531::AID-AJPA7%3E3.0.CO;2-T
https://doi.org/10.1002/(SICI)1096-8644(199608)100:4%3C531::AID-AJPA7%3E3.0.CO;2-T

10
11

12
13
14

15
16

17
18
19

20

21
22

23
24
25
26

27
28

Gatherers to Farmers. Human Adaptations at the end of the Pleistocene and the First Part of

the Holocene. Editura Cetatea de Scaun, Targoviste, pp. 367-384.

Gueorguiev-Riegg, B., Stoddart, M., 2017. Biology and biomechanics in bone healing, in:
Buckley, R.E., Moran, C.G., Apivatthakakul, T. (Eds.), AO Principles of Fracture
Management. Third ed. Thieme Publishing Group, New York, pp. 9-25.

https://doi.org/10.1055/b-0038-160813

Guilaine, J., Zammit, J., 2001. Le Sentier de la Guerre. Visages de la Violence Préhistorique,

Edition du Seuil, Paris.

Gummesson, S., Hallgren, F., Kjellstrém, A., 2018. Keep your head high: skulls on stakes and
cranial trauma in Mesolithic Sweden. Antiquity 92(361), 74-90.
https://doi.org/10.15184/aqy.2017.210

Guyomarc’h, P., Campagna-Vaillancourt, M., Kremer, C., Sauvageau, A., 2010.
Discrimination of falls and blows in blunt head trauma: a multi-criteria approach. J. Forensic
Sci. 55(2), 423-427. https://doi.org/10.1111/].1556-4029.2009.01310.x

Haas, J., 1999. The origins of war and ethnic violence, in: Carman, J., Harding, A. (Eds.),

Ancient Warfare — Archaeological Perspectives. Sutton Publishing, Stroud, pp. 22-37.

Hahn, D., Chong, K., 2017. Malleoli, in: Buckley, R.E., Moran, C.G., Apivatthakakul, T.
(Eds.), AO Principles of Fracture Management. Third ed. Thieme Publishing Group, New
York, pp. 933-960. https://doi.org/10.1055/b-0038-160864

Harley, G.W., 1970. Native African Medicine. Frank Cass and Co. Ltd, London.

Helber, M.U., Ulrich, C., 2000. External fixation in forearm shaft fractures. Injury 31(Suppl.
1), 45-47. https://doi.org/10.1016/s0020-1383(99)00262-4

Henriques, M., Saliba-Serre, B., Martrille, L., Blum, A., Chaumoitre, K., Donato, P., Campos,
N., Cunha, E., Adalian, P., 2023. Discrimination between falls and blows from the
localization and the number of fractures on CT scans of the skull and the trunk. Forensic Sci.
Res. owad006. https://doi.org/10.1093/fsr/owad006

Hill, K.R., Walker, R.S., Bozi¢evi¢, M., Eder, J., Headland, T., Hewlett, B., Magdalena
Hurtado, A., Marlowe, F., Wiessner, P., Wood, B., 2011. Co-residence patterns in hunter-

29


https://doi.org/10.1055/b-0038-160813
https://doi/
http://dx.doi.org/10.15184/aqy.2017.210
https://doi.org/10.1111/j.1556-4029.2009.01310.x
https://doi.org/10.1055/b-0038-160864
https://doi/
https://doi.org/10.1016/s0020-1383(99)00262-4
https://doi.org/10.1093/fsr/owad006

© 00 N o u b~ W

10
11
12

13
14
15

16
17
18

19
20
21
22
23
24
25

26
27

28
29

30
31

gatherer societies show unique human social structure. Science 311, 1286-1289.
https://doi.org/10.1126/science.1199071

Hodgkins, J., Orr, C.M., Gravel-Miguel, C., Riel-Salvatore, J., Miller, C.E., Bondioli, L.,
Nava, A., Lugli, F., Talamo, S., Hajdinjak, M., Cristiani, E., Romandini, M., Meyer, D.,
Drohobytsky, D., Kuester, F., Pothier-Bouchard, G., Buckley, M., Mancini, L., Baruffaldi, F.,
Silvestrini, S., Arrighi, S., Keller, H.M., Griggs, R.B., Peresani, M., Strait, D.S., Benazzi, S.,
Negrino, F. 2021. An infant burial from Arma Veirana in northwestern Italy provides insights
into funerary practices and female personhood in early Mesolithic Europe. Sci. Rep. 11:
23735. https://doi.org/10.1038/s41598-021-02804-z

Holt, B.M., Fornaciari, G., Formicola, V., 2002. Bone remodeling following a lower leg
fracture in the 11,000-year-old hunter-gatherer from Vado all’ Arancio (Italy). Int. J.
Osteoarchaeol. 12, 402-406. https://doi.org/10.1002/0a.639

Jankovié, L, Balen, J., Ahern, J.C.M., Premuzi¢, Z., Cavka, M., Potrebica, H., Novak, M.,
2017. Prehistoric massacre revealed. Perimortem cranial trauma from Potoc¢ani, Croatia.

Anthropol. Anz. 74, 131-141. https://doi.org/10.1127/anthranz/2017/0688

Jeunesse, C., 2021. Societies without ancestors? Why are so few graves found in the
European Upper Palaeolithic and Mesolithic? Archdol. Korresponden. 51, 309-327.
https://doi.org/10.11588/ak.2021.3.90859

Jeunesse, C., Barrand-Emam, H., Chenal, F., Denaire, A., Mauvilly, M., 2019. La fleche
brisée. La tombe 4/2014 de la nécropole d’Illzach-Mulhouse-Est (Haut-Rhin) et les modalités
du contact entre colons rubanés et chasseurs indigénes dans la plaine du Rhin supérieur durant
le dernier tiers du 6° millénaire AV. J.-C, in : Arbogast, R.-M., Griselin, S., Jeunesse, C.,
Séara, F. (Eds.), Le Second Mésolithique des Alpes a I’ Atlantique (7° — 5° millénaire). Table
Ronde Internationale, Strasbourg, les 3 et 4 novembre 2015. Mémoires d’Archéologie du
Grand-Est 3. Avage, Strasbourg.

Judd, M.A., 2008. The parry problem. J. Archaeol. Sci. 35, 1658-1666.
https://doi.org/10.1016/j.jas.2007.11.005

Judd, M.A., 2012. Ancient injury recidivism: an example from the Kerma period of ancient
Nubia. Int. J. Osteoarchaeol. 12, 89-106. https://doi.org/10.1002/0a.587

Judd, M.A., 2017. Injury recidivism revisited. Clinical research, limitations, and implications

for bioarchaeology, in: Tegtmeyer, C.E., Martin, D.L. (Eds.), Broken Bones, Broken Bodies:

30


https://doi.org/10.1126/science.1199071
https://doi.org/10.1038/s41598-021-02804-z
https://doi.org/10.1002/oa.639
https://doi/
https://doi.org/10.1127/anthranz/2017/0688
https://doi.org/10.11588/ak.2021.3.90859
https://doi.org/10.1016/j.jas.2007.11.005
https://doi.org/10.1002/oa.587

o v B~ W

~N

10

11
12
13

14
15
16

17
18

19
20

21
22

23
24

25
26
27

28
29

Bioarcheological and Forensic Approaches for Accumulative Trauma and Violence.

Lexington Books, London, pp. 1-24.

Kaufman, K.R, Brey, R.H. Chou, L.S., Rabatin, A., Brown, A.W., Basford, J.R., 2006.
Comparison of subjective and objective measurements of balance disorders following
traumatic brain injury. Med. Eng. Phys. 28 (3): 234-239. https://doi.org/
10.1016/j.medengphy.2005.05.005

Kaufman, M.H., Whitaker, D., McTavish, J., 1997. Differential diagnosis of holes in the
calvarium: application of modern clinical data to palaeopathology. J. Archaeol. Sci 24, 193—
218. https://doi.org/10.1006/jasc.1995.0104

Keeley, L.H., 1996. War Before Civilization, Oxford University Press, Oxford.

Keeley, L.H., 1997. Frontier warfare in the Early Neolithic, in: Martin, D.L., Frayer, D.W.
(Eds.), Troubled Times: Violence and Warfare in the Past. Gordon and Breach Publishers,
Amsterdam, pp. 303-3109.

Kellam, J.F., 2017. Fracture classification, in: Buckley, R.E., Moran, C.G., Apivatthakakul, T.
(Eds.), AO Principles of Fracture Management. Third ed. Thieme Publishing Group, New
York, pp. 39-50. https://doi.org/10.1055/b-0038-160815

Kelly, R.C., 2000. Warless Societies and the Origin of War, Ann Arbor, The University of
Michigan Press.

Kelly, R.L., 1995. The Lifeways of Hunter-Gatherers: the Foraging Spectrum, second ed.

Cambridge, Cambridge University Press.

Key, J.A., Conwell, H.E., 1942. The Management of Fractures, Dislocations and Sprains, The
C. V. Mosby Company, St. Louis.

Kim, N.C., Kissel, M., 2018. Emergent Warfare in our Evolutionary Past, Routledge, New
York.

Kimmerle, E.H., Baraybar, J.P., 2008. Skeletal Trauma — Identification of Injuries Resulting
from Human Rights Abuse and Armed Conflict, CRC Press, New York.
https://doi.org/10.1201/9781420009118

Kissel, M., Kim, N.C., 2018. The emergence of human warfare: current perspectives. Am. J.
Phys. Anthropol 168, S67, 141-163. https://doi.org/10.1002/ajpa.23751

31


https://doi.org/10.1016/j.medengphy.2005.05.005
https://doi.org/10.1006/jasc.1995.0104
https://doi.org/10.1055/b-0038-160815
https://doi.org/10.1201/9781420009118
https://doi.org/10.1002/ajpa.23751

o v B~ W

~N

10
11
12

13
14
15

16
17

18
19
20

21
22
23

24
25

26
27
28
29

Kndsel, C.J., 2005. The physical evidence of warfare — subtle stigmata? in: Parker Pearson

M., Thorpe, I.J.N. (Eds.), Warfare, Violence and Slavery. Archaeopress, Oxford, pp. 49-65.

Knsel, C.J. 2014. Courteous knights and cruel avengers: a consideration of the changing
social context of medieval warfare from the perspective of human remains, in Kntsel, C.J.,
Smith, M.J. (Eds.) The Routledge Handbook of the Bioarchaeology of Human Conflict.
Routledge, New York, pp. 263-281.

Knusel, C.J., Smith, M.J., 2014a. Introduction: the bioarchaeology of conflict, in: Knusel,
C.J., Smith, M.J. (Eds.), The Routledge Handbook of the Bioarchaeology of Human Conflict.
Routledge, New York, pp. 3-24.

Kndsel, C.J., Smith, M.J., 2014b. The osteology of conflict — what does it all mean? in:
Kndsel, C.J., Smith, M.J. (Eds.), The Routledge Handbook of the Bioarchaeology of Human
Conflict. Routledge, New York, pp. 656-694.

Kndsel, Christopher J., Thibeault, A., Villotte, S. 2023. A cranial injury from the earliest
Gravettian at the Cro-Magnon rock shelter (Vézére Valley, Dordogne, southwest France). J.
Hum. Evol. 177: 103329. https://doi.org/10.1016/].Jhevol.2023.103329

Kranioti, E., 2015. Forensic investigation of cranial injuries due to blunt force trauma: current
best practice. Res. Rep. Forensic Med. Sci. 5, 25-37. https://doi.org/10.2147/RRFMS.S70423

Kremer, C., Racette, S., Dionne, C.-A., Sauvageau, A., 2008. Discrimination of falls and
blows in blunt head trauma: systematic study of the hat brim line rule in relation to skull
fractures. J. Forensic Sci. 53, 716-719. https://doi.org/ 10.1111/].1556-4029.2008.00725.x

Kremer, C., Sauvageau, A., 2009. Discrimination of falls and blows in blunt head trauma:
assessment of predictability through combined criteria. J. Forensic Sci. 54, 923-926.
https://doi.org/10.1111/j.1556-4029.2009.01072.x

Kroman, A., Kress, T., Porta, D., 2011. Fracture propagation in the human cranium: A re-
testing of popular theories. Clin. Anat. 24, 309-318. https://doi.org/10.1002/ca.21129

Kulvatunyou, N., Friese, R.S., Joseph, B., O'Keeffe, T., Wynne, J.L., Tang, A.L., Rhee, P.,
2012. Incidence and pattern of cervical spine injury in blunt assault: it is not how they are hit,
but how they fall. J. Trauma. Acute Care Surg. 72, 271-275.
https://10.1097/TA.0b013e318238b7ca

32


https://doi.org/10.1016/j.jhevol.2023.103329
https://doi.org/10.2147/RRFMS.S70423
https://doi/
https://doi.org/10.1111/j.1556-4029.2008.00725.x
https://doi.org/10.1111/j.1556-4029.2009.01072.x
https://doi.org/10.1002/ca.21129
https://10.0.4.73/TA.0b013e318238b7ca

~ W N

w

10
11

12
13
14

15
16
17
18

19
20
21

22
23

24
25
26

27
28

29
30

Leblanc, S., 2020. The origins of warfare and violence, in: Fagan, G.G., Fibiger, L., Hudson,
M., Trundle, M. (Eds.), The Cambridge World History of Violence. Volume 1: The
Prehistoric and Ancient Worlds. Cambridge University Press, Cambridge, pp. 39-57.
https://doi.org/10.1017/9781316341247.003

Lillie, M.C., 1998. Mesolithic and Neolithic populations of Ukraine: indications of diet from
dental pathology. Curr. Anthropol. 37, 135-142.

Lillie, M.C., 2004. Fighting for your Life? Violence at the Late-glacial to Holocene transition
in Ukraine, in: Roksandic, M. (Eds.), Violent Interactions in the Mesolithic. Evidence and

Meaning. Archaeopress, BAR International Series, Oxford, pp. 89-96.

Lomas, W., 2009. Conflict, violence, and conflict resolution in hunting and gathering
societies. TOTEM 17, 13. https://doi.org/10.5206/uwoja.v17i1.8893

Loth, S.R., Henneberg, M., 1996. Mandibular ramus flexure: a new morphologic indicator of
sexual dimorphism in the human skeleton. Am. J. Phys. Anthropol. 99, 473-485.
https://doi.org/10.1002/(S1CI1)1096-8644(199603)99:3<473::AlD-AJPA8>3.0.CO;2-X

Lottering, N., Alston-Knox, C.L., MacGregor, D.M., Izatt, M.T., Grant, C.A., Adam, C.J.,
Gregory, L.S., 2017. Apophyseal ossification of the iliac crest in forensic age estimation:
computed tomography standards for modern Australian subadults. J. Forensic Sci. 62, 292—
307. https://doi.org/10.1111/1556-4029.13285

Lovejoy, C.O., 1985. Dental wear in the Libben population: its functional pattern and role in
the determination of adult skeletal age at death. Am. J. Phys. Anthropol. 68, 47-
56. https://doi.org/10.1002/ajpa.1330680105

Lovell, N.C., 1997. Trauma analysis in paleopathology. Am. J. Phys. Anthropol., 104, 139-
170. https://doi.org/10.1002/(SIC1)1096-8644(1997)25+<139::AID-AJPA6>3.0.CO;2-#

Mann, R.W., Hunt, D.R., Lozanoff, S., 2016. Photographic Regional Atlas of Non-Metric
Traits and Anatomical Variants in the Human Skeleton, Charles C Thomas Publisher Ltd,
Springfield. https://doi.org/10.1002/ca.22828

Martin, D., Harrod, R., Perez, V., 2012. Introduction, in: Martin, D., Harrod, R., Perez, V.
(Eds.), The Bioarchaeology of Violence. University Press of Florida, Gainesville, pp. 1-10.

McRae, R., Esser, M., 2008. Practical Fracture Treatment, fifth ed. Elsevier Churchill
Livingstone, London.

33


https://doi.org/10.1017/9781316341247.003
https://doi.org/10.5206/uwoja.v17i1.8893
https://doi.org/10.1002/(sici)1096-8644(199603)99:3%3C473::aid-ajpa8%3E3.0.co;2-x
https://doi.org/10.1111/1556-4029.13285
https://doi.org/10.1002/ajpa.1330680105
https://doi.org/10.1002/(SICI)1096-8644(1997)25+%3C139::AID-AJPA6%3E3.0.CO;2-
https://doi.org/10.1002/ca.22828

N oo o b w

00

10

11
12
13

14
15

16
17

18
19
20

21
22
23
24

25
26
27
28

29
30

Meindl, R.S., Lovejoy, C.O., 1985. Ectocranial suture closure: a revised method for the
determination of skeletal age at death based on the lateral-anterior sutures. Am. J. Phys.
Anthropol. 68, 57-66. https://doi.org/10.1002/ajpa.1330680106

Meyer, C., 2020. Early massacres: mass violence in Neolithic Europe, in: Fagan, G.G.,
Fibiger, L., Hudson, M., Trundle M. (Eds.), The Cambridge World History of Violence.
Volume 1: The Prehistoric and Ancient Worlds. Cambridge University Press, Cambridge, pp.
299-319. https://doi.org/10.1017/9781316341247.016

Meyer, C., Lohr, C., Gronenborn, D., Alt, K.W., 2015. The massacre mass grave of
Schoneck-Kilianstadten reveals new insights into collective violence in Early Neolithic
Central Europe. PNAS 112(36), 11217-11222. https://doi.org/10.1073/pnas.1504365112

Meyer, C., Knipper, C., Nicklisch, N. Munster, A., Kirbis, O., Dresely, V., Meller, H., Alt,
K.W., 2018. Early Neolithic executions indicated by clustered cranial trauma in the mass
grave of Halberstadt. Nat. Commun. 9, 2472. https://doi.org/10.1038/s41467-018-04773-w

Milner, G.R., 1995. An osteological perspective on prehistoric warfare, in: Beck, L.A. (Ed.),
Regional Approaches to Mortuary Analysis. Plenum Press, New York, pp. 221-238.

Mithen, S. 1994. The Mesolithic age, in: Cunliffe, B. (Ed.), Prehistoric Europe: An Illustrated
History. Oxford University Press, Oxford, pp. 79-135.

Moreno- Ibafiez, M.A., Fibiger, L., Saladié, P., 2023. Unraveling Neolithic sharp-blunt cranial
trauma: Experimental approach through synthetic analogues. J. Archaeol. Sci. 151, 105739.
https://doi.org/10.1016/j.jas.2023.105739

Mottes, E., 2013. 1l Neolitico dell’Alto Garda: aspetti culturali e dinamiche insediative nel
quadro della Preistoria del territorio sudalpino centro-orientale, in: Brogiolo, G.P. (Ed.),
APSAT 3, Paesaggi Storici del Sommolago, Progetti di Archeologia. SAP, Mantova, pp. 89-
115.

Mottes, E., 2021. Evoluzione della cultura dei vasi a bocca quadrata nel territorio trentino
della valle dell’Adige, in: Mottes, E. (Ed.), Vasi a Bocca Quadrata, Evoluzione delle
Conoscenze — Nuovi Approcci Interpretativi. Provincia autonoma di Trento — Ufficio beni

archeologici, Trento, pp. 177-205.

Mottes, E., Nicolis, F., 2019, Forme della ritualita funeraria tra etd del Rame e antica eta del

Bronzo nel territorio della Valle dell’ Adige (Trentino Alto Adige, Italia settentrionale). Nota

34


https://doi.org/10.1002/ajpa.1330680106
https://doi.org/10.1017/9781316341247.016
https://doi.org/10.1073/pnas.1504365112
https://doi.org/10.1038/s41467-018-04773-w
https://doi.org/10.1016/j.jas.2023.105739

~ W N

w

10
11

12
13
14
15

16
17
18

19
20
21

22
23
24
25

26
27

28
29

di aggiornamento, in: Martini, F., Salzani, L. (Eds.), Un Lungo Percorso di Scienza. Scritti in
Onore di Leone Fasani, Memorie del Museo Civico di Storia Naturale di VVerona — 2. serie —
Sezione Scienze dell’Uomo — 13, Millenni. Studi di Archeologia Preistorica 22. Museo Civico
di Storia Naturale di Verona, pp. 191-2109.

Newell, R.R., Constandse-Westermann, T.S., Meiklejohn, C., 1979. The Skeletal Remains of
Mesolithic Man in Western Europe: An Evaluative Catalogue. J. Hum. Evol. 8, 1-288.

Nicolis, F., 1996. Strutture e riti funebri: 1’Italia settentrionale, in: Cocchi Genick, D. (Ed.),
L’antica Eta del Bronzo in Italia. Octavo, pp. 337-344.

Nicolis, F., 2001. Il culto dei morti nell'antica e media eta del Bronzo, in: Lanzinger, M.,
Marzatico, F., Pedrotti, A. (Eds), Storia del Trentino. I. La Preistoria e la Protostoria. Il
Mulino, Bologna, pp. 337-365.

Nicolis, F., 2004. Le evidenze funerarie dell'antica eta del Bronzo in Italia settentrionale, in:
Besse, M., Desideri, J. (Eds.), Graves and Funerary Rituals During the Late Neolithic and the
Early Bronze Age in Europe (2700-2000 BC). Archaeopress, BAR International Series 1284,
Oxford, pp. 111-145.

Nicolis, F., Mottes, E., Degasperi, N., Conci, C., 2007. Il riparo sottoroccia di Ala Le Corone
(Trento) in Valle dell’ Adige. Considerazioni preliminari sulla sequenza stratigrafica e

culturale. Quaderni Culturali Caprinesi, Archeologia, Il Baldo nell’ Antichita, 2, pp. 78-94

Orschiedt, J., 2005. The head burials from Ofnet cave: an example of warlike conflict in the
Mesolithic, in: Parker Pearson, M., Thorpe, I1.J.N. (Eds.), Warfare, Violence and Slavery in
Prehistory. Archaeopress, BAR International Series 1374, Oxford, pp. 67—73.

Orschiedt, J., HauRer, A., Haidle, M.N., Alt, K.W., Buitrago-Téllez, C.H., 2003. Survival of a
multiple skull trauma: the case of an Early Neolithic individual from the LBK enclosure at
Herxheim (Southwest Germany). Int. J. Osteoarch. 13, 375-383.
https://doi.org/10.1002/0a.704

Ortner, D.J., 2003. Identification of pathological conditions in human skeletal remains, second

ed. Academic Press, New York.

Otto, T., Thrane, H., Vandkilde, H., (Eds.), 2006. Warfare and Society. Archaeological and

Social Anthropological perspectives, Aarhus University Press, Aarhus.

35


https://doi.org/10.1002/oa.704

a v A~ W N

~

10
11
12

13
14
15

16
17
18

19

20
21
22
23
24
25
26
27

28
29
30

Oxilia, G., Bortolini, E., Badino, F., Bernardini, F., Gazzoni, V., Lugli, F., Romandini,

M., Radini, A., Terlato, G., Marciani, G., Silvestrini, S., Menghi Sartorio, J.C., Thun
Hohenstein, U., Fiorenza, L., Kullmer, O., Tuniz, C., Moggi Cecchi, J., Talamo,

S., Fontana, F., Peresani, M., Benazzi, S., Cristiani, E., 2020. Exploring late Paleolithic and
Mesolithic diet in the Eastern Alpine region of Italy through multiple proxies. Am. J. Phys.
Anthropol. 174, 232—253. https://doi.org/10.1002/ajpa.24128

Oyebola, D.D.O., 1980. Yoruba traditional bonesetters: the practice of orthopaedics in a
primitive setting in Nigeria. J. Trauma 20(4), 312-22.

Partiot, C., Bessou, M., Chavent, M., Dodré, E., Maureille, B., Thomas, A., 2017.
Identification des cas de trepanations dans les populations anciennes: base de données et outil
interactif de soutien au diagnostic différentiel. Bull. Mem. Soc. Anthropol. Paris 29, 185-194.
https://doi.org/10.1007/s13219-017-0184-y

Passalacqua, N.V., Fenton, T.W., 2012. Developments in skeletal trauma: blunt-force trauma,
in: Dirkmaat, D.C. (Ed.), A Companion to Forensic Anthropology. Blackwell Publishing Ltd,
Oxford, pp. 400-411. https://doi.org/10.1002/9781118255377.ch19

Pearce, M., 2013. Rethinking the North Italian Early Neolithic, Specialist Studies on Italy.
Accordia Research Institute, University of London, London, vol. 17.
https://doi.org/10.1179/146195714X13820028180522

Pettitt, P., 2013. The Palaeolithic Origin of Human Burial, Routledge, London.

Reimer, P., Austin, W., Bard, E., Bayliss, A., Blackwell, P., Bronk Ramsey, C., Butzin, M.,
Cheng, H., Edwards, R., Friedrich, M., Grootes, P., Guilderson, T., Hajdas, I., Heaton, T.,
Hogg, A., Hughen, K., Kromer, B., Manning, S., Muscheler, R., Palmer, J., Pearson, C., van
der Plicht, J., Reimer, R., Richards, D., Scott, E., Southon, J., Turney, C., Wacker, L.,
Adolphi, F., Blntgen, U., Capano, M., Fahrni, S., Fogtmann-Schulz, A., Friedrich, R., Kéhler,
P., Kudsk, S., Miyake, F., Olsen, J., Reinig, F., Sakamoto, M., Sookdeo, A., Talamo, S., 2020.
The IntCal20 Northern Hemisphere radiocarbon age calibration curve (0-55 cal kBP).
Radiocarbon, 62, 725-757. https://doi.org/10.1017/RDC.2020.41

Reyna, S.P., 1994. A mode of domination approach to organized violence, in: Reyna, S.P.,
Downs, R.E (Eds.), Studying War. Anthropological Perspectives. Gordon and Breach
Publishers, Amsterdam, pp. 29-65.

36


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Oxilia%2C+Gregorio
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Bortolini%2C+Eugenio
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Badino%2C+Federica
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Bernardini%2C+Federico
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Gazzoni%2C+Valentina
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Lugli%2C+Federico
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Romandini%2C+Matteo
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Radini%2C+Anita
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Terlato%2C+Gabriele
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Marciani%2C+Giulia
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Silvestrini%2C+Sara
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Menghi+Sartorio%2C+Jessica+C
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Thun+Hohenstein%2C+Ursula
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Thun+Hohenstein%2C+Ursula
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Fiorenza%2C+Luca
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Kullmer%2C+Ottmar
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Tuniz%2C+Claudio
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Moggi+Cecchi%2C+Jacopo
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Talamo%2C+Sahra
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Fontana%2C+Federica
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Peresani%2C+Marco
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Benazzi%2C+Stefano
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Cristiani%2C+Emanuela
https://doi.org/10.1002/ajpa.24128
https://doi.org/10.1007/s13219-017-0184-y
https://doi.org/10.1002/9781118255377.ch19
https://doi.org/10.1179/146195714X13820028180522
https://doi.org/10.1017/RDC.2020.41

~ W N

Rios, L., Garcia-Rubio, A., Martinez, B., Herrasti, L., Etxeberria, F., 2014. Patterns of peri-
mortem trauma in skeletons recovered from mass graves from the Spanish Civil War (1936-
9), in: Knusel, C.J, Smith, M.J. (Eds.), The Routledge Handbook of the Bioarchaeology of
Human Conflict. Routledge, New York, pp. 621-640.

Roberts, C., 1991. Trauma and treatment in the British Isles in the Historic Period: A design
for multidisciplinary research, in: Ortner, D.J., Aufderheide, A.C. (Eds.), Human

Paleopathology: Current Syntheses and Future Options. Smithsonian Institution Press,

o N O U

10

11
12
13

14
15
16
17

18
19

20
21
22

23
24
25
26

27
28
29
30

Washington, DC, pp. 225-240.

Roberts, C., Manchester, K., 2010. The Archaeology of Disease, Third Edition. The History

Press, Stroud.

Rogers, T., 2004. Recognizing inter-personal violence: a forensic perspective, in: Roksandic,
M. (Ed.), Violent Interactions in the Mesolithic: Evidence and Meaning. Archaeopress, BAR
International Series Volume 1237, Oxford, pp. 9-21.

Roksandic, M., 2004. Introduction: how violent was the Mesolithic, or is there a common
pattern of violent interactions specific to sedentary hunter-gatherers? in: Roksandic, M. (Ed.),
Violent Interactions in the Mesolithic: Evidence and Meaning. Archaeopress, BAR

International Series Volume 1237, Oxford, pp. 1-7.

Roksandic, M., 2006. Violence in the Mesolithic. Doc. Praehist. 33, 165-182.

https://doi.org/10.4312/dp.33.16

Roksandic, M., Djuri¢, M., Rakocevié, Z., Seguin, K., 2006. Interpersonal violence at
Lepenski Vir Mesolithic/Neolithic Complex of the Iron Gates Gorge (Serbia-Romania). Am.
J. Phys. Anthropol. 129, 339-348. https://doi.org/10.1002/ajpa.20286

Sassoon, A.A., Langford, J., Haidukewych, G.J., 2015. Subtrochanteric femur fractures, in:
Court-Brown, C.M., Heckman, J.D., McQueen, M.M., Ricci, W.M., Tornetta Ill, P., McKee,
M.D. (Eds.), Rockwood and Green’s Fractures in Adults. Eighth ed. Wolters Kluwer,

Philadelphia, pp. 2131-2148.

Sauer, N.J., 1998. The timing of injuries and manner of death: distinguishing among
antemortem, perimortem and postmortem trauma, in: Reichs, K.J., (Ed.), Forensic Osteology:
Advances in the Identification of Human Remains. Second ed. Charles C. Thomas,

Springfield, pp. 321-332.

37



https://doi.org/10.4312/dp.33.16
https://doi.org/10.1002/ajpa.20286

10
11
12

13
14
15
16

17
18
19

20
21
22

23
24

25
26
27
28

Saukko, P.J., Knight, B., 2016. Knight’s Forensic Pathology, fourth ed. Hodder Arnold,
London.

Schmidt, B.E., Schroder, I.W. (Eds.). 2001. Anthropology of Violence and Conflict.
Routledge, London.

Schulting, R., 1996. Antlers, bone pins and flint blades: the Mesolithic cemeteries of Téviec
and Hoédic, Brittany. Antiquity 70, 335-50. https://doi.org/10.1017/S0003598X00083319

Schulting, R., 2003. The marrying kind: evidence for a patrilocal postmarital residence pattern
in the Mesolithic of southern Brittany? in: Larsson, L., Kindgren, H., Knutsson, K., Leoffler,
D., Akerlund, A., (Eds.), Mesolithic on the Move. Oxbow books, Oxford, pp. 431-441.

Schulting, R.J., 2006. Skeletal evidence and contexts of violence in the European Mesolithic
and Neolithic, in: Gowland, R., Knusel C.J. (Eds.), Social Archaeology of Funerary Remains.
Oxbow books, Oxford, pp. 224-237.

Schulting, R.J., 2012. Skeletal evidence for interpersonal violence: beyond mortuary
monuments in southern Britain, in: Schulting, R.J., Fibiger, L. (Eds.), Stick, Stones, and
Broken Bones: Neolithic Violence in a European Perspective. Oxford University Press,
Oxford, pp. 223-248. https://doi.org/10.1093/acprof:0s0bl/9780199573066.003.0013

Schulting, R.J., 2013. War without warriors? The nature of interpersonal conflict before the
emergence of formalized warrior elites, in: Ralph, S. (Ed.), The Archaeology of Violence.
Interdisciplinary Approaches. SUNY, New York, pp. 19-36.

Schulting, R., Fibiger, L. (Eds.), 2012. Sticks, Stones and Broken Bones: Neolithic Violence
in a European Perspective, Oxford University Press, Oxford.
https://doi.org/10.1093/acprof:0sobl/9780199573066.001.0001

SedImeier, J., Kaufmann, B., 1996. Die mesolithische Bestattung in der Birsmatten-
Basisgrotte (Nenzlingen BL). Archdol. Schw. 19, 140-145.

Shantz, J.S., Marcucio, R., Kim, H.T., Miclau Ill, T., 2015. Bone and cartilage healing, in:
Court-Brown, C.M., Heckman, J.D., McQueen, M.M., Ricci, W.M., Tornetta IlI, P., McKee,
M.D. Rockwood and Green’s Fractures in Adults. Eighth ed. Wolters Kluwer, Philadelphia,
pp. 109-125.

38


http://dx.doi.org/10.1017/S0003598X00083319
https://doi.org/10.1093/acprof:osobl/9780199573066.003.0013
https://doi.org/10.1093/acprof:osobl/9780199573066.001.0001

N oo o b w

00

10
11
12
13

14
15
16
17

18
19
20

21
22
23
24

25
26
27
28
29
30

Smith, M.J., 2014. The war to begin all wars? Contextualizing violence in Neolithic Britain,
in: Knusel, C.J., Smith, M.J. (Eds.), The Routledge Handbook of the Bioarchaeology of
Human Conflict. Routledge, New York, pp. 109-126.

Smits, E., 2012. Interpersonal violence in the Netherlands, in: Schulting, R.J., Fibiger, L.
(Eds.), Stick, Stones, and Broken Bones: Neolithic Violence in a European Perspective.
Oxford University Press, Oxford, pp. 191-206.
https://doi.org/10.1093/acprof:0sobl/9780199573066.003.0011

Sparacello, V.S., Dori, |, Rossi. S., Varalli, A., Riel-Salvatore, J., Miguel-Gravel, C., Riga,
A., Seghi, F., Goude, G., Palstra, S.W.L., Starnini, E., Formicola, V., Moggi-Cecchi, J., 2021.
New human remains from the Late Epigravettian necropolis of Arene Candide (Liguria,
northwestern Italy): direct radiocarbon evidence and inferences on the funerary use of the
cave during the Younger Dryas. Quat. Sci. Rev. 268, 107131.
https://doi.org/10.1016/j.quascirev.2021.107131

Sparacello, V.S, Panelli, C., Rossi, S., Dori, I., Varalli, A., Goude, G., Starnini, E., Biagi, P.,

2019. The re-discovery of Arma dell’ Aquila (Finale Ligure, Italy): New insights on Neolithic
funerary behavior from the sixth millennium BCE in the north-western Mediterranean. Quat.

Int. 512, 67-81. https://doi.org/10.1016/J.QUAINT.2019.02.003

Sparacello, V.S., Rossi, S., Pettitt, P., Roberts, C.A., Riel-Salvatore, J., Formicola, V., 2018b.
New insights on Final Epigravettian funerary behavior at Arene Candide Cave (Western
Liguria, Italy). J. Anthropol. Sci. 96, 161-184. https://doi.org/10.4436/JASS.96003

Sparacello, V.S., Samsel, M., Villotte, S., Varalli, A., Schimmenti, V., Sineo, L., 2020a.
Inferences on Sicilian Mesolithic subsistence patterns from cross-sectional geometry and
entheseal changes. Archaeol. Anthropol. Sci. 12(5), 101. https://doi.org/10.1007/s12520-020-

01044-y.

Sparacello, V.S., Varalli, A., Rossi, S., Panelli, C., Goude, G., Palstra, S.W.L., Conventi, M.,
Del Lucchese, A., Arobba, D., De Pascale, A., Zavattaro, M., Garibaldi, P., Rossi, G.,
Molinari, 1., Maggi, R., Moggi-Cecchi, J., Starnini, E., Biagi, P., Dori, I., 2020b. Dating the
funerary use of caves in Liguria (northwestern Italy) from the Neolithic to historic times:
results from a large-scale AMS campaign on human skeletal series. Quat. Int. 536, 30—44.
https://doi.org/10.1016/j.quaint.2019.11.034.

39


https://doi.org/10.1093/acprof:osobl/9780199573066.003.0011
https://doi.org/10.1016/j.quascirev.2021.107131
https://doi.org/10.1016/J.QUAINT.2019.02.003
https://doi.org/10.4436/jass.96003
https://doi.org/10.1007/s12520-020-01044-y
https://doi.org/10.1007/s12520-020-01044-y
https://doi.org/10.1016/j.quaint.2019.11.034

v b~ W N

)]

10
11
12

13

14
15
16

17
18

19

20
21

22
23
24

25
26

27
28
29

Sparacello, V.S., Villotte, S., Shaw, C.N., Fontana, F., Mottes, E., Starnini, E., Dalmeri, G.,
Marchi, D., 2018a. Changing mobility patterns at the Pleistocene-Holocene transition: the
biomechanics of the lower limb of Italian Gravettian and Mesolithic individuals, in: Cristiani,
E., Borgia, V. (Eds.), Palaeolithic Italy: Advanced Studies on Early Human Adaptations in the
Apennine Peninsula. Sidestone Press, Leiden, pp. 357-396.

Starnini, E., Biagi, P., Mazzucco, N., 2018. The beginning of the Neolithic in the Po Plain
(northern Italy): problems and perspectives. Quat. Int. 470, 301-317.
https://doi.org/10.1016/j.quaint.2017.05.059

Streubel, P.N., Pesantex, R.F., 2015. Diaphyseal fractures of the radius and ulna, in: Court-
Brown, C.M., Heckman, J.D., McQueen, M.M., Ricci, W.M., Tornetta Ill, P., McKee, M.D.
(Eds.), Rockwood and Green’s Fractures in Adults. Eighth ed. Wolters Kluwer, Philadelphia,
pp. 1121-1177.

Stewart, P.J., Strathern, A. 2002. Violence: Theory and Ethnography. Continuum, London.

Stuart-Macadam, P., Glencross, B., Kricun, M., 1998. Traumatic bowing deformities in
tubular bones. Int. J. Osteoarchaeol. 8, 252—262. https://doi.org/10.1002/(SIC1)1099-
1212(199807/08)8:4<252::AID-0OA425>3.0.CO;2-Z

Tilley, L., 2015. Theory and Practice in the Bioarchaeology of Care, Cham, Springer
International Publishing, Switzerland. https://doi.org/10.1007/978-3-319-18860-7

Thorpe, 1.J.N., 2000. Origins of War. Mesolithic conflict in Europe. Brit. Archaeol. 52, 9-12.

Thorpe, 1.J.N., 2003. Anthropology, archaeology, and the origin of warfare. World Archaeol.
35, 145-165. https://doi.org/10.1080/0043824032000079198

Thorpe, 1.J.N., 2005. The ancient origins of warfare and violence, in: Parker Pearson, M.,
Thorpe, I.J.N. (Eds.), Warfare, Violence and Slavery in Prehistory. Archaeopress, BAR
International Series Volume 1374, Oxford, pp. 1-19.

Tolan-Smith, C. 2008. Mesolithic Britain, in: Bailey, G., Spikins, P., (Eds.), Mesolithic
Europe. Cambridge University Press, Cambridge, pp. 132-157.

Trinkaus, E., 2005. The upper limb remains, in: Trinkaus, E., Svoboda, J.A., (Eds.), Early
Modern human evolution in Central Europe: the people of Dolni Vé&stonice and Pavlov.
Oxford University Press, Oxford, pp. 380-418.

40


https://doi.org/10.1016/j.quaint.2017.05.059
https://doi.org/10.1002/(SICI)1099-1212(199807/08)8:4%3C252::AID-OA425%3E3.0.CO;2-Z
https://doi.org/10.1002/(SICI)1099-1212(199807/08)8:4%3C252::AID-OA425%3E3.0.CO;2-Z
http://dx.doi.org/10.1007/978-3-319-18860-7
http://dx.doi.org/10.1080/0043824032000079198

10
11

12
13

14
15
16

17
18
19

20
21
22

23
24
25

26
27

28
29

Trinkaus, E., 2011. Late Pleistocene adult mortality patterns and modern human
establishment. PNAS 108, 1267-1271. https://doi.org/10.1073/pnas.1018700108

Trinkaus, E., 2012. Neandertals, early modern humans, and rodeo riders. J. Archaeol. Sci. 39,
3691-3693. https://doi.org/10.1016/].jas.2012.05.039

Trinkaus, E., 2015. The appendicular skeletal remains of Oberkassel 1 and 2, in: Giemsch, L.,
Schmitz, R.W., (Eds.), The Late Glacial Burial from Oberkassel Revisited. Verlag Phillip von
Zabern, Darmstadt, pp. 75-132.

Trinkaus, E., 2018. An abundance of developmental anomalies and abnormalities in
Pleistocene people. PNAS 115, 11941-11946. https://doi.org/10.1073/pnas.1814989115

Trinkaus, E., Buzhilova, A.P., 2018. Diversity and differential disposal of the dead at Sunghir.
Antiquity 92, 7-21. https://doi.org/10.15184/aqy.2017.223

Ubelaker, D.H., Adams, B.J. 1995. Differentiation of perimortem and postmortem trauma

using taphonomic indicators. J. Forensic Sci. 40(3), 509-512

Ubelaker, D.H., Montaperto, K.M., 2014. Trauma interpretation in the context of biological
anthropology, in: Knisel, C.J., Smith, M.J. (Eds.), The Routledge Handbook of the
Bioarchaeology of Human Conflict. Routledge, New York, pp. 25-38.

Ubelaker, D.H., Khosrowshahi, H., 2019. Estimation of age in forensic anthropology:
historical perspective and recent methodological advances. Forensic. Sci. Res. 4, 1-9.
https://doi.org/10.1080/20961790.2018.1549711

Uhrenholt, L., Hauge, E., Charles, A.V., Gregersen, M., 2008. Degenerative and traumatic
changes in the lower cervical spine facet joints. Scand. J. Rheumatol. 37, 375-384.
https://doi.org/10.1080/03009740801998770

Van Vlasselaer, N., Van Roy, P., Cattrysse, E., 2017. Morphological asymmetry of the
superior cervical facets from C3 through C7 due to degeneration. BioMed Res. Int., 5216087.
https://doi.org/10.1155/2017/5216087

Vencl, S., 1999. Stone Age warfare, in: Carman, J., Harding, A.F. (Eds.), Ancient Warfare,
Archaeological Perspectives. Sutton Publishing Ltd., Phoenix Mill, pp. 57-73.

Walker, P.L., 1989. Cranial injuries as evidence of violence in prehistoric Southern
California. Am. J. Phys. Anthropol. 80, 313-323. https://doi.org/10.1002/ajpa.1330800305

41


https://doi.org/10.1073/pnas.1018700108
https://doi.org/10.1016/j.jas.2012.05.039
https://doi.org/10.1073/pnas.1814989115
https://doi.org/10.15184/aqy.2017.223
https://doi.org/10.1080/20961790.2018.1549711
https://doi.org/10.1080/03009740801998770
https://doi.org/10.1155/2017/5216087
https://doi.org/10.1002/ajpa.1330800305

10

11
12
13

Walker, P.L., 2001. A bioarchaeological perspective on the history of violence. Annu. Rev.
Anthropol. 30, 573-96. https://doi.org/10.1146/annurev.anthro.30.1.573

Walshe, K., Brophy, B., Cornish, B., Byard, R.W., 2016. Healed Depressed Parasagittal Skull
Fractures-A Feature of Archaic Australian Aboriginal Remains. J. Forensic Sci., 61(6), 1549—
1552, https://doi.org/10.1111/1556-4029.13226

White, T.O., Bugler, K.E., 2015. Ankle fractures, in: Court-Brown, C.M., Heckman, J.D.,
McQueen, M.M., Ricci, W.M., Tornetta Ill, P., McKee, M.D. (Eds.), Rockwood and Green’s
Fractures in Adults. Eighth ed. Wolters Kluwer, Philadelphia, pp. 2541-2592.

Wrangham, R.W., 1999. Evolution of coalitionary killing. Am. J. Phys. Anthropol., 110, 1-30.
https://doi.org/10.1002/(SICI1)1096-8644(1999)110:29+<1::AID-AJPA2>3.0.CO;2-E

Zvelebil, M., Rowley-Conwy, P., 1984. Transition to farming in Northern Europe: a hunter-
gatherer perspective. Nor. Archaeol. Rev. 17, 104-128.
https://doi.org/10.1080/00293652.1984.9965402

42


http://dx.doi.org/10.1146/annurev.anthro.30.1.573
https://doi.org/10.1111/1556-4029.13226
https://doi.org/10.1002/(SICI)1096-8644(1999)110:29+%3c1::AID-AJPA2%3e3.0.CO;2-E
https://doi.org/10.1080/00293652.1984.9965402

Tables

Table 1
Sample 1D Lab. N° Analyzed Material SU | Uncal. BP dtC Cal. BC
95.4%
MBN-208 | ETH-15980 | MEN-1humanbone(right | ) 0| gone 76 | 210812 | 5206-4713
rib fragment)
MBN-209 | ETH-15981 MBN-1 human bone 145 | 6170470 | -22.0+1.2 | 5306-4938
(left hand phalanx)
MBN-1 human bone
MBN-254 UtC-7202 (diaphyseal fragments, 145 6210160 -23.3 5307-5008
femur, indet.)
MBN-1 human bone
MBN-255 uUtC-7201 (diaphyseal fragments, 145 6380+50 -23.8 5474-5222
humerus, femur)
Animal bone (Cervus
MBN-186 ETH-15984 ] 151 6410175 -24.1+1.2 5515-5216
elaphus mandible)
MBN-US 148 | KIA 12446 Animal bone 148 | 7797+43 | -21.1%0.15 | 6742-6481
(Cervus elaphus mandible)

Table 1 — Previous radiocarbon dates obtained on human remains from the burial of Mezzocorona-Borgonuovo and
from the fauna found in layers (SU: stratigraphic unit) cut by the burial pit (SU 148) or that could be associated to

the funerary behavior (SU 151). Calibrated using OxCal v 4.4 (Bronk Ramsey, 2021, atmospheric data from Reimer
et al., 2020). Reported calibrated age ranges correspond to 95.4% probability.

Table 2

Skull osteological
composition

Frontal (d); parietal
(d/d); occipital (d);
temporal (d/i); zygomatic

(d/i); sphenoid (ff);
fragments (>20);
mandible (i).

LLC, LLI2, LLI1,
LRI1, LRIZ, LRC

Dental catalogue

ULM3, ULM2,
ULM1, ULP2,
URP2, URM1,
URM2, URMS,

(cast), LRP1.

Infracranial osteological composition

Clavicle (d/d); scapula (d/d); sternum (f); humerus (d/d); radius (d/d); ulna
(d/f); carpals (5i/6i); metacarpals (5f/5f); hand phalanges (13i,d,f/13i,d);
cervical vert. (2i, 3f, 2ff); thoracic vert. (4d, 6f; >10ff); lumbar vert. (3f,

2ff); os coxae (d/d); sacrum (d); coccyx (f); ribs (24 f, ff); femur (d/i); tibia

(d/d); fibula (d/d); patella (i/i); tarsals (7d/7d); metatarsals (5d/3i, 1d, 1f);

foot phalanges (5i, 8d, 1f); foot sesamoids (3i).

Table 2 — Osteological composition and preservation of MBN-1. Skeletal composition is indicated in parentheses
(left/right element, and number of elements as appropriate): i: intact or minimally damaged; d: damaged,; f:
fragmentary; ff: small fragments. Teeth legend: I: incisor; P: premolar; M: molar; R: right; L: left; d: deciduous; U
and L: indicate the maxilla (upper) or mandible (lower) tooth (e.g. URI1: upper right first incisor).
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Figure Legends

Figure 1 — A) The geographic location of the Trentino-Alto Adige region in Italy (image modified
from https://d-maps.com/carte.php?num_car=4830&lang=en © 2007-2023 https://d-maps.com); B)
The geographic location of the town of Mezzocorona in the Trentino-Alto Adige region (image
modified from https://d-maps.com/carte.php?num_car=8324&Ilang=en © 2007-2023 https://d-
maps.com); C) Aerial view of the location of the rock shelter where MBN-1 was found in the
locality Borgonuovo (Archives of the Office for Archaeological Heritage of the Autonomous
Province of Trento).

Figure 2 —A) Zenithal picture of the burial of MBN-1 in situ before removal (Archives of the Office
for Archaeological Heritage of the Autonomous Province of Trento, photo taken by Alberto
Bernardi); B) Drawing of the burial of the MBN-1 in situ before removal (Archives of the Office for
Archaeological Heritage of the Autonomous Province of Trento, drawing by Alberto Bernardi).

Figure 3 — Different views of the perimortem injury in the frontal bone of MBN-1. A) Picture of the
full cranium (scale in centimeters); B) the same view as A of the 3D surface model of the cranium
(scale in centimeters); C) Close-up of the ectocranial view of the D-shaped lesion. The scalloping is
visible in the lowermost portion of the lesion (scale in centimeters and millimeters); D) The
endocranial view of the D-shaped lesion, showing beveling of the inner cranial table.

Figure 4 — Views of the healed cranial fractures in the parietal bones of MBN-1. A) Superior view
of the right parietal showing the oblong-shaped healed depressed fracture (circled); B) Superior
view of the 3D surface model of the cranium, showing the circular healed depressed fracture in the
left parietal (arrow).

Figure 5 — Anterior (A) and posterior (B) views of the left radius and ulna, showing in both bones
the abnormal medially-oriented curvature with onset around the midshaft. Scale in centimeters.

Figure 6 — Inverted greyscale X-rays of the left radius and ulna (A: lateral; B: anterior views). The
arrow indicates the level at which cortical discontinuity can be appreciated in the ulna, suggesting a
healing fracture rather than a plastic bowing deformity. Scale in centimeters.

Figure 7 — Views of the distal third of the left fibula (A: anterior; B: lateral; C: posterior; D:
medial), showing entheseal ossification (white arrow) and the healing callus (red arrow). Scale in
centimeters.

Figure 8 — Inverted greyscale X-rays of the distal third of the left fibula (A: anterior; B: lateral
views). The arrow indicates the level of the healing callus. Scale in centimeters.
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