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Abstract
The socio-cultural and economic developments that took place from the Neolithic to the Bronze Age are poorly understood,
despite the fact that they were essential for the establishment of fully agro-pastoral economies in Europe. In this study, we aim to
assess dietary changes in communities living in southern Italy during this period by examining stable carbon and nitrogen isotope
ratios on human bone collagen. In particular, we investigated skeletal remains from seven sites in the southern Italian regions of
Calabria (Grotta della Monaca, Grotta di DonnaMarsilia and Grotta dell’Antenato), Basilicata (Murgia Timone, Grotta Funeraria
and Toppo d’Aguzzo) and Apulia (Ipogeo dei Bronzi) to explore possible variations in diet between different geographic areas
and periods. The results of the analysis on bone collagen extracts from 33 human and 12 faunal (sheep, dog, cattle and pigs)
specimens attest that the diets of prehistoric southern Italians were mixed and based on the consumption of terrestrial resources,
including generally moderate proportions of animal protein (e.g. meat and dairy products) and of C3 plants (e.g. cereals and
legumes). Minor differences in the proportion of consumed meat are mostly dependent on the nature of regional environments,
with individuals fromBasilicata relying more on animal protein than those fromCalabria and Apulia. Our study provides insights
into the dietary habits of southern Italian populations during the prehistoric period that witnessed an increase both in agriculture
and in pastoralism.
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Introduction

In the Adriatic regions, farming spread from the Dalmatian
coasts across to Italy mainly during the 6th millennium
BCE, as demonstrated by the occurrence of domesticated
wheat and barley, with the simultaneous appearance of pottery
and the use of obsidian and ground stone (Skeates 2000;
Zilhão 2001; Starnini 2002; Guilaine 2003). According to a
recent meta-analysis of data from another part of the

Mediterranean (Cubas et al. 2019), the definitive break with
previous foraging subsistence strategies occurred during the
late Neolithic period. More generally, there was an intensifi-
cation of agricultural practices in the Mediterranean region
during this period with a full integration of production cycles
in an increasingly anthropized landscape. The shift from for-
aging to farming, from gathering to food production and from
wild to domestic resource consumption clearly occurred at this
time in southern Italy, as is demonstrated in the farming set-
tlements of the Murge and Tavoliere (Pessina and Tiné 2008;
Lelli et al. 2012). As reported by Lelli et al. (2012) for early
Neolithic individuals from coastal and inland sites of Marche,
Apulia and Basilicata, dietary differences were present region-
ally in relation to the consumption of marine and terrestrial
animal and plant resources. The estimated fraction of marine
fish in the total diet by dry weight was 6 to 30% for coastal
sites ofMarche and Apulia and 0 to 15% for inland sites of the
Tavoliere in Apulia and Murge in Basilicata; both at coastal
and at inland sites, however, most of the diet was centred on
terrestrial resources (Lelli et al. 2012), although the first
farmers of Italy adapted their diet to exploit different
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environments and landscapes (coastal plains, valley, high pla-
teaus and mountains). The fact that the Neolithic (6th–4th
millennium BC) in south-eastern Italy was not characterized
by a marked shift to a homogeneous terrestrial diet, as sug-
gested for northern and western Europe (Lubell et al. 1994;
Richards et al. 2003), may be a difference that is worth ex-
ploring further. It should be noted, however, that another dif-
ference with the Atlantic is that the Mesolithic-Neolithic tran-
sition in the Mediterranean was not characterized by a sharp
shift from intensive marine resource exploitation to fully ter-
restrial adaptations (Lightfoot et al. 2011; Mannino et al.
2015). Compared with other periods of European prehistory,
the Bronze Age is regarded as a muchmore dynamic period at
least in northern Italian regions (Cavazzuti et al. 2019). The
first stable isotopes analyses on Bronze Age Italy were carried
out by Tafuri et al. (2009) on materials from the north and
south of the peninsula and by Lai et al. (2013) on specimens
from Sardinia. Further isotopic analyses have been undertaken
more recently on Early-Middle Bronze Age communities
from sites across Italy (Varalli et al. 2016a, 2016b; Masotti
et al. 2017; De Angelis et al. 2019; Rumolo et al. 2020). These
studies have demonstrated that the transition from the Early
Bronze Age (2300–1700 BC) to the Middle Bronze Age
(1700–1350 BC) represented a moment of change, involving
isotopically traceable changes in diet. In particular, theMiddle
Bronze Age settlements of central-northern Italy seem to have
witnessed the introduction of new crops (such as millet). In
contrast, the southern Italian communities were characterized
by a diet inherited from the Neolithic based on C3 plant con-
sumption (i.e. wheat and barley) (Tafuri et al. 2009).
However, research examining diet in southern Italy during
the Bronze Age is scarce since only a handful of sites have
been investigated by means of isotope analysis (Tafuri et al.
2009; Rumolo 2020).

This study aims to provide a more comprehensive under-
standing of the diet for the communities living in prehistoric
southern Italy, to clarify findings that emerged in previous
research and to add new isotopic data to the literature. In
particular, we aim to extend the area of investigation, involv-
ing seven sites belonging to different spatio-temporal contexts
of southern Italy. Furthermore, we explain possible dietary
changes in relation to subsistence strategies increasingly spe-
cialized on agriculture and pastoralism, which became the
main source of livelihood during the Mediterranean Bronze
Age (Salvadei and Santandrea 2003; Peroni 2004; Bietti
Sestieri 2011).

Palaeodietary indicators

The analysis of stable isotope ratios from tissues such as bone
or teeth is a direct and widely used technique for palaeodietary
reconstruction because it reflects a mixture of isotopic signa-
tures from the foods consumed during the last years of an

individual’s lifetime (Lee-Thorp 2008; Schoeninger 2011;
Reitsema 2013). In particular, stable isotope analysis on bone
collagen reflects mainly the protein fraction of the diet.
Carbon stable isotopes (δ13C) provide information on the pho-
tosynthetic pathway (i.e. C3, C4 or CAM plants) and ecosys-
tem of provenance of the proteins consumed (i.e. terrestrial,
freshwater or marine). In environmental settings with limited
presence of C4 plants, such as those of prehistoric Europe,
enriched δ13C values in human bone collagen have been
deemed to provide ‘a direct indication of the amount of marine
foods consumed’ (Lelli et al. 2012 citing Richards and Hedges
1999). Carbon and, especially, nitrogen isotope values (δ15N)
reflect the trophic level of the dietary protein consumed, in-
creasing by 0–1‰ for δ13C and 3–5‰ for δ15N at each step up
the food chain (Schoeninger et al. 1983; Bocherens and
Drucker 2003; Herrscher 2003; Mannino 2009; Mannino
et al. 2015). In order to interpret the isotopic compositions
of humans and to differentiate between terrestrial and fresh-
water food sources, carbon and nitrogen isotope ratios of fau-
nal samples are necessary to understand whether the proteins
consumed by humans were derived from the consumption of
carnivores or herbivores (meat, milk and dairy products)
(Hedges and Reynard 2007; Lee-Thorp 2008). In practice,
stable isotope ratios are informative on the type of diet,
allowing us to distinguish broadly the different food items that
were regularly consumed by an individual (e.g. meat versus
plants, terrestrial versus aquatic foods, C4 plants versus C3

plants) (DeNiro and Epstein 1978, 1981; DeNiro 1987; Lee-
Thorp 2008).

The dietary patterns in European prehistoric human popu-
lations have been studied for several geographical areas
(e.g.Triantaphyllou et al. 2008; Lopez-Costas et al. 2015;
Goude et al. 2011; McClure et al. 2011; Fontanals-Coll et al.
2015; Alt et al. 2016; Waterman et al. 2016; Goude and
Fontugne 2016; Salazar-García et al. 2013; Herrscher et al.
2013; Fernandez-Crespo and Schulting 2017; Dunne et al.
2019), but, as far as Italy is concerned and by means of isoto-
pic analyses, only a few studies have addressed this topic on a
limited number of prehistoric sites and periods. Some research
has, for instance, been carried out on hunter-gatherers from the
Palaeolithic and Mesolithic in western Sicily demonstrating
that forager diets in the central Mediterranean were character-
ized by substantial consumption of animal protein, of which
little generally came from marine resources (e.g. Mannino
et al. 2012, 2015). The transition to farming at the beginning
of the Neolithic was marked by a decline in wild resource
exploitation in the Mediterranean, as elsewhere in Europe,
with little or no reliance on seafood (e.g. Tauber 1981;
Schulting 1998; Richards et al. 2003; Lelli et al. 2012). At
the same time, the homogeneous ratios of carbon and nitrogen
after the introduction of domesticated animals and plants are
indicative of more terrestrial diets (Richards et al. 2003;
Hedges and Reynard 2007), which in some cases became
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more variable at the transition from the Early to the Middle
Bronze Age, when different dietary patterns were highlighted
for instance in central Italy (Varalli et al. 2016 a).

Archaeological background

In this section, we briefly describe the archaeological sites
from which the skeletal materials investigated in this study
were recovered. The geographical locations of the sites are
shown in Fig. 1.

Calabria

Grotta della Monaca (GdM) Grotta della Monaca is a karstic
cave located near Sant’Agata di Esaro (Cosenza) in north-
western Calabria. During the Bronze Age, the deepest recesses
of this cave site were used as a burial ground, which included
five burials within niches and fractures in the rock walls. The
skeletal remains were commingled and were not found in
anatomical connection. The grave goods consisted of few el-
ements in poor state of preservation and not clearly associated
with the inhumated individuals (Arena et al. 2014; Arena and
Gualdi-Russo 2014). Radiocarbon dating previously per-
formed on the human skeletal remains has dated the burials
to the Middle Bronze Age and specifically to the second half
of the 2nd millennium BCE (GRN28721: 1770–1520 cal.
BCE (95.4%); LTL5087A: 1560–1389 cal. BCE (95.4%))
(Larocca 2005; Arena et al. 2014).

Grotta dell’Antenato (GdA) Grotta dell’Antenato is a cave lo-
cated in north-eastern Calabria, near Cassano allo Ionio
(Cosenza), and it was used as a burial ground for a long time

during prehistory, spanning from the Neolithic to the Copper
and Bronze Ages (as shown by our radiocarbon dating and by
relative dating based on ceramic fragments studied by Ippolito
(2015–16)). Ritual votive offerings were dedicated to the
inhumated individuals, as suggested by the animal remains
and vessels found at Grotta dell’Antenato (Ippolito 2015–16).

Grotta di Donna Marsilia (GdMR) This cave is located near
Morano Calabro (Cosenza), in a hilly area called ‘contrada
Sassone’. The human skeletal remains recovered at the site
belong to a single individual. Unpublished archaeological data
indicate that they were associated with pottery of Eneolithic
age (according to reports by archaeologists at the Museo
Archeologico Nazionale della Sibaritide, Cosenza).

Basilicata

Murgia Timone (MT) and Grotta Funeraria (GF) These two
sites are located in the hilly area of Murgia (Matera), along
the edges of the ravine of the Bradano river, where several
burials were discovered. Information on the archaeological
data and the results of our radiocarbon dating indicate a long
frequentation of this area for funerary purposes. The published
AMS radiocarbon date on a human skeleton from Grotta
Funeraria indicates that the earliest burials probably date to
the late Neolithic (GF01a: 5064–4894 cal. BCE (90.1%)). The
little published information for these two sites mainly relates
to Murgia Timone, where archaeological excavations carried
out between 1800 and 1900 discovered three graves
(Quagliati 1896; Patroni 1897; Ridola 1901, 1912; Grifoni
Cremonesi 1976; Lo Porto 1988; Tunzi Sisto 1999;
Matarese 2014). For the purpose of our study, we have only

Fig. 1 The sites investigated
according to the archaeological
period of the sampled specimens.
Two different specimens were
sampled from Grotta
dell’Antenato: GdA01 dated to
the Late Neolithic (blue) and
GdA02 dated to the Middle
Bronze Age (orange)
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sampled faunal remains from the Middle Bronze Age con-
texts, as they were the only finds with a reliable chronology.

Toppo Daguzzo (TDT) The ancient settlement of Toppo
Daguzzo (Melfi) is located about 50 km from Potenza, in the
fertile farmlands of the Ofanto Valley. Systematic excavations
conducted at the site since 1980 have discovered three burials
along the slopes of the hill. The first grave, consisting of an
underground structure with two compartments and a long ac-
cess corridor, dates back to the sixteenth to fifteenth centuries
BCE. The second burial was a pit grave located close to the
former and dating to the same chronological period. The third
inhumation was discovered in a large underground chamber,
dug into the tufa rock and with a long corridor (dromos),
dating back to the Middle Bronze Age between the fifteenth
and fourteenth centuries BCE. Inside the chamber of the third
burial, the skeletal remains of about ten individuals in poor
state of preservation and without grave goods were found.

A second layer in a better state of preservation was
intercepted about 20 cm in depth, at which two chambers were
unearthed. In the first, there was clear evidence of funerary
rituals (with vessels and burned faunal remains), while in the
second, there were six males with weapons (interpreted as
warriors), four women (most of which with ornaments) and
a child. Different vessels were placed close to the infant inhu-
mation. This second depositional layer has been interpreted as
the burial place of warrior aristocracy (Cipolloni Sampò
1986a, 1986b; Bietti Sestieri 2011).

Apulia

Ipogeo dei Bronzi (IpB) Ipogeo dei Bronzi is located in north-
ern Apulia near Trinitapoli (Foggia), in a flat area of the
Gargano promontory around 90 m above sea level. It was a
hypogeal burial ground and dates back to the Middle Bronze
Age. Archaeological excavations unearthed around 200 indi-
viduals, both males and females from all age groups.
Currently, part of the skeletal remains has been lost, and the
remaining remains are in poor state of preservation (Bietti
Sestieri 2011). The archaeological record for this hypogeum
includes the remains of distinct groups of individuals, presum-
ably belonging to different family units. Themale grave goods
include weapons (e.g. swords and daggers), some knives and
two razors, while the grave goods associated with female in-
dividuals are bronze ornaments, bone objects and polished
stones (such as amber, faïence and glass paste from the
Aegean and the Eastern Mediterranean). It has been hypothe-
sized that the presence of several collective burials mirrored a
family-based social organization. However, the fact that grave
goods are richer in some burials than in others seems to sug-
gest that differences in social status were present between the
inhumated individuals (Tunzi Sisto 1997, 1999; Vanzetti
1999; Mazzei and Tunzi Sisto 2005; Bietti Sestieri 2011).

Materials and methods

Samples

The study material derives from archaeological collections
kept at the local storage facilities of regional archaeological
agencies and museums (as listed in the acknowledgements).
Anthropological analyses of the human specimens sampled
for this study were carried out either directly at these institu-
tions or at the Laboratory of Archaeo-Anthropology and
Forensic Anthropology of the University of Ferrara (Italy).
To date, only some preliminary anthropological studies for
the site of Grotta della Monaca have been published
(Scattarella et al. 2005; Arena et al. 2014).

A total of 39 specimens (29 human and 10 animal bone
specimens) were analysed for stable isotope analyses
(Table 1). Out of these, three human bones (2 from GdA
and 1 from GF) from the sites described above were radiocar-
bon dated (Table 2). The first two individuals (GdA) were at
first ascribed to the Bronze Age, but the necropolis also
showed evidence of activities earlier than this period. AMS
dating confirmed the Middle Bronze Age only for one speci-
men (GdA02: AAR25752), while the other one has been dat-
ed to the late Neolithic (GdA01: AAR25751). A similar late
Neolithic date has been obtained on the specimen analysed
from GF (GF01a: AAR25755).

We sampled specimens for isotopic analyses after estab-
lishing the biological profile of each individual and only took
adults. Moreover, when skeletons were commingled, only
bones used for MNI (Minimum Number of Individuals) cal-
culation were sampled for this study to avoid multiple sampling
of the same individual. When possible, age assessment was done
on the basis of morphology of the auricular surface of the os
coxae (Lovejoy et al. 1985; Meindl and Lovejoy 1985), pubic
symphysis surface changes (Todd 1921), synchondrosis of
ectocranial suture (Meindl and Lovejoy 1985; Buikstra and
Ubelaker 1994) and tooth wear (Brothwell 1981; Lovejoy et al.
1985). Following the criteria by Buikstra and Ubelaker (1994),
we divided the specimens into three age categories: young adults
(20–35 years), middle adults (35–50 years), old adults (50+). Sex
diagnosis was based on skull and pelvismorphology (Acsádi and
Nemeskéri 1970) and osteometric characters of the skull (Giles
and Elliot 1963; Demoulin 1972), mandible (Piquet 1956), scap-
ula (Olivier and Pineau 1958), humerus (Ferembach et al. 1977–
1979, 1980; Dittrick and Suchey 1986; France and Horn 1988),
ulna (France 1998), femur (Iordanidis 1961; Dittrick and Suchey
1986), tibia (Ferembach et al. 1977–1979, 1980) and talus
(Gualdi-Russo 2007).

Given the funerary context, quality of some of the excava-
tions and state of preservation of the archaeological deposits,
only a few faunal remains were available from a handful of the
sites examined. For this reason, we sampled fauna from near-
by coeval sites (MT, GdMR, GdA).
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Analytical methods

The AMS radiocarbon dating and stable isotopes analyses
were conducted at the Aarhus AMS Centre, Department of
Physics and Astronomy of Aarhus University (Denmark).
Collagen was extracted from 0.5 g of cleaned bone fragments

(cortical bones), according to the protocol by Longin (1971)
with modifications by Brown et al. (1988) and Jørkov et al.
(2007). The ultrafiltration protocol, introduced by Brown et al.
(1988), separates highmolecular weight (MW) components of
the gelatinized ‘collagen’ (˃ 30 kD) from low MW fractions
(< 30 kD). The use of ultrafilters improves the quality of

Table 1 Biological parameters (sex and age at death) and stable isotope measurements on human and faunal samples from southern Italy analysed in
this research (F female, M male, ND not determinable, YA young adult, MA middle adult, OA old adult, A generically adult)

Sample code Species Sex Age Period δ13C(‰
VPDB)

δ15N(‰
AIR)

C% N% C:N % collagen yield

GdM02 Human F YA Middle Bronze − 19.6 9.0 45.1 16.3 3.2 7.1

GdM04 Human F YA Middle Bronze − 20.3 7.7 43.7 16.1 3.2 5.4

GdM06 Human ND A Middle Bronze − 19.9 7.0 43.1 15.4 3.3 2.2

GdM09 Human ND A Middle Bronze − 19.7 9.5 45.5 16.3 3.2 7.3

GdM10 Human ND A Middle Bronze − 19.8 8.8 46.9 17.3 3.2 7.2

GdM11 Human ND A Middle Bronze − 19.9 7.4 44.3 16.0 3.2 6.5

GdMR01a Human F A Copper − 19.7 10.1 44.5 16.3 3.2 2.8

GdA01 Human F A Late Neolithic − 19.2 10.8 43.4 15.9 3.2 2.6

GdA02 Human F YA Middle Bronze − 19.8 8.0 45.3 16.1 3.3 4.6

TDT103a Human M MA Middle Bronze − 19.4 10.2 45.0 16.5 3.2 3.0

TDT104a Human F OA Middle Bronze − 20.2 8.4 44.9 16.5 3.2 2.3

TDT105a Human F YA Middle Bronze − 19.7 9.2 44.8 16.3 3.2 3.4

TDT107a Human F MA Middle Bronze − 19.4 9.7 45.6 16.7 3.2 4.4

TDT108a Human M YA Middle Bronze − 20.2 8.8 44.2 15.8 3.3 3.2

TDT109a Human M MA Middle Bronze − 19.4 10.0 47.0 17.3 3.2 3.9

TDT111 Human ND MA Middle Bronze − 18.9 9.1 46.5 16.9 3.2 4.7

GF01a Human M MA Late Neolithic − 19.9 10.2 44.0 16.0 3.2 2.8

GF02a Human M MA Late Neolithic − 19.8 9.5 44.7 16.1 3.2 2.0

GF03 Human M MA Late Neolithic − 19.1 9.6 44.5 16.3 3.2 2.5

GF04 Human M YA Late Neolithic − 19.6 9.8 45.0 16.0 3.3 2.5

GF05C14 Human M YA Late Neolithic − 19.3 9.9 45.9 16.4 3.2 3.8

GF06C14 Human M MA Late Neolithic − 19.4 9.8 45.5 16.5 3.2 4.5

IpB02 Human M A Middle Bronze − 19.0 8.6 44.8 16.6 3.2 3.0

IpB03 Human M A Middle Bronze − 19.8 8.8 44.1 15.7 3.3 3.3

IpB04 Human M A Middle Bronze − 18.9 10.0 43.7 16.2 3.2 2.2

IpB05 Human F A Middle Bronze − 19.5 8.0 43.9 16.0 3.2 3.7

IpB06 Human F A Middle Bronze − 19.6 9.2 42.7 15.7 3.2 0.5

IpB07 Human M A Middle Bronze − 19.5 8.9 42.2 15.4 3.2 3.0

IpB12 Human M A Middle Bronze − 19.2 8.4 43.1 15.7 3.2 2.1

MT01 Sheep ND A Bronze − 20.7 5.6 43.8 15.5 3.3 3.8

MT02 Dog ND A Bronze − 19.1 8.0 44.0 15.9 3.2 2.8

MT03 Cattle ND A Bronze − 19.2 7.3 44.2 15.7 3.3 2.4

MT04 Pig ND A Bronze − 20.4 7.7 44.8 16.2 3.2 3.4

MT05 Cattle ND A Bronze − 19.1 7.4 44.1 15.9 3.2 3.5

GdMR02 Pig ND A Copper − 21.4 4.1 3.2 44.9 3.2 7.3

GdMR03 Pig ND A Copper − 19.7 8.5 3.3 44.5 3.3 2.2

GdMR04 Pig ND A Copper − 20.7 3.0 3.2 44.4 3.2 5.1

GdA04 Pig ND A Neolithic − 21.5 6.9 3.2 45.7 3.2 7.1

GdA05 Pig ND A Neolithic − 20.5 5.3 3.2 44.7 3.2 7.9
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extracted collagen (evaluated by C/N ratios within biogenic
ranges; DeNiro 1985; Higham et al. 2006). Each collagen
extract was then analysed by an elemental analyser (EA)
coupled to a continuous flow isotope ratio mass spectrometer
(EA-IRMS). In total, 62 ‘samples’ were analysed: 39 human
and faunal collagen extracts, 9 duplicates, 4 background bone
extracts (a 40.000 BP old whale bone) and 10 samples of an
in-house gelatine standard (‘GEL-A’). Each standard weighed
0.200–0.300 mg. The background bone was used as a second-
ary control sample. The carbon (δ13C) and nitrogen (δ15N)
isotopes were expressed using the delta (δ) notation, as part
per thousand (‰). The δ13C ratio is reported relative to the V-
PDB marine fossil limestone standard (Vienna Pee Dee
Belemnitella fossil) and the δ15N ratio relative to the atmo-
spheric N2 (AIR) standard. The extracted collagen material
was quality-checked in terms of collagen percentage and
C/N ratios. For the purpose of this study, extracts were con-
sidered well-preserved when they had yields of ˃ 1%, C% ≥
30% and N% ≥ 11% (wt%), as proposed by van Klinken
(1999), and C/N molar ratios between 2.9 and 3.6, as origi-
nally proposed by DeNiro (1985).

For radiocarbon analysis, the collagen was converted to
CO2 by combustion in sealed evacuated quartz tubes with
200 mg CuO. The CO2 was reduced to graphite by the H2

reduction method using an iron catalyst and MgClO4 to re-
move the water (Vogel et al. 1984; Santos et al. 2007). The
samples were 14C dated using the HVE 1MV Tandetron ac-
celerator AMS system at the Aarhus AMS Centre (Olsen et al.
2016). 14C dates are reported as uncalibrated 14C ages BP
normalized to − 25‰ according to international convention
using online 13C/12C ratios (Stuiver and Polach 1977). Dates
in the article have been calibrated with OxCal v.4.3 (Bronk
Ramsey 2009) using the calibration curve IntCal13 (Reimer
et al. 2013) and are reported as calibrated ages BC.

All s ta t is t ical analyses were performed using
STATISTICA for Windows—version 11 (StatSoft Inc.,
Tulsa, OK, USA). Means and standard deviations (SD) were
computed to describe the sample. Due to the low sample size,

non-parametric tests were used to compare means by Mann-
Whitney U test (2 groups) and Kruskal-Wallis test (more than
2 groups).

Multiple regression analysis was used to analyse the asso-
ciation between carbon and nitrogen isotope values, each of
them separately tested as dependent variables, and the biolog-
ical (i.e. the other isotope, sex, age category) and
chronological-environmental characters (period, region), test-
ed as independent variables. Multicollinearity among inde-
pendent variables was examined by the variance inflation fac-
tor (VIF) (VIF values < 10 were considered acceptable). We
performed separate models for each stable isotope.

For all statistical analyses, a significance level of p < 0.05
was used.

Results

Table 1 summarizes the anthropological evaluation carried out
on the human remains and shows the results of carbon (δ13C)
and nitrogen (δ15N) isotope analyses performed on faunal and
human samples with the quality control indicators.

The three human bone specimens from Grotta
dell’Antenato (GdA01, GdA02) and Grotta Funeraria
(GF01a) produced uncalibrated dates of 6072 ± 36 BP, 3202
± 45 BP and 6072 ± 34 BP, respectively. Calibrated dates are
reported in Table 2. All the 39 specimens yielded well-
preserved collagen (collagen yields ˃ 1%) according to the
criteria proposed by van Klinken (1999), except specimen
IpB06 with a low yield of 0.5%, and therefore this sample is
to be considered with caution. Considering all 29 human
specimens examined, the δ13C values are between − 20.3
and − 18.9‰, and δ15N values are between 7.0 and 10.8‰.
The 10 faunal specimens show δ13C values between − 21.5
and − 19.1‰, and δ15N values are between 3.0‰ and 8.5‰.
The distribution of faunal and human stable isotope ratios by
site is shown in Fig. 2.

Table 2 Radiocarbon dating and
calibration performed on human
samples from GdA and GF. The
samples were calibrated with
OxCal 4.1 (Bronk Ramsey 2009),
using the terrestrial calibration
curve IntCal13 (Reimer et al.
2013)

Sample lab
ID

Sample
code

Material Archaeological
period

C14 Age
(BP)

Calibrated age (95.4%
probability)

AAR25751 GdA01 Bone Late Neolithic 6072 ± 36 5199 BC (2.6%) 5178 BC

5067 BC (89.1%) 4879 BC

4871 BC (3.7%) 4848 BC

AAR25752 GdA02 Bone Middle Bronze
Age

3202 ± 45 1611 BC (6.3%) 1572 BC

1566 BC (89.1%) 1400 BC

AAR25755 GF01a Bone Late Neolithic 6072 ± 34 5197 BC (2.0%) 5179 BC

5064 BC (90.1%) 4894 BC

4888 BC (0.2%) 4885 BC

4869 BC (3.1%) 4849 BC
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Isotope analyses on the faunal samples

Only a few faunal samples found in three of the seven archae-
ological sites considered and belonging to different periods
were available for this study. The Neolithic faunal samples
(GdA) resulted in bone collagen δ13C values from − 21.5 to
− 20.5‰ (− 21.0 ± 0.7‰) and δ15N values from 5.3 to 6.9‰
(6.1 ± 1.1‰). The Copper Age faunal samples (GdMR) re-
sulted in bone collagen δ13C values from − 21.4 to − 19.7‰
(− 20.6 ± 0.9‰) and δ15N values from 3.0 to 8.5‰ (5.2 ±
2.9‰). However, it should be noted that the sample
GdMR04 (Sus scrofa) differs from the others in isotopic
values (δ13C = − 20.7‰ and δ15N = 3.0‰), suggesting a diet
characterized by a prevalent intake of vegetal protein (C3

plant–derived). The carbon and nitrogen analyses performed
on the Bronze Age faunal remains from Murgia Timone
(Basilicata) resulted in bone collagen δ13C values from
− 20.7 to − 19.1‰ (− 19.7 ± 0.9‰) and δ15N values from
5.6 to 7.4‰ (6.8 ± 1.0‰) for the herbivores. The omnivores
from this site had a bone collagen δ13C mean value of − 19.8
± 0.9‰ and δ15N mean value of 7.9 ± 0.2‰. The faunal
sample MT01 (Ovis aries) was characterized by higher δ13C
values (− 20.7‰) and a slightly lower δ15N value (5.6‰) than
other herbivores (cattle).

Isotope analyses on the human samples

Mean human isotopic values for different archaeological pe-
riods were estimated (Table 3), and the data from these were
compared to evaluate possible dietary differences. Statistical
testing indicated a significant difference for the δ15N values
(Kruskal-Wallis test: H = 10.218, p = 0.0060), but not for the
δ13C (Kruskal-Wallis test: H = 0.873, p = 0.65). For the

Neolithic faunal specimens, the human δ13C mean value
was 1.5‰ higher than the omnivore mean value (− 21.0 ±
0.7‰) and the human δ15N value 3.8‰ higher than that of
the omnivores (6.1 ± 0.5‰). The Copper Age human speci-
men had a δ13C value 0.9‰ higher than the omnivore mean
value (− 20.6 ± 0.9‰) and δ15N value 4.9‰ higher than the
δ15N mean value for the omnivores (5.2 ± 2.9‰). The Bronze
Age human specimens had a δ13C mean value 0.1‰ higher
than the herbivore mean value (− 19.7 ± 0.9‰), and their δ15N
mean value was 2.0‰ higher than that of the herbivores (6.8
± 1.0‰). In addition, the human δ13C mean value was by
0.2‰ higher than the omnivore mean value (− 19.8 ± 0.9‰)
and the human δ15N value 0.9‰ higher than the mean value
for the omnivores (7.9 ± 0.2‰). Applying the trophic level
isotope enrichments of δ15N = 3–5‰, δ13C = 0–1‰
(Bocherens and Drucker 2003), the comparison between ani-
mal and human mean values suggests that Neolithic and
Copper Age humans were one trophic level higher than the
omnivores, which is compatible with a regular consumption
of animal meat and/or of their secondary products. However,
the Bronze Age stable isotope values seem to suggest lower
animal protein intake. Two reference animal bone samples of
deer (Cervus elaphus) and sheep/goat (Ovis vel Capra), re-
covered from the Middle Bronze Age site of Madonna di
Loreto (Foggia, Apulia) (Tafuri et al. 2009), have a δ13C value
of − 20.4‰ and a δ15N value of 7.2‰ for C. elaphus and a
δ13C value of − 20.4‰ and a δ15N value of 7.1‰ for Ovis/
Capra. The Bronze Age human values obtained in this study
are higher than these faunal values by only 0.4‰ in δ13C,
while the δ15N mean value is higher than Ovis/Capra only
by 1.7‰ and than Cervus elaphus only by 1.6‰, which is
considerably less than a trophic level increase. Table 4 shows
these and other isotopic values of faunal samples from the

Fig. 2 Scatterplot of δ13C and
δ15N values of human and faunal
samples from the southern Italian
sites investigated. Humans have
been sampled from southern
Italian sites dated to Neolithic
(GdA, GF), Copper (GdMR) and
Bronze (IdB, TDT, MT, GF,
GdA, GdM) Ages. Animals are
from Neolithic (GdA), Copper
(GdMR) and Bronze (MT) Ages
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Neolithic to the Bronze Age for the southern continental Italy
according to literature.

Stable isotopic patterns in prehistoric southern Italian
communities

We checked whether there was variability in food consump-
tion based on the sex and age of all analysed individuals. The
δ13C and δ15N means are similar between sexes with slightly
less δ15N variation among males (δ13C: − 19.7 ± 0.3‰ in fe-
males, − 19.5 ± 0.4‰ in males; δ15N: 9.0 ± 1.0‰ in females,
9.5 ± 0.6‰ in males), suggesting a similar diet for both sexes.

No statistical difference was found between the group of
young adults (YA) and the other adults (middle adults, old
adults, generic adults) (δ13C: − 19.8 ± 0.4‰ in YA, − 19.5 ±
0.4‰ in others; δ15N: 8.9 ± 0.8‰ in YA, 9.2 ± 1.0‰ in
others), suggesting the consumption of similar foods between
different age classes.

Statistical testing for sex (δ13C: − 19.8 ± 0.3‰ in females,
− 19.4 ± 0.4‰ in males; δ15N: 8.7 ± 0.7‰ in females, 9.2 ±
0.7‰ in males) and age (δ13C: − 19.9 ± 0.3‰ in YA, − 19.5 ±
0.4‰ in others; δ15N: 8.5 ± 0.7‰ in YA, 8.9 ± 0.9‰ in

others) in the Bronze Age group has also failed to detect any
statistically significant differences.

Although there was no archaeological information on spe-
cific grave goods related to the sampled skeletons, there was
evidence of their presence in the examined sites (Larocca
2005; Cipolloni Sampò 1986a, 1986b; Bietti Sestieri 2011).
In particular, grave goods at Toppo Daguzzo and Ipogeo dei
Bronzi testified the presence of weapons in male burials
(Cipolloni Sampò 1986a; Borgognini Tarli 1992; Tunzi
Sisto 1999, 2005). In addition, there was a preferential differ-
entiation among burials of males, females and sub-adults
(which could correspond to roles or ranks of individuals) at
Ipogeo dei Bronzi (Vanzetti 1999). A reasonable hypothesis
may be that dietary practices followed the social complexity,
with certain foods (i.e. meat) reserved for particular social
groups (Schoeninger 1979). However, our stable isotope com-
parisons did not show any evidence of ‘status’ differences
neither for sex nor for age. Although our results were obtained
on a small group of samples, we can assume that cultural
differences did not extend to the diet or at least, if any dietary
differences existed, these were not isotopically measurable.
Occasional consumption of ‘prestige’ foods would not be
reflected in the long-term dietary stable isotope record.

Table 4 Stable isotopes mean values of domestic fauna from this study and literature for the southern area of continental Italy (No number of
individuals considered)

Period Site (region) Categories* No δ13C (‰) SD δ15N (‰) SD References

Neolithic Ripatetta (Apulia) Herbivores 2 − 20.5 ± 0.4 7.3 ± 1.1 Lelli et al. (2012)

Omnivores-pig 1 − 20.8 – 8.0 –

Grotta Mura (Apulia) Herbivores-goat 8 − 20.3 ± 0.8 5.7 ± 1.2 Lelli et al. (2012)

Omnivores-dog 1 − 19.9 – 7.8 –

Palata (Apulia) Herbivores 3 − 19.7 ± 1.0 7.1 ± 0.8 Lelli et al. (2012)

Balsignano (Apulia) Herbivores-sheep 1 − 20.0 – 6.2 – Lelli et al. (2012)

Grotta Antenato (Calabria) Omnivores- pig 2 − 21.0 ± 0.7 6.1 ± 1.1 This study

Copper Grotta Donna Marsilia (Calabria) Omnivores- pig 3 − 20.6 ± 0.9 5.2 ± 2.9 This study

Bronze Grotta Misa (Latium) Herbivores 3 − 20.7 ± 1.2 5.4 ± 1.0 Varalli et al. (2016a)

Madonna Loreto (Apulia) Herbivores-goat 1 − 20.4 – 7.1 – Tafuri et al. (2009)

Murgia Timone (Basilicata) Herbivores 3 − 19.7 ± 0.9 6.8 ± 1.0 This study

Omnivores 2 − 19.8 ± 0.9 7.9 ± 0.2

*If the category included only one species, the species has been specified

Table 3 Summary results of
human samples used in this study
from the Neolithic to the Bronze
Age

Periods δ13C‰ δ15N‰

N x SD Min Max N x SD Min Max

Neolithic 7 − 19.5 0.3 − 19.9 − 19.1 7 9.9 0.5 9.5 10.8

Copper Age 1 − 19.7 – – – 1 10.1 – – –

Bronze Age 21 − 19.6 0.4 − 20.3 − 18.9 21 8.8 0.9 7.0 10.2
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We estimated the mean values of δ13C and δ15N according
to the three geographical areas (regions) to which the
sites belong. Differences between regions (Calabria—δ13C:
− 19.8 ± 0.3‰, δ15N: 8.7 ± 1.3‰; Basilicata—δ13C: − 19.6
± 0.4‰, δ15N: 9.6 ± 0.5‰; Apulia—δ13C: − 19.4 ± 0.3‰,
δ15N: 8.8 ± 0.6‰) resulted fairly close to significance for
δ13C (H = 5.264 p = 0.071) and for δ15N (H = 5.419 p =
0.067).

As part of our data analysis, we also checked whether the
stable isotopes ratio could be explained on the basis of the
biological characteristics of the examined individuals and of
their living environment by applying multiple regression anal-
yses (Tables 5 and 6). In these analyses, a model was tested for
each of the two stable isotopes considered, thus assessing the
influence of the other isotope, sex, age-at-death, archaeologi-
cal period and living environment of the individual. The final
model developed for δ15N explained 50% of the variance in

the prehistoric individuals examined (Table 5). The final mod-
el for δ13C explained approximately one third of the variance
in the same individuals (Table 6). Multicollinearity did not
occur between independent variables (as indicated by the
VIF values). In both models, considering individual variables,
the other isotope and the living environment (region) were
found to be significant determinants. In particular, δ13C values
and living in Basilicata proved to be positive and significant
explanatory variables of nitrogen isotopic values (Table 5);
δ15N (positive association) and living in Basilicata (negative
association) proved to be significant explanatory variables of
carbon isotopes (Table 6).

Discussion

The analysis of chemical markers of food habits, carbon
(δ13C) and nitrogen (δ15N) isotopes, was performed on faunal
and human collagen extracts from seven southern Italian pre-
historic sites. The general pattern observed in the examined
territory indicates a mixed diet based on the consumption of
terrestrial resources and mostly characterized by a vegetal
protein intake (C3 plant–related) with a moderate intake of
animal protein for all the periods examined.

Following the univariate analysis, we applied multiple re-
gression analyses to identify biological and environmental
explanatory variables for the stable isotope values and obtain-
ed statistically significant models for both δ15N and δ13C.
Two main independent variables account for the increase of
a stable isotope in the model—a dietary biomarker (the other
stable isotope) and the environmental context (represented by
the Italian regions). The territory of Basilicata, located be-
tween Campania and Apulia, and where three of the seven
investigated sites are located (two of them having provided
human specimens), significantly influenced both the increase
of δ15N and the decrease of δ13C. It is likely that the physical
characteristics of this region between Campania and Apulia
influenced the diet of its inhabitants, particularly with the con-
sumption of wild terrestrial fauna. The territory of Basilicata is
intersected by numerous watercourses and includes large
fluvio-lacustrine basins, but is overall more mountainous
(92% of the territory is mountainous or hilly) than other south-
ern regions and likely a territory where hunting could have
been conducted more easily given its more isolated and less
anthropized character.

Environmental comparisons

Coastal vs non-coastal sites

Both Neolithic sites examined in this study (GdA and GF) are
located in inland hilly environments and have yielded similar

Table 5 Predictors of δ15N values in prehistoric individuals from
southern Italy

Variables β t p VIF

δ13C 0.47 2.57 0.02 1.33

Sex (reference: males) − 0.08 − 0.41 0.69 1.67

Age (reference: middle/old adults) − 0.24 − 1.25 0.23 1.60

Period (reference: Bronze Age) 0.23 1.18 0.26 1.58

Region (reference: Apulia) 2.27

Calabria 0.14 0.53 0.60

Basilicata 0.43 2.00 0.05

R2 0.64

Adjusted R2 0.50

p 0.006

Significant p-values are reported in italics

Table 6 Predictors of δ13C values in prehistoric individuals from
southern Italy

Variables β t p VIF

δ15N 0.63 2.57 0.02 1.83

Sex (reference: males) − 0.08 − 0.36 0.73 1.77

Age (reference: middle/old adults) − 0.03 − 0.15 0.88 1.74

Period (reference: Bronze Age) 0.03 0.14 0.89 1.85

Region (reference: Apulia) 2.37

Calabria − 0.10 − 0.32 0.75

Basilicata − 0.52 − 2.08 0.05

R2 0.51

Adjusted R2 0.33

p 0.046

Significant p-values are reported in italics
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isotopic values, indicating a homogeneous diet. Similarly,
there were no significant differences in δ13C and δ15N values
between these individuals of the late Neolithic and those of the
early Neolithic from inland sites of southern Italy (Ripatetta in
the Apulian Tavoliere; Balsignano, Masseria Maselli and
Palata in Apulian Murge) (Lelli et al. 2012). Instead, the com-
parison with early Neolithic individuals from coastal sites of
Apulia (Torre Castelluccia, Samari and Grotta delle Mura)
(Lelli et al. 2012) shows a significant difference only for car-
bon (p = 0.0180 for δ13C; p = 0.4062 for δ15N), which was
higher at coastal sites (mean values: − 18.87 ± 0.59‰; n =
7). In the absence of C4 plants (e.g. at southern Italian sites
during the Neolithic), higher δ13C values on human collagen
provides us with an indication of a utilization of marine food
resources at the coastal sites (Richards and Hedges 1999). In
this case, higher marine consumption by coastal farmers may
be the most parsimonious interpretation, although the carbon
and nitrogen isotope values only indicate a moderate con-
sumption of fish (Lelli et al. 2012). Nevertheless, a certain
degree of dietary variability during the Neolithic can be traced
in relation to the living environment: early southern coastal
farmers from Torre Castelluccia, Samari and Grotta delle
Mura in Apulia consumed higher amounts of fish than the
coeval individuals from Fosso Fontanaccia in Marche (p =
0.0082 for δ13C; p = 0.0080 for δ15N) (Lelli et al. 2012). As
several studies of Mediterranean Neolithic sites have demon-
strated, the exploitation of wild foods (e.g. fish) was not a
homogeneous phenomenon (Papathanasiou 2003; Le Bras-
Goude et al. 2006; Lelli et al. 2012).

The comparison of our Bronze Age human samples from
the southern Italian sites located closer to the coast (distance
< 20 km from the coastline: GdM, IpB) with those from inland
sites (distance > 20 km from the coastline: GdA and TDT)
attests no significant difference between groups (δ13C:
− 19.6 ± 0.4‰ in coastal group, − 19.6 ± 0.4‰ in the inland
group; δ15N: 8.7 ± 0.9‰ in the coastal group, 9.2 ± 0.8‰ in
inland group) (p > 0.05), indicating a homogeneous terrestrial
diet for southern Italian Bronze Age communities and essen-
tially a lack of marine/freshwater food exploitation. A lack of
consumption of aquatic resources in Mediterranean coastal
sites was also found in several previous studies, indicating that
aquatic foods were only a minor component within a predom-
inantly terrestrial diet during the Bronze Age (e.g. Craig et al.
2006; Lai et al. 2013). Exceptions to this trend may be repre-
sented by the site of Grotta dello Scoglietto in central Italy
(Varalli et al. 2016a) and Punta di Zambrone in Calabria
(Rumolo et al. 2020). The latter study has, in our opinion,
not fully justified a good collagen quality of the included
samples and has not demonstrated that its results may not
indicate marine resource consumption by the analysed
humans (favouring the interpretation that C4 plants were con-
sumed at the site). Comparing faunal and human isotope
values suggests a relatively limited consumption of animal

protein, which is in line with interpretations from previous
studies (e.g. Tafuri et al. (2009) estimated that C3 plants pro-
vided around 65–70% of total dietary protein for the Toppo
Daguzzo humans). However, this must be considered with
caution as we were not able to study faunal remains of all
species (herbivores and carnivores) or from each considered
site. Nevertheless, the nitrogen isotope values from human
collagen extracts (of around 9‰) seem to indicate a moderate
animal protein intake, also if we cannot exclude the effects of
highly intensive animal manuring (Treasure et al. 2016). The
zooarchaeological record shows that animal-based Bronze
Age subsistence strategies were mainly centred on livestock
raising rather than hunting (De Grossi et al. 2004). In Italy, as
in Mediterranean Europe, the Bronze Age animal economy
was mainly based on the consumption of sheep and goats
for meat and dairy products (Arrighi et al. 2007; De Grossi
2013; Maini and Curci 2013), although evidence for animal
exploitation varies greatly depending on geography, environ-
ment and culture (Riedel 1996; Battisti and Marconi 2004;
Harding and Fokkens 2013). As at northern Italian sites (i.e.
Ledro and Fiavè) (Perini 1987; Bietti Sestieri 2011; De Grossi
2013; Maini and Curci 2013), there was a prevalence of sheep
and goats among the domestic species also in southern Italy,
with an increase in ovicaprid exploitation during the Late
Bronze Age. This has been demonstrated, for instance, by
the archaeological record at Broglio di Trebisacce in
Calabria and Coppa Nevigata in Apulia, where wild species
were completely absent (Bökönyi and Siracusano 1987;
Tagliacozzo 1994; Bietti Sestieri 2011). It is, hence, assumed
that hunting was generally infrequent during the Early and
Middle Bronze Age (Tagliacozzo 1994; De Grossi 2013; De
Grossi et al. 2004).

Southern Italian Bronze Age sites vs central-northern sites

For the Bronze Age, we expected substantial differences of
isotope values between northern and southern sites because, as
is known from the literature, millet was introduced in northern
Italy during this period. Contrary to what has been recently
proposed by Rumolo et al. (2020), it was not regularly con-
sumed in southern Italian communities of the same period
(Tafuri et al. 2009; Varalli et al. 2016a). In northern Italy,
Panicum miliaceum cultivation started during the Early
Bronze Age, as shown by an increase in the cultivation of this
cereal in the Middle/Late Bronze Age at Monte Covolo (Pals
and Vorrips 1979) and at Canár (Castiglioni et al. 1998;
Castelletti et al. 2001) and as attested at Terramara di
Montale by the archaeological record (Mercuri et al. 2006).
During this period, there was strong economic development
that resulted in a significant increase in settlements in central
and northern Italy. The resulting environmental changes, such
as deforestation, led to the aridification of the soils, which
facilitated the introduction of millet (Valsecchi et al. 2006;
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Bietti Sestieri 2011; Cremaschi et al. 2016). Moreover, com-
mercial trade with transalpine Europe may have favoured the
diffusion of this new crop (Varalli et al. 2016b). The
palaeobotanical record indicates that millet was imported from
Western Europe with an increase in cultivation around
1700 BCE (Lake de Bourget, South-East France) (Rösch
1998; Jacob et al. 2008). According to this view, our analysis
of published data (Varalli et al. 2016 b) indicates that the
carbonmean value of the sites located in the Po valley in north
Italy (− 18.91 ± 2.29‰) was significantly higher (U = 979.0;
p = 0.0007) than the one for the southern sites presented here
(− 19.44 ± 0.62‰). This difference can be explained by the
consumption of different vegetal proteins: C4 plant–based
for central-northern Italian sites and C3 plant–based for south-
ern sites. There was no statistical difference between the ni-
trogen values obtained from our southern Italian samples
(8.52 ± 0.73‰) and from their northern counterparts (8.41 ±
0.87‰) (U = 1269.5; p = 0.13).

Palaeobotanical data from coeval southern Italian sites (i.e.
Broglio di Trebisacce in Calabria, Lavello in Basilicata,
Coppa Nevigata, Piazza Palmieri, Scoglio di Apani, Roca
and Scalo di Furno in Apulia) confirm that cultivated crops
were limited to C3-based plants. Among these, archaeological
finds attest the presence of einkorn wheat (Triticum
monococcum) and emmer wheat (Triticum dicoccum), com-
monwheats (Triticum aestivum, T. compactum, T. durum) and
barley (Hordeum vulgare, H. distichum, H. exasticum), as
well as the scarcity of spelt, rye and oats and a small variety
of broad beans (Vicia faba var. minor), lentil (Lens culinaris)
and chickling pea (Lathyrus cicera, L. sativus) (Caldara et al.
1999; Bietti Sestieri 2011; Primavera and Fiorentino 2014).

Comparisons between Italian prehistoric sites by
period

Since our results suggested a change in the nitrogen isotopic
values between Neolithic and Bronze Age samples, statistical
analyses (combining current and previously published studies,
but excluding infants and children) (Lelli et al. 2012 for
Neolithic sites; De Angelis et al. 2019 for Copper Age;
Tafuri et al. 2009, Varalli et al. 2016b and Masotti et al.
2017 for Early-Middle and Late Bronze Age) were performed
to better highlight the changes in human diet that occurred
during Italian prehistory (Fig. 3a, b). Significant differences
were found among samples of different periods for both car-
bon (H = 76.17, p < 0.001) and nitrogen (H = 39.21,
p < 0.001). The human mean δ15N values range from a mini-
mum of 8.21 ± 0.96‰ in the Middle Bronze Age to a maxi-
mum of 10.14 ± 1.93‰ in the early Neolithic Age. According
to paired comparisons between periods, the Middle Bronze
Age sample has lower values of δ15N than the samples of all
other periods. The differences were statistically significant for
all groups with the exception of the Early-Middle Bronze Age

sample. As shown in Fig. 3a, human nitrogen values sug-
gested a higher animal protein intake during the Neolithic,
with a gradual decrease in subsequent periods up to the
Middle Bronze Age. This result may support the hypothesis
that widespread intensive cereal cultivation and consumption

Fig. 3 a, bBox Plot of humanmean values of nitrogen (a) and carbon (b)
from early Neolithic toMiddle-Late Bronze Age in Italy. Human isotopic
values from sample of this research were combined with those from
previous studies (Tafuri et al. 2009; Varalli et al. 2016a, 2016b; Lelli
et al. 2012; Masotti et al. 2017; De Angelis et al. 2019) considering the
following sites from different Italian regions: Early Neolithic sites (n =
19): Fosso Fontanaccia (Marche), Torre Castelluccia (Apulia), Samari
(Apulia), 4 = Grotta delle Mura (Apulia), Ripatetta (n = Apulia),
Balsignano (Apulia), Masseria Maselli (Apulia), Palata (Molise); Late
Neolithic sites (n = 7): Grotta dell’Antenato (Calabria), Grotta Funeraria
(Basilicata); Eneolithic sites (n = 47): Grotta di Donna Marsilia
(Calabria), Podere Cucule (Tuscany), Le Lellere (Tuscany), Buca di
Spaccasasso (Tuscany), Grotta del Fontino (Tuscany), Fontenoce di
Recanati (Marche); Early-middle Bronze Age site (n = 67): Arano di
Cellore (Veneto), Grotta dello Scoglietto (Tuscany), Ballabio
(Lombardy), Sedegliano (Friuli); Middle Bronze Age sites (n = 55):
Grotta della Monaca (Calabria); Ipogeo dei Bronzi (Apulia),Grotta
dell’Antenato (Calabria), Toppo d’Aguzzo (Basilicata), Lavello
(Basilicata), Grotta Misa (Latium), Felcetone (Latium); Middle-Late
Bronze Age site (n = 19): Olmo di Nogara (Veneto). Horizontal lines
within the box represent median values; vertical lines indicate the data
range
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did not occur before the Middle Bronze Age and that cereal
cultivation was more important than pastoralism in
Mediterranean Bronze Age economies (Salvadei and
Santandrea 2003; Tafuri et al. 2009). However, an increase
in nitrogen values was observed for the Middle-Late Bronze
Age sites. The human mean δ13C values vary from a mini-
mum of− 20.09 ± 0.70‰ in the Early-Middle BronzeAge to a
maximum of − 15.23 ± 0.84‰ in the Middle-Late Bronze
Age. Paired difference tests comparing samples of different
periods indicated that the sample from the Middle-Late
Bronze Age was significantly different from all the other sam-
ples. Moreover, the Middle Bronze Age sample differed from
the Early-Middle Bronze Age one and the latter from the
Copper Age sample (Fig. 3b). The samples from the early
Neolithic to the Copper Age had similar mean values of
δ13C, consistent with a diet based on terrestrial C3 resources.
During the Bronze Age, there was an increase in δ13C. The
trend described for Italy is confirmed by other studies carried
out in Europe, in particular in Hungary, where the human
carbon and nitrogen isotopic values show similar variation
from the Neolithic to the Bronze Age (Gamarra et al. 2018).

Conclusions

In conclusion, our isotope record suggests a similar general nu-
tritional behaviour for all analysed environments from the
Neolithic to the Bronze Age in southern Italy: a terrestrial diet
reliant on the consumption of C3 crops (cereals and legumes)
with a moderate animal protein intake. Nevertheless, some re-
gional and temporal variability emerged with reference to the
literature. There was higher variability in the consumption of
animal protein during the Neolithic, probably due to the different
adoption of new subsistence strategies (i.e. agriculture) depend-
ing on the environments. Amarked shift to amore homogeneous
diet in Italian prehistoric communities did not occur before the
Middle Bronze Age, when specialized agriculture became the
main subsistence strategy in Mediterranean communities, inten-
sifying the consumption of cereals. A terrestrial diet based on C3

plants typical of the ‘Neolithic package’ (wheat and barley) was
demonstrated for southern communities, while in central-
northern Italy, new crops were introduced (i.e. millet) during
the Middle Bronze Age. Our data do not show dietary differen-
tiations linked to social status or gender among the prehistoric
farmers of southern Italy. Even though our results have highlight-
ed some interesting dietary trends, new analyses including larger
number of samples could provide a better characterization of the
diets of prehistoric Italian communities and their variability in
time and space.
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