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ABSTRACT

The aims of this study are to investigate the nutritional behavior of the Bronze Age communities
living in Southern Italy, highlighting possible links between dietary intake and environments,
culture heritage and health status of these ancient populations. The Bronze Age dated back to 2300
BC and was conventionally classified in Ancient Bronze Age (2300-1700 BC), Middle Bronze Age
(1700-1350 BC) and Late Bronze Age (1350-950 BC). We have chosen this archaeological period
because of the implications for nutritional behavior due to social changes and innovations in
livelihood strategies. In particular, the specialization of agriculture and livestock reached the
maximum increase during this Age. The investigated sites were selected on the basis of
geographical location in order to point out differences depending on availability of resources and
environment. For this purpose they were grouped as follows: Group 1, inland hilly/mountain sites
of Calabria (Grotta della Monaca, Grotta du’ Scuru, Grotta di Donna Marsilia, Grotta dell’ Antenato,
Grotta di Sant’Angelo); Group 2, inland hilly sites of Basilicata (Toppo d’Aguzzo, Murgia Timone
and Grotta Funeraria); Group 3, inland plan of Apulia (Ipogeo dei Bronzi). The reconstruction of
oral health and dietary patterns of ancient populations was carried out by means of traditional and
innovative anthropological analyses: 1) the stable isotope analysis (8'*C and 8'°N ratios) on bone
collagen extracts; 2) analysis of microscopic patterns (microwear) of tooth surfaces; 3) analysis of
macroscopic patterns diet-related on teeth.

Stable isotopes analysis (carbon and nitrogen) are useful to investigate the feeding habits of
ancient communities, focusing on the protein intake of the diet. In particular, they allowed to define
the ecosystem of origin of consumed foods (marine or terrestrial) and the type of diet (vegetarian or
carnivorous). Furthermore, carbon ratios specify the type of vegetables consumed (Cs plants or Cs4
plants) and nitrogen ratios are appropriate to understand the animal intake (herbivores or
carnivores). The analyses were carried out on 33 human collagen extracts and 12 faunal extracts
using the Mass Spectrometry. Results pointed out a mixed diet, relied on the consumption of
terrestrial resources: C; crops (cereals and legumes) and animal products (meat and dairy
foodstuffs). The agricultural crops looked mostly consumed by individuals, while animal protein
intake was moderate for all the communities examined. A slight difference in animal consumption
was pointed out among the three Groups, showing that the individuals from Basilicata (Group 2)
had a diet richer in animal products than those from Calabria and Apulia (Groups 1 and 3).

The analysis of microwear was undertaken on 24 human teeth, using the Scanning Electron
Microscope (SEM). Two types of patterns were pointed out: scratches and pits. Scratches are
directional and not chaotic striae that originate when abrasive particles of food are dragged between
opposite enamel surfaces of the teeth. Pits are holes or small cavities of the enamel tooth surface
and result from compression of food or contaminant particles with the enamel surface during the
chewing. Our data indicate a higher occurrence of the scratches than pits, showing a diet
characterized by the high intake of fiber foods.

The sample of Grotta della Monaca (Sant’ Agata di Esaro, Cosenza) was then chosen as case-study
in order to reconstruct the diet using three different methods: stable isotope analysis, examination of
microwear and the analysis of macroscopic tooth patterns diet-related. Regarding the last
method the frequency of caries, calculus, wear and chipping were analyzed on human tooth
surfaces. Our results, based on the three methods, pointed out a mixed diet - mainly consisted of
terrestrial resources (vegetables, cereals, legumes and animal products), and characterized by the



high intake of fibers derived from agricultural products. On the contrary, the amount of animal
protein looked limited. No consumption of marine/freshwater resources was attested for Grotta
della Monaca population. In addition to the "direct" patterns of paleo-nutrition, hypoplasia of the
tooth enamel was observed as an indicator of stress diet-related. Our results demonstrated that the
stress episodes occurred during the weaning because of the transition to an adult diet of poor
quality, preferably represented by carbohydrates.

Concluding, this study has contributed to integrate different information by different scientific
approaches to assess the feeding behavior of the Southern Italian populations during the Bronze
Age. Our findings indicated a mixed diet for all the analyzed contexts, based on the higher
consumption of agricultural resources than livestock products. Results pointed out a similar pattern
in the three Groups, with a higher intake of animal protein in communities of Basilicata than in
other contexts. Although some sites are close to the sea or to a river, no evidence of marine or
freshwater consumption was recorded in human diet. This result could depend on cultural
implications that mirrored in the nutritional behavior of Mediterranean and Southern European
Bronze Age communities. Though social differences (gender-related and age-related) occurred in
terms of dietary intake only in individuals from Ipogeo dei Bronzi (Apulia), owing to the samples
size we cannot exclude similar differences also in individuals from other sites, where there is a clear
evidence of these in the archaeological assemblages found in the graves. In perspective, this
research will be continued and deepened by a more extensive sampling in the area, expanding the
sample sizes of single site, the number of sites and environments. Age- and sex-specific differences
in diet and in general oral health could possibly be shown if complete skeletons will be available in
the near future. Other studies on Bronze Age populations are needed to confirm and clarify our
findings and to further contribute to the archaeo-anthropological knowledge of past populations in
Southern Italy.



CHAPTER 1: INTRODUCTION

1.1 Premise and purpose

The reconstruction of oral health and dietary patterns of ancient populations can be carried out by
means of traditional and innovative anthropological analyses. Most previous studies have analyzed
macroscopically the teeth, calculating the prevalence of lesions and other pathologies. Only few
recent studies are based on microscopic features of teeth or on stable isotope of bone collagen in
order to reconstruct dietary behaviors. All these approaches are important and can contribute, in an
integrate manner, to clarify the lifestyle and health in the past, especially in areas such as Southern
Italy during the Bronze Age, that has been almost totally neglected in this regard.

Stable isotope analyses are useful to give information about the proteins consumed during the life.
In particular, carbon and nitrogen stable isotopes have been shown to have a great potential in
paleonutritional studies (De Niro and Epstein, 1980; Shoeninger and De Niro, 1984; De Niro 1978,
1981, 1987, etc.). Carbon is present in the atmosphere as CO> (carbon dioxide), with a constant
ratio 3C:'2C (1:100). During photosynthesis, plants assimilate a quantity slightly greater of '>C than
13C, setting the relationship between the two elements. The plants that fix carbon dioxide in a
molecule composed by three atoms of carbon (said C3 plants) incorporate a percentage of *C higher
than those that fix CO in a molecule composed by four carbon atoms (Cs plants). These differences
in the resulting isotope ratios are useful to distinguish a diet based on vegetables of temperate
environments (Cs3 plants) from one based on vegetables of arid environments (Cs4 plants). In marine
waters, the amount of '*C is higher and plants have a higher isotope ratio than those on dry land,
allowing to discriminate food habits linked to the marine environments. Even nitrogen isotopes are
present in greater proportion in the sea. Thus, the relationship '"N:!*N becomes also important to
establish the environment of the foods consumed: low values indicate a diet based on terrestrial
products, high values indicate a diet based on aquatic nourishment (Price et alii, 1985). In addition
to the distinction marine/terrestrial food, the nitrogen content allows the difference among terrestrial
plants: legumes from "non-legumes". In fact, the first plants fix atmospheric nitrogen through
symbiotic microorganisms, making them richest of '°N, while the “non-legumes” absorb nitrogen
by the ammonium and nitrate ions in the soil (Price ef alii, 1985). Finally, nitrogen stable isotopes
reflect, more clearly than carbon, differences related to trophic level: they increase about 3%o in
each step of the food chain, distinguishing the type of animal food consumed. In particular, nitrogen
allows to understand if the diet depends on carnivores (meat) or on herbivores (meat and dairy
products). For this purpose, human isotope values should be compared to faunal isotope ratio of the
same environment (Vogel and Van der Merwe, 1977; Minawaga Wada, 1984; Schoeninger and De
Niro, 1984).

Microscopic patterns diet-related (dental microwear) are observable on the occlusal surfaces of
human teeth using SEM (Scanning Electron Microscope). The rate of these patterns is useful for
paleonutritional investigations because it depends on the types of food consumed, in particular on
the amount and kind of abrasive particles contained in the food (Molnar, 1972; Bermudez de Castro
et alii, 2003; Kaifu, 2000; Kaifu, Kasai, Townsend and Richards, 2003). Authors distinguish two
types of tracks: pits and scratches. Pits are holes or small cavities of the enamel tooth surface and
the result from compression of food or contaminant particles with the enamel surface during the
chewing (Maas, 1994; Schmidt, 2010). Scratches are directional and not chaotic striae that originate



from abrasive particles of food when they are dragged between opposite enamel surfaces of the
teeth (Ryan, 1979). Pits are believed to be characteristics of an omnivorous diet and scratches of a
mostly vegetarian diet, characterized by the high intake of high-fiber foods (Butler, 1952; Walker et
alii, 1978).

Macroscopic patterns diet-related are observable on human teeth. These dental features are useful
to obtain information about nutritional behavior of past populations (Hillson 1986, 1996, 2001;
Kelley and Larsen, 1991; Buikstra and Ubelaker, 1994). In particular, caries, calculus, wear and
chipping have proven to be useful as diet-related markers. Dental caries of hard tissue indicate a
diet rich in carbohydrates as they are generally the result of sugars fermentation (Hillson, 1986;
Larsen, 1997; Caselitz, 1998; Hillson, 2001). Calculus, a mineralized plaque accumulated on the
tooth surface, relates to the consumption of high-protein foods: these proteins increase the alkalinity
in the mouth and cause the precipitation of minerals in the oral fluids (Sheie et alii, 1989; Hillson,
1996). Dental wear of occlusal enamel is associated with the consumption of hard fibrous foods or
the use of processing techniques that introduce abrasive elements into the food, as powder from
grinding stones (Smith and Knight, 1984; Larsen 1997). Chipping is an irregular crack involving
the enamel or enamel and dentin, and it provides information about both masticatory and non-
masticatory activities (Milner and Larsen, 1991). Regarding diet, these lesions are useful to
recognize the consume of hard food that scrapes the tooth surfaces. In addition to the "direct"
indicators of paleo-nutrition, hypoplasia of the tooth enamel is an "indirect" indicator of diet. In
fact, it is a marker of stress that may depend, among various causes, on the diet (Pindborg, 1970;
Winter and Brook, 1975). This defect is caused by an interruption of amalogenesis process during
the childhood and may be the result of a deficient dietary status that decreases the individual’s
immune defenses up to non-optimal health conditions (Solomons and Keush, 1981; Goodman and
Rose, 1991).

The aims of this study are to 1) investigate the nutritional behavior of the Bronze Age communities
living in Southern Italy; 2) explore possible links between specific dietary patterns and
environments; 3) gain some insight in health status and food habits of these ancient populations
using different approaches (stable isotope analysis - 8'°C and §!°N - on bone collagen extracts;
analysis of microscopic -microwear - and macroscopic patterns diet-related on human teeth).

1.2 The Bronze Age sites investigated

Among the different approaches used to obtain a representation of the ancient nutritional behavior,
stable isotope and dental microscopic analyses were carried out on different Bronze Age
communities of South Italy; while the third approach was applied only on the Bronze Age site of
Grotta della Monaca (Calabria). The Bronze Age dated from 2300 BC to 950 BC and was classified
by archaeologists in three crono-cultural phases: Ancient Bronze Age (2300-1700 BC), Middle
Bronze Age (1700-1350 BC), Late Bronze Age (1350-950 BC). The choice of the period was due to
the interest towards different innovations and social changes characterizing this Age.
Archaeological data indicated that the settlements multiplied during the Bronze Age; some sites
were fortified and others assumed the role of satellite-sites of the largest settlements. The good
graves found in burials (usually ornaments for females and weapons for males) reveled a complex
society characterized by people from different social status (Pearce, 2004; Bietti Sestieri, 2011).
Although introduced by the previous Neolithic culture with new subsistence strategies, agriculture



and livestock reached their maximum increment during the Bronze Age. Some sites of Southern
Italy were mentioned in the literature for their archaeological and historical importance as examples
of the innovations that characterized this period (Broglio di Trebisacce in Calabria, Toppo
d’Aguzzo and Lavello in Basilicata, Coppa Nevigata and Ipogeo dei Bronzi e degli Avori in Apulia)
(Peroni, 2004; Bietti Sestieri, 2011).

In order to obtain information on the impact of these innovations on food habits, the following nine
sites were selected in this study: Grotta della Monaca, Grotta di Sant’ Angelo, Grotta dell’ Antenato,
Grotta di Donna Marsilia, Grotta du’ Scuru in Calabria; Toppo d’Aguzzo, Murgia Timone and
Grotta Funeraria in Basilicata; Ipogeo dei Bronzi in Apulia. Their localization is reported in the map
(Fig. 1). The selection was made in order to represent all Southern regions and the different
environments of this area: inland hilly/mountain sites of Calabria, inland hilly sites of Basilicata,
inland plan of Apulia. The main information about each site are summarized in the descriptions
reported below. It is important to remark that published data are not available for all these sites and
the information was often drawn from unpublished archaeological reports at the Museums or the
regional Superintendency. Human bone samples from Grotta dell’ Antenato, Grotta di Sant’ Angelo,
Grotta Funeraria and Grotta du’ Scuru were prepared for *C dating. In the present study, we will
refer only to the archaeological dating for these sites, as the dating analyses are still ongoing.

Ipogeo dei Bronzi
(Trinitapoli — FG)

Toppo d’Aguzzo ’
(Melfi - PT) Murgia Timone
Grotta Funeraria
(Matera — MT)
o
Grotta di Donna Marsilia
(Morano Calabro — CS) Grotta
dell’ Antenato
Grotta della Monaca @  Grotta
(Sant’Agata di Esaro — CS) Sant’Angelo
(Cassano a].k:' Tonio — CS)

Grotta du’ Scuru
(Amantea — CS)

Fig. 1. The Southern Bronze Age sites investigated.

The inland mountain - hilly sites of Calabria

Regarding the nine sites examined in this study, five of them are located in the Calabria region. The
skeletal remains analyzed were sampled through the collaboration of the Museo Archeologico
Nazionale della Sibaritide and Centro Regionale di Speleologia “Enzo dei Medici”, after obtaining
the permission of Soprintendenza dei Beni Archeologici della Calabria. All skeletal remains
analyzed were found in caves. They were in poor state of preservation and they were not connected
anatomically. Although grave goods have been found in the caves, in most cases they were not
directly related to the examined individuals.



Grotta della Monaca (GdM)

Grotta della Monaca is a karsic cave placed in Sant’Agata di Esaro (Cosenza), in North-Western
Calabria. The cave entrance is located on the top of a very steep rocky peak in the Upper Esaro
River Valley, at 600 m above sea level (Fig. 2 a, b). The cave is about 500 m long and it has been
divided by archaeologists in three mainly sectors: Pregrotta, Sala dei Pipistrelli and Cuniculi
Terminali (Fig. 3) (Larocca 2005, 2011). Archaeological research, started in 2000 and they still
ongoing, dated back the human frequentation of the site from the Upper Palaeolithic to post-
Medieval times. The long relationship between Man and the cave was due to its richness in metallic
minerals, especially iron and copper ones (Larocca and Levato, 2013; Larocca and Breglia, 2014).
During the Bronze Age the mining interest decreased and a burial ground was implanted in the final
deepest sectors of the cave: “Sala dei Pipistrelli” and “Cuniculi terminali”. Here, five burial areas
were detected in niches and fractures of the rock (Fig. 4 a, b). The skeletal remains were
commingled and not anatomically connected. The grave goods consisted of few elements in poor
state of preservation and not clearly associated with individuals (Arena et alii, 2014; Arena and
Gualdi, 2014). Besides many pottery vessels, ornaments and fossil shells of Cypraea sp. (probably
used as necklace pendants) were found. Furthermore, a spindle-whorl, connected to weaving
activities, were discovered (Larocca, 2005). Evidences of funerary rituals carried out in the cave
were recorded, such as the intentional breaking of metal swords and the deposition of animal parts
(Fig. 5a, b). In particular, burned skeletal remains of a Sus scrofa were found in the final part of the
Pregrotta, near the necropolis (Larocca, 2005). Radiocarbon analyses performed on human skeletal
remains dated the burials to the Middle Bronze Age, about half of the II millennium BC. Evidences
indicate that the necropolis was used for 300 years, between 1700 and 1400 BC (Arena et alii,
2014).

Fig. 2a. On the left, the cave’s entrance.
Fig. 2b. On the right, the cave’s entrance by internal view.



Sala dei Pipistrelli

North

Cunicoli terminali

0 50 m

Fig. 3. The plan of the cave with the indication of the three main hypogeal sectors: Pregrotta, Sala dei Pipistrelli, Cunicoli terminali.

SITE PLAN 50

Entrance meties

Fig. 4a. The five burial areas in the deepest sectors of the cave.



Fig. 4b. Sala dei Pipistrelli: a burial area inside a fracture of the cave’s wall.

0 2cm

Fig. 5a. The grave goods found: A= Bronze Age vessel; B= spindle-whorl; C= a fossil shell Cypraea sp.



Fig. 5b. Evidences of funerary rituals: A= a burned humerus of Sus scrofa; B= broken swords.

Grotta di Sant’Angelo (GdSA)

The cave places in the North-Eastern Calabria (Cassano allo Ionio, Cosenza), in the area of the
Mount St. Marco (502 m above the sea) and Muraglione (593 m above the sea) characterized by a
series of small hills. The cave was discovered by a team of speleologists (Commissione Grotte E.
Boegan) in 1977-78. It develops on two levels, one upper, called “Grotta di Sant’ Angelo superiore”,
and the other lower, called “Grotta di Sant’Angelo inferiore” (Gasparo, 1979) (Fig. 6, 7).

Grotta di Sant’Angelo superiore opens with two entrances on the North-western side of the Mount
St. Marco-Muraglione system. It is a cave extremely complex, characterized by a series of
horizontal tunnels that develop for about 1000 m at different heights, in correspondence of two
main levels: 440 m and 425-430 m above the sea level. The thin deposits contained clays, guano
and gypsum. During the first investigation of the cavity (1978), the speleologists discovered human
skeletal remains associated with numerous vessels dated back to the Ancient Bronze Age (Fig. 8§ a,
b) (Gasparo 1979, 1980).

Grotta di Sant’ Angelo inferiore is located under the Southern entrance of the Grotta superiore. The
initial tunnel opens in a large cave with the bottom occupied by clastic material and blocks of
considerable size (up to several hundred cubic meters). No human remains were found by
speleologists (Gasparo 1979, 1980).
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Fig. 6. Plan of Grotta di Sant’Angelo Superiore (Gasparo, 1979).
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Fig. 7. Plan of Grotta di Sant’Angelo Inferiore (Gasparo, 1979).
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Fig. 8a-b. Vessels discovered inside Grotta di Sant’ Angelo Superiore by Commissione Grotte E. Boegan, between points 20 and 22 of the plan
(Gasparo, 1980).

Grotta dell’Antenato (GdA)

The cave is placed in the North-eastern Calabria (Cassano allo Ionio, Cosenza) in the area of the
Mount St. Marco-Muraglione system (as the Cave previously described). It was named “Grotta
dell’ Antenato” by Kleibrink (2006) and recently indicated as “Grotta Sant’Angelo IV because of
its topographical position (Ippolito, 2016): from the entrance of the Archaeological park, Cave IV is
located to the left of Sant’ Angelo caves (Fig. 9). The site was discovered by speleologists in 1998:
archaeological findings indicate that the cave was used as burial ground from the Middle Eneolithic
to the end of the Early Bronze Age (Ippolito, 2016). The patronage of the funerary site was
classified in three different phases by archaeologists based on of the typology of pottery and the
radiocarbon dates performed on human and faunal remains. Among anthropological findings, the
presence of three individuals was recorded: a young subject (point A in the map) dated to the end of
the Middle Eneolithic (1405-1295 BC); two individuals: one inhumed adult and a secondary burial
in a ceramic jar containing some long bones (point F in the map), dated back to the Late Eneolithic-
Early Bronze Age (Fig. 10). The animal bones (found at point G and, to a lesser extent, at points B-
C-D) demonstrate that one sheep/goat, one pig, one bovine and one wild animal (boar or red deer)
were carried out into the cave during the final phase of the Early Bronze Age (1690-1610 BC). The
faunal and human skeletal remains sampled in this study belong to the Early Bronze Age.
Archaeologists asserted that from this period the funerary use of caves was preserved only for some
particular categories of individuals (Cocchi Genick, 1999; Bietti Sestieri, 2011). The demographic
growth of communities, due to the development of agricultural practices, may have resulted in
social stratification with individuals to which a more complex funerary ritual was reserved,
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involving votive offerings and banquets, as suggested by the animal remains and ritual vessels
found in Grotta dell’ Antenato (Ippolito, 2016).

lower entrance

Fig. 9. Plan of Grotta dell’ Antenato (Ippolito, 2016).

Fig. 10. The jar found in association with bones (Ippolito, 2016).

Grotta di Donna Marsilia (GAMR)

The cave is located close to Morano Calabro (Cosenza), in a hilly area called “contrada Sassone”
(Fig. 11). It was discovered in 1960 by Agostino Miglio an later explored by Santo Tiné (Fig. 12).
The archaeological and anthropological evidences were found during a survey in 1962. In 1983,

13



after they were examined by the archaeologist S. Luppino, they were stored in the Museo
Archeologico Nazionale della Sibaritide. The human skeletal remains belong to a single individual:
unpublished archaeological data indicate that they were associated with faunal remains and
Eneolithic-Bronze Age vessels (reported by archaeologists of Museo Archeologico Nazionale della
Sibaritide).

Fig. 11. Contrada Sassone (Morano Calabro - CS) (Google image).
Fig. 12. The entrance of the Grotta di Donna Marsilia (Google image).

Grotta du’ Scuru (GdSc)

The cave is near Amantea (Cosenza). Recent surveys - carried out by speleologists and
archaeologists of the Centro Regionale di Speleologia “Enzo dei Medici” in 2012 and still ongoing -
pointed out the archaeological importance of the cavity (Fig. 13, 14). Human skeletal remains,
discovered in the site, belonged to two individuals: one adult and one adolescent. Unpublished
archaeological data referred that the remains lied in association with pottery of latest phases of
Bronze Age (reported by archaeologists of Centro Regionale di Speleologia Enzo dei Medici).

Fig. 13. The entrance of the Grotta du’ Scuru (from archives of Centro Regionale di Speleologia “Enzo dei Medici”).
Fig. 14. Grotta du’ Scuru: internal view (from archives of Centro Regionale di Speleologia “Enzo dei Medici”).
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The inland hilly sites of Basilicata

A total of three sites from Basilicata region were included in this study. The osteological collections
selected were sampled through the collaboration with the Museo Archeologico Nazionale
“Domenico Ridola” of Matera and the Museo Archeologico Nazionale of Potenza, with the
permission of the Soprintendenza dei Beni Archeologici della Basilicata. Also in these caves, the
skeletal remains were in a poor state of preservation and not anatomically connected. Although
good graves were found in the burials, they were not in clear association with the skeletons sampled
in this study.

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
Bradano River. Here, several burials were discovered both at Murgia Timone and Grotta Funeraria.
The graves consist in collective burials, typical of the Apennine Culture of Middle Bronze Age in
Southern regions. These types of burials were probably reserved to elite as shown by the rich good
graves. In particular, the presence of ornaments, weapons and vessels was recorded (Bietti Sestieri,
2011).

Published data and more detailed information regard only Murgia Timone. Archaeological
excavations of the site - carried out between 1800 and 1900 by Ridola, Patroni and Rellini -
discovered three graves (called Tomba 1, Tomba 2, Tomba 3), mentioned by archaeologists as
“tombe a grotticella” that were typical of the Bronze Age Culture (Fig. 15). Tomba 1 contained 22
burials associated with 54 human skulls and burned bones. Tomba 2 was divided into two cells: cell
A (with 2-3 individuals) and cell B (with 3 skeletons). Tomba 3 contained the highest number of
depositions. The T1 and T2 dated back to the Middle Bronze Age, while T3 contained materials
dated to the Iron Age. The anthropological samples from these graves were transferred to the Museo
Archeologico Nazionale di Napoli in the last century by Patroni and, subsequently, they were sent
to the Museo Archeologico ed Etnografico “L. Pigorini” in Rome (Quagliati, 1896; Patroni, 1897;
Ridola 1901, 1912; Grifoni-Cremonesi 1976, 1999; Lo Porto, 1988; Tunzi Sisto, 1999; Matarese,
2014). We had the possibility to sample only the findings stored in Matera Museum: faunal remains
of Murgia Timone and the human skeletal remains of Grotta Funeraria.

Fig. 15 a-b. Murgia Timone: the so called “Tombe a grotticella”.
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Toppo d’Aguzzo (TDT)

The ancient settlement of Toppo Daguzzo (Melfi) is located few kilometers away from Potenza, in
the fertile farmlands of the Ofanto Valley. The systematic excavations conducted since 1980
discovered three burials along the slopes of the hill. The first grave, consisting of an underground
structure with two compartments and a long access corridor, dated back to 16™-15" BC. The second
burial was a pit grave placed chronologically in the same period and located few meters away from
the former. The third consisted of a large underground chamber, dug into the tufa, with a long
corridor (dromos) dated back to the Middle Bronze Age, more precisely, between 15 and 14" BC.
Inside the room of the third burial, the remains in poor state of preservations of about ten
individuals without good graves were found. A second layer with a situation completely different
was discovered about twenty centimeters in depth: two rooms were recorded. In the first one, there
were evidences of funerary rituals (with vessels and burned faunal remains); in the second room
there were six males with weapons (connoted as warriors), four women (most of them with
ornaments), and a child (Fig. 16 a, b). Different vessels were deposed close to the infant deposition
(Fig.17, 18). It was interpreted as the burial of a warrior aristocracy (Cipolloni Sampo’, 1986a-b;
Bietti Sestieri, 2011). The skeletal remains analyzed in this study belonged to these individuals.
Some of them were stored in the Museo Archeologico Nazionale of Venosa: they were not in
anatomic connection.

Fig. 16a. The burial n. 3 of Toppo d’Aguzzo (Goggle image).
Fig. 16b. Replica of a burial (Burial n. 3).

Fig. 17. The good graves of Burial n. 3: on the left, vessels.
Fig. 18. The good graves of Burial n. 3: on the right, a bronze blade.
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Inland plan of Apulia

In this region, only one site has been examined. The skeletal remains of Ipogeo dei Bronzi were
sampled through the collaboration with the Department of Biology (University of Pisa). They were
in poor state of preservation and not anatomically connected. Althoug the presence of good graves
was indicated by archaeological reports, the association with skeletons that we have sampled was
not clear.

Ipogeo dei Bronzi (IpB)

The site is placed in the North of Apulia (Trinitapoli, Foggia), in a flat area of the promontory of
Gargano (90 m above the sea level). It was a hypogeal burial ground dated back to the Middle
Bronze Age (Fig. 15). Archaeological excavations recorded 200 individuals, both males and
females of all age groups. Currently, some of the skeletons are lost and the remaining remains are in
poor state of preservation (Bietti Sestieri, 2011). The archaeological record has recognized distinct
groups of individuals, probably belonging to different family units. The male grave goods included
weapons (swords and daggers), some knives and two razors. The female kits included bronze
ornaments, bony objects and polished stones (counting amber, faience and glass paste from the
Aegean and the Eastern Mediterranean). Among pottery, cups, bowls, jugs and “pissidi” were
found. Archaeologists assumed that the presence of several collective burials mirrored the social
organization family-related; however, the record of grave goods richer than others allowed to
assume different social status among individuals (Tunzi Sisto 1997, 1999; Vanzetti, 1999; Mazzei
and Tunzi Sisto, 2005; Bietti Sestieri, 2011).

Fig. 15. Ipogeo dei Bronzi: plan (Google image).
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CHAPTER 2: STABLE ISOTOPES ANALYSIS AND DIET IN BRONZE AGE
POPULATIONS LIVING IN SOUTHERN ITALY

2.1 Introduction

The use of stable isotopes for diet reconstruction is remarkable for the assumption that you are what
you eat (Ambrose and Norr, 1993). Analysis of stable isotope ratios from mineralized tissues (bone
or teeth) is a direct and widely-used technique for diet reconstruction (Reitsema, 2013) because it
reflects a mixture of the isotopic signatures of foods consumed during an individual’s lifetime
(Shoeninger, 2011). In particular, stable isotope analysis on bone collagen reflects mainly the
protein fraction of the diet. Carbon provides data on photosynthetic pathway (i.e. C3, C4 or CAM
plants) and/or ecosystem of origin of the proteins consumed (terrestrial, freshwater, and/or marine).
Carbon and, in particular, nitrogen isotopes ratios reflect the trophic level of the acquired dietary
protein and increase by 0-1%o for §!°C and 3-5%o for §'°N every step of food chain (Shoeninger and
De Niro, 1983; Bocherens and Drucker, 2003; Herrscher, 2003; Mannino, 2009; Mannino et alii,
2015) (Fig. 1, 2). Therefore, nitrogen ratios of faunal samples are useful to understand if proteins
consumed by humans are derived by carnivores or herbivores (meat, milk and dairy products)
consumption and/or their ecosystem of origin. In summary, stable isotope ratios give information on
the type of diet, distinguishing broad food categories: for example, meat versus plants, terrestrial
versus aquatic protein sources, Cs4 plants versus Cz plants (DeNiro 1978, 1981, 1987). The first
applications of this method date back to 1977, when Vogel and van der Merwe analyzed carbon
isotope ratios of Native American skeletons. These authors demonstrated that maize was not a
significant component of the diet in the northeast United States until after 100 BC (Vogel and van
der Merwe, 1977). Among subsequent studies, De Niro and Epstein (1980) used §°C and §°N
values of bone collagen to investigate the diet of population living in Tehucan Valley of Mexico
over 7000 years span. Variation in the carbon and nitrogen values indicated that C4 plants and
legumes were introduced into the diet much earlier than suggested by conventional archaeological
analyses. In 1983, Shoeninger and De Niro demonstrated that bone collagen §'°N values were
useful in determining relative dependence on marine and terrestrial food sources and, in
investigation of trophic level relationships, among different animal species within an ecosystem
(Shoeninger and De Niro, 1984; De Niro, 1985). The research of the dietary patterns in European
prehistoric human populations has been widely studied (Triantaphyllou et alii, 2008; Lopez-Costas
et alii, 2010; Goude et alii, 2011; McClure et alii, 2011; Najera Colino et alii, 2012; Koch and
Kupke, 2012; Garcia Borja et alii, 2013; Salazar Garcia et alii, 2013; Herrscher et alii, 2014), and
only recently Italian prehistoric diet has been investigated through isotopic analyses. Lai et alii
(2007, 2014) analyzed prehistoric communities of Sardinia; Lelli et alii (2012) performed stable
isotopes analyses on earliest farmers of South-East Italy and Mannino et alii (2015) on Mesolithic
hunters-gatherer diets in Sicily. However, regarding the Italian Bronze Age, nutritional
investigations explored through isotopic approach were scarcely conducted. In particular, the first
studies on stable isotopes analysis were carried out by Tafuri et alii (2009) on Northen (Olmo di
Nogara, Sedegliano) and Southern Italy (Toppo d’Aguzzo and Lavello) and Lai et alii (2014) on
Bronze Age communities of Sardinia. Recently, Varalli et alii (2016 a-b) carried out isotopic
analyses on Early-Middle Bronze Age communities of Central-Northern Italy sites: Arano di
Cellore (Southern Veneto), Grotta dello Scoglietto (Southern Tuscany), Grotta Misa and Falcetone
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(Northern Latium). These authors demonstrated that the transition from Early Bronze Age to the
Middle Bronze Age represents a moment of change, which is reflected by the presence of different
dietary patterns. In particular, the Middle Bronze Age settlements of the Central Italy seem to be
characterized by the introduction of new crops (such as millet). In contrast, the Southern Italian
communities were characterized by a diet tied to Neolithic heritage based on C3z plants consumption
(i. e. wheat and barley) (Tafuri et alii, 2009). To date, studies on Bronze Age diet in Southern Italy
are scarce, considering that only two contexts (Toppo d’Aguzzo and Lavello in Basilicata) were
analyzed by isotopes analysis (Tafuri et alii, 2009).

This study aims to provide a more comprehensive representation about the diet of Bronze Age
communities living in Southern Italy, in order to clarify the aspects emerged in previous research
and possibly to add new information. In particular, we aim to extend the area of investigation,
involving sites belonging to different geographical contexts and environments: the inland mountain-
hilly sites of Calabria (Grotta della Monaca, Grotta du’ Scuru, Grotta di Donna Marsilia, Grotta
dell’ Antenato e Grotta di Sant’Angelo), inland hilly sites of Basilicata (Toppo d’Aguzzo, Grotta
Funeraria e Murgia Timone) and inland plain of Apulia (Ipogeo dei Bronzi). The explored period is
the Bronze Age (2300-950 BC) because of the changes that occurred in relation to the subsistence
strategies with specialized agriculture, becoming the main livelihood of the Mediterranean Bronze
Age economy (Salvadei and Santandrea, 2003; Peroni, 2004; Bietti Sestieri, 2011).
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Fig. 1. Carbon fractionation according to trophic level (Herrscher, 2003).
Fig. 2. Nitrogen fractionation according to trophic level (Herrscher, 2003).

2.2 Materials and methods
2.2.1. The sample

A total of thirty-three human and twelve animal bone specimens were collected for isotope analyses
from the sites described in the Chapter 1 (Introduction). Faunal samples are useful to compare
human nitrogen ratios in order to understand whether proteins consumed derived by animal intake:
carnivores or herbivores (meat, milk and dairy products). Given the funerary contexts, very few of
the selected sites had associated fauna. Where animal bones were not available, specimens were
collected in neighboring sites of the same area. Only adult bones were selected for both fauna and
human specimens, in order to obtain information about a longer period of time, as bone turnover is
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slower during the adulthood than adolescence and childhood. In fact the 20-50% of collagen of an
adult femur, for example, aged back to adolescence, reporting isotope values of 10 years of the life
of the examined subjects (Hedges, 2007). Both male and female bones were sampled for this study.
The selection of anatomical parts to be cut was based on the bone state of preservation, according to
criteria indicated by Schwarcz (1991). Moreover, when skeletons were not whole but commingled,
only bones used for MNI (Minimum Number of Individuals) calculation were sampled. After
selection, the cutting was carried out on bones by a micro drill (Dremel 3000), obtained sub-
sampling approximately 2-3 grams of bone. Each specimen was then wrapped with pluriball paper
and stored into a bag with an identification code.

In order to the subsequent statistical analyses, the specimens were grouped by geographical position
and environment as follow: Group 1 (inland hilly/mountain sites of Calabria); Group 2 (inland hilly
sites of Basilicata); Group 3 (inland plan of Apulia). All the remains dated back to the Middle
Bronze Age, except those from Grotta di Donna Marsilia, Grotta dell’Antenato and Grotta di
Sant’Angelo that dated back to Ancient Bronze Age and Grotta du’ Scuru dated to Late Bronze
Age.

2.2.2 Assessment of Minimum Number of Individuals (MNI) and biological profile of
individuals: methods

The biological profile of humans was examined using the traditional anthropological methods.
Conversely, faunal species were defined according to Barone (2006) and archaeological
documentation available for consultation.

Minimum Number of Individuals (MNI)
When the reconstruction of skeletal identity was difficult, protocols known in literature (Cox ef alii,
2008; Mallegni et alii, 1994; Pacciani, 1993; Mallegni and Rubini, 2002; Canci and Minozzi, 2005)
were applied on commingled remains to estimate the Minimum Number of Individuals (MNI) of the
examined necropolis. According to the cited authors, bones were classified by anatomical type
(humerus, femur, tibia, etc.), side (left/right), sex (male/female), age classes (young adults/middle
adults/old adults). Therefore, MNI was calculated on anatomical element more present per sex and
age class than other parts of skeleton, using the following criteria:
- connection of skeletal remains belonging to the same anatomical element (e.g. diaphysis and
epiphysis of femur)
- joints connection
- same bone maturation (criteria related to age of individuals)
- sex
- measurements: age-related differences or stature and strength of an individual (taking into
account pathological asymmetries)
- symmetrical bones
- pathologies
- color of bones (independent from taphonomic processes)
- muscle insertions
- state of preservation (although bones of the same individual may have different levels of
deterioration)

20



- archaeological information (with particular reference to position of bones in the

archaeological stratigraphy)

The reconstruction of the skeletons (when possible) was done according to MNI bones at first,
proceeding on the case of above criteria. The associations were based on unequivocal conformity.
Therefore, in case of ambiguity, anatomical elements were not attributed to any skeleton.

Anthropological methods for sex diagnosis and age estimation in human skeletal remains
The poor state of preservation of ancient osteological materials made difficult the sex diagnosis and
the age determination of human skeletal remains. For this reason, different methods were applied in

order to a more truthful reconstruction.

Sex diagnosis was mainly performed according to Acsadi and Nemeskéri (1970) method. Authors
provided five aspects of skull and pelvis morphology (X): iper-masculine (+2), male (+1),
intermediate (0), female (-1), ultra-feminine (-2). In all cases, each anatomical district had a value
(W). The degree of “femininity” and “masculinity” (M) was calculated with the following

formula: M =2 WX/X W

where M (degree of sexualization) = sum () of the product of the weight (W) of each character and

its aspect (X), divided by the sum of the weights (ZW) (Fig. 3-5).
The Ferembach et alii (1977-1979) standards were used for these assessments.

Valutazioni
Carattere Valore| ————- T j - -
iperfemminile femminile intermedio 1 schile ipermaschile
-2 -1 0 +1 +2
CALVARTUM
glabella (Gg. 3) 3 molto debale (0) leggermente marcata (1) media (2) marcata (3-4) molto forte (4-5)
processus mastoidens 3 molto piccolo, appuntito | piccolo medio grande molto grande, arrotondato
superficie del 3 liscia linea nucale superiore de- | linea nue. sup. evidente, | grande arrotondata
planunr nuchale bolmente indicata cresta occip, debolm, syi- | sviluppata molto forte
luppata
processus  zygomakicis 3 molto bas:o, gracile basso, mediamente gracile | intermedio alto, forte molto alto e forte
arcas superciliaris 2 molto debale | leggermente marcato medio marcato molto forte
tubera frontalia et parietalia| 2 marcate mediamente marcate intermedie deboli assenti
protuberantia occipitalis ex-| 2 molto debole (0) debole (1) media (2) forte (3) molto forte (4-5)
terna (schema di Broca, |
fig. 3)
inclinatio frontalis 1 verticale quasi verticale poco inclinata leggerm. sfuggente fortemente sfuggente
os zygomaticum 2 molto bas:o, liscio basso, liscio mediamente alto, con su- | alto, con superlicie ircego- | molto alto, con superficie
perficie irregolare lare irregolare
Jorma orbitae; margo supra-| 1 | circolare; wolto acuto circolare; acuto intermedia; intermedio leggermente quadrata; leg- | quadrata; fortem, arroton-
orbitalis germente arrotondato data
Manoisura
aspetto 3 gracile mediamente gracile medio robusto molto robusto
mentunt 2 piccolo, arratondato piccolo medio prominente, forte, visto | forte e con protuberanza
di faccia & angoloso bilaterale
angulus mandibulae 1 liscio leggermente rugoso con rugositd marcate con rugosity marcate e leg- | con mgnsit_ﬂ & retroversio-
| gera retroversione ne notevoli
margo inferior sottile piuttosto sottile medio piuttosto spesso spesso

Fig. 3. Predictive characters of skull according to Ferembach et alii (1977-1979).
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Carattere

sulens  prae-auricularis

incisura ischiadica maor

angulus pubis

Arcus compositus

05 coxde

Joramen obturatum

corpus ossis ischii

crista iliaca

Jossa iliaca

pelvis maior

pelvis wminor

Valore

iperfemminile
-2

profondo, ben delimitato

molto ampia, a forma
di U

angolo fortemente ottu-

so ¢ arrotondato

basso, largo, con ala ilia-
ca allargata e rilievi mu-
scolari poco marcati

triangolare, con margini
acuti

molto stretto, con Iu -ero-
sitd ischiatica poco im-
pressa

a forma di § molto appiat-
tla

molto bassa, larga

molto larga

molto larga

Valutazionli

fernminile intermedio maschile ipermaschile
2y 0 +1 +2
pitt appiattito, meno ben | delincato presente  soltanto  sutto | assente
delimitato forma di tracce
ampia, a forma di U intermedia a forma di V

ottuso tendente all'angolo
retro

con doppia curva

caratteri femminili un po’
meno marcati

triangolare

stretto

a forma di S appiattita

bassa, larga

larga

larga

sensibilmente  ad

retro

angolo
ma di

forma intermedia caratteri

marcati
forma ineclassificabile ovalare
medio largo
forma intermedia

media per altezza ¢ lar-

ghezza

media

media

alta, stre

stretta

stretta

debolmente acuto, a for-

con curva unica

maschili m:no

a forma di S netta

tta

molto stretta, a forma
di V

fortemente acuto, a for-
ma di A

alto, stretto, rilievi mu-
scolari marcati

ovalare, con margini arro-
tondati

plo[_to _Itrgo con tuberositd
ischiatica fortemente svi-
luppata

a forma di S accentuata

molto alta e stretta

molto stretta

molto stretta

Fig. 4. Predictive characters of Pelvis according to Ferembach et alii (1977-1979).

Fig. 5. Sex determination according to Acsadi e Nemeskeri (1970).

22

DETERMINAZIONE MORFOLOGICA DEL SESSO
CRANIO (Broca 1875; Acsadl e Nemeskeri, 1970, WHA, 1980)
CARATTERE | IMPORTANZA | VALORE (X) WxX
W)
Sl“'::““' ; BACINO (Acsadi e Neméskeri, 1970, WEA, 1980)
reale ~
Bozze roniTpaieL ) CARATTERE IMPORTANZA | VALORE (X) WxX
Inclinazione del 1 (W)
Tipo di mastoide 3 Solco preauricolare 3
Linee nucali 3 Thei h 3
Protuberanza. 2 cisura ischiatica magg,
Proccsso ziogomat. 3 Angolo sottopubico 2
__Lé:’mlj‘ omatico ; Arco compostoci:+1) 2
Tesla -
Orbita 1 Morfologia gen. 2 SR I
Forame otturato 2
£ Cranio e 24 ‘(‘mn_rpgigl"scihio‘b B T S =
G 3 C resta 1]|aca 1
Mento 2 Fossa iliaca 1
Angolo goniaco 2 Grande pelvi 1
Bordo inferiore 1
= Mandibola S 8 = max 19
= Capo ‘ ok 32
Grado di lita: Z(WxX) = (@>ne<n
Grade di sex. del Cranio: (2Wxx) - (=0, 2=0) Iw
W
Grade di sex. del Mandibola: (CWxX) (205 F<0)
rW
Grade di sex. del Capo; (ZWxX) - (3=0; 2<0)
W




It was not possible to observe all districts involved in Acsadi & Nemeskéri (1970) method because
of the poor state of preservation of skeletal remains. According to the availability of skeletal
districts in the subjects examined, further anthropometric standards were applied:

- skull: height of the mastoid process (Giles and Elliot, 1964; Demoulin, 1972)

- mandible: thickness of the mandibular body between the first and the third molar
(Piquet,1956)

- scapula: length and width of the glenoid fossa, length and thickness scapular spine (Olivier
and Pineau, 1958).

- humerus: transverse diameter of the head (Dwight, 1905; Ferembach et alii 1977, 1979,
1980; Dittrick and Suchey, 1986; France, 1988);

- radius: vertical diameter of the head (Cattaneo and Grandi, 2008)

- ulna: anterior-posterior diameter and transverse diameter (France, 1998)

- femur: maximum diameter of the head (Iordanidis, 1961; Dittrick and Suchey, 1986)

- tibia: maximum sagittal diameter at the level of the tuberosity (Ferembach et alii 1977,
1979, 1980)

- talus: length and width (Steele, 1976)

- talus: length, width and height; calcaneus: maximus length, medial breadth, height of the
body (Gualdi-Russo, 2006)

Although present in the examined osteological collections, was not possible to evaluate the
diagnostic parameters of clavicle, sternum, vertebrae and sacrum because they were not clearly
associated to a specific individual.
Age determination in ancient samples involves an estimation of the individual’s age at the time of
death by comparing morphological features in the skeletal remains with changes recorded for recent
population of known age (Ubelaker, 1989).
In this study, different methods were considered:

- changes of the ileum auricular surface of the os coxae (Lovejoy et alii, 1985; Meindl and

Lovejoy, 1985);

- pubic symphysis surface changes (Todd, 1921);

- synchondrosis of ectocranial suture (Meindl and Lovejoy, 1985; Buikstra and Ubelaker, 1994)

- tooth wear (Brothwell, 1981; Lovejoy et alii, 1985)

Authors classify changes of the ileum auricular surface according to 8 phases. Assessments were
carried out using photographic plates of Ubelaker’ (1989) and White and Folkens’ (1991) standards.
For a better understanding of the auricular surface changes, descriptions treated in detail by Bedford
et alii (1989) were taken into account. The changes of auricolar surface are associated to 8 age
classes, as it is summarily shown below:

1. 20-24 years: transverse billowing and very fine granularity. Articular surface displays fine
granular texture and marked transverse organization.

2. 25-29 years: reduction of billowing but retention of youthful appearance.

3. 30-34 years: general loss of billowing, replacement by striae, and distinct coarsening of
granularity. Loss of transverse organization and coarsening of granularity is evident.

23



4. 35-39 years: uniform, coarse granularity. Minimal changes are seen at the apex, micro-
porosity is slight and there is no macro-porosity.

5. 40-44 years: transition from coarse granularity to dense surface.

6. 45-49 years: completion of densification with complete loss of granularity.

7. 50-59 years: dense irregular surface of rugged topography and moderate to marked activity in
pre-auricular areas. Increased irregularity of margins is seen. Retro-auricular activity is from
moderate to marked in most cases.

8. 60+: breakdown with marginal lipping, macroporosity, increased irregularity, and marked
activity in pre-auricular area. Margins become lipped with degenerative joint changes. Retro-
auricular area becomes well defined with osteophytes. There is clear destruction of
subchondral bone.

The pubic symphysis surface metamorphosis was observed. Age-related changes on this surface
continue during adulthood when other epiphyses of the limbs were merged. Young adult pubic
symphysis has a rigged surface, traversed by horizontal ridges and intervening grooves. This
surface changes with age: it loses reliefs, it is bounded by a rim and, progressively, it is
characterized by erosion and general deterioration (White and Folkens, 1991). The assessment was
performed using Todd method (1921), that pointed out 10 phases of pubic symphysis changes age-
related (Fig. 6).

rs old Stage 4: 25-26 years old Stage 5: 27-30 years old
Ly o 7 i "

Stage 6: 30-35 years old Stage 7: 35-39 years old Stage 8: 39-44 years old Stage 9: 44-50 years old Stage 10: 50+ years old

Fig. 6. Changes in pubic bone age-related (Todd, 1921).

Synchondrosis of cranial sutures begins generally at 20 years of age and continues, intermittently,
until the complete obliteration in very advanced age (White and Folkens, 1991). Meindl and
Lovejoy (1985) and Buikstra-Ubelaker (1994) standards were used for this assessment. The method
selects a series of 1 cm segments of ectocranial sutures, assigning a score (0-3) age-related to each
sites: 0= open, 1= minimal closure (< 50%); 2= significant closure (> 50%); 3= complete fusion
(Fig. 7). Canci and Minozzi (2005) standard was used to define the age at death by assessments.
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Fig. 7. Stages of obliteration of the cranial sutures: A= open suture; B= minimal closure; C= significant closure; D= complete fusion.

Wear of teeth occlusal surfaces gradually increases with aging. The assessments were carried out
according to Brothwell (1981) standards and Lovejoy method (1985) (Fig. 8, 9).

Tavole di usura dentaria di Brothwell (1981)
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Fig. 8. Degrees of wear age-related according to Brothwell (1981).
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Tavole di usura dentaria di Lovejoy (1085)
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Fig. 9. Degrees of wear age-related according to Lovejoy (1985).

It was not possible to use anthropometric markers for age estimation because of the poor state of
preservation of skeletal remains. The inability to associate with certainty some anatomical elements
to specific individuals has led to discard other standards, such as age-related changes of vertebrae
and sternal ends of ribs.

Age classes used in this study were composed according to Buikstra and Ubelaker (1994), as
follows (Table 1):

Age class Years of age
Young Adults 20-35
Middle Adults 35-50
Old Adults 50+

Table 1. Age classes according to Buikstra and Ubelaker (1994).

Concerning stable isotopes analyses, only two groups have been considered in order to compare
data: young adults (< 35 years old) and adults (> 35 years old), because of the sample size.
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2.2.3 Stable isotopes analysis: methods

Stable isotopes analysis on bone collagen was performed on all the 45 specimens selected (33
humans and 12 faunal skeletal remains). This approach consists of two phases:

1. the collagen extraction from both human and animal bone specimens

2. the mass spectrometry performed on collagen extracts
The analyses were carried out in collaboration with School of Culture and Society - Prehistoric
Archaeology (University of Aarhus, Denmark). In particular, collagen extraction and spectrometry
were carried out at the Aarhus AMS Centre - Institute of Physics and Astronomy (University of
Aarhus, Denmark).

Collagen extraction

Bone collagen was extracted from 0.5 g of cleaned bone fragments (cortical bones), following
Login (1971) method modified by Brown et alii (1988) and Jerkov et alii (2007). The ultrafiltration
protocol, introduced by Brown and colleagues, separates high molecular weight (MW) components
of the gelatinized “collagen” (>30kD) from low MW fractions (<30kD) (which will include broken-
down/degraded collagen fragments, salts, soil derived amino-acids, other potential contaminants).
The use of ultrafilters improves the quality of extracted collagen (evaluated by better C:N ratios)
and eliminates salt components that could make gelatinization problematic (Higham et alii, 2006).
Appendix 1 (attached to this chapter) shows in detail the operations performed.

Mass Spectrometry and stable isotopes outcome

Each collagen extract was then analyzed by elemental analyzer (EA) coupled to a continuous flow
isotope ratio mass spectrometer (EA-IRMS, Elemental Analysis - Isotope Ratio Mass Spectrometry).
We have analyzed 57 specimens: 44 human and faunal collagen extracts, 9 duplicates, 4
background bones’ extracts and 10 standards (GEL-AD SID6 UDT: '%/15.10). Each standard
weighted 0.200-0.300 mg. The background bone (a whale bone aged 40.000 BP) was used as a
background control sample.

The isotope 8'°C and §"°N expressed the ratio of the heavy isotope (1*C, '°N) to the light isotope
(12C, "N) in a sample, relative to international standards (International Atomic Energy Agency).
Ratios were expressed using the delta () notation, as part per thousand (%o). The §'°C ratio has
been reported relative to the V-PDB marine fossil limestone standard (Vienna Pee Dee Belemnitella
fossil); 8!°N ratio was relative to atmospheric N> (AIR) standard (Ambrose and Norr, 1993; Sharp,
2007). The 8'3C %o was calculated, for instance, as follows (Ambrose and Norr, 1993):
(BC:2Cample/ > C:*Cstandard -1) x 1000.

The extracted collagen material was quality-checked in terms of collagen percentage and C:N
values. For the purpose of this study, extracts were condidered 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 proposed by De Niro (1985).
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2.2.4 Statistical methods

Data were elaborated with STATISTICA for Windows - version 11 (StatSoft Italia srl, Vigonza,
Padua, Italy). Mean and standard deviation (SD) were computed to describe the sample. Due to the
sample size, the non-parametric tests were used to compare means: Mann-Whitney U-test (2 items)
and Kruskal-Wallis test (3 items). For all statistical analyses, a significance level of p < 0.05 was

used.

2.3 Results

The table below shows the samples selected for stable isotopes analyses, with indication of the bone
considered, side and biological profile of human subjects (Table 2).

Sample Species Site 5L BT 7 G Bone Skeletal element | Side Sex Age
ID context class
Group 1

Grotta di Donna Marsiglia

GdMRla | human GdMR Superficial layer | Cranial bone parietal bone R F adult

GdMR2 Sus scrofa | GAMR Superficial layer | Humerus diaphysis L ND | adult

GdMR3 Sus scrofa | GAMR Superficial layer | Mandible Corpus L ND | adult

GdMR4 Sus scrofa | GAMR Superficial layer | 3° Metatarsal | diaphysis L ND | adult

Grotta dell’Antenato

GdA1 human GdA Superficial layer | Mandible Corpus ND F adult

GdA1C14 | human GdA Superficial layer | Mandible Corpus ND F adult

GdA2 human GdA Superficial layer | Mandible Corpus L M | adult

GdA4 Sus scrofa | GdA Superficial layer | Mandible Corpus L ND | adult

GdAS Sus scrofa | GdA Superficial layer | Humerus diaphysis L ND | adult

Grotta di Sant’ Angelo

GdSA1 human GdSA V Superficial layer Femur diaphysis R M | adult
of gallery

GdSA2 | human | Gdsam | Superficiallayer | b diaphysis F | adult
of gallery

GdSA3 Sus scrofa | GdASAIl | D22 US 1 Humerus diaphysis ND | adult

Grotta della Monaca

GdM2 human GdM CTv/mSv/S/tg Cranial bone occipital bone ND F young
1,2,3 adult

GdM4 human GdM CTv/m5v/S/tgl/ | Cranial bone occipital bone ND F Zgzﬁg

GdM6 human GdM CT dx-fv/Z3 Radius diaphysis L ND | adult

GdM9 human GdM CT dx-fv/Z4 3° Metatarsal | diaphysis R ND | adult

GdM10 | human GAM | CT dx-fv/Z6 ﬁiﬁ?ﬁfal diaphysis ND | ND | adult

GdM11 human GdM CT dx-fv/Z6 3° Metatarsal | diaphysis L ND | adult

GdM12 Sus scrofa | GAM Pfs Humerus diaphysis ND Zgzﬁg

Grotta du’ Scuru

GdScl human GdSc Superficial layer | Radius distal metaphysis | R ND ngﬁg

Group 2

Toppo d’Aguzzo

TDT13a | human TDT S'17150-180 | pandible Corpus L M | middle
cm 15 adult

TDT14a | human TDT SIT150-180 | nrandible Corpus L po|od
cm 3 adult

TDTI15a human TDT S'17 150-180 Mandible Corpus R F young
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cm 8 adult
TDT17a human TDT S'17 150-180 Cranial bone parietal-temporal R F middle
cm 12 bone adult
TDT18a human TDT S'17 150-180 Mandible Corpus R young
cm 12 adult
TDT19a human TDT S'17 130-180 Mandible corpus R middle
cm 11 adult
TDTI1 |human | TDT |5 17150180 ool bone | parietal bone L | np | middle
cm 16 adult
Grotta Funeraria
GFla human GF GF1 Mandible Corpus L M ggfﬁle
GF2a human GF GF2 Mandible Corpus L M ggfﬁle
GF3 human GF GF12 Mandible Corpus R M ggfﬁle
GF4 human GF GFl11 Mandible Corpus L M Zgl‘iﬁg
GF5C14 | human GF GF4 Mandible Corpus L M Zgzﬁg
GF6C14 human GF GF7 Mandible Corpus L M :gslctue
Murgia Timone
MT1 Ovis aries | MT 3779 Metatarsus metatarsal bone ND ND | adult
MT2 Canis | \pp 3790/41 Mandible Corpus L ND | adult
familiaris
MT3 Cattle MT 3792 Astragalus astragalus ND ND | adult
MT4 Sus scrofa | MT 3787 Metatarsus metatarsal bone ND ND | adult
MT5 Cattle MT 3807/74 Metacarpus metacarpal bone ND ND | adult
Group 3
Ipogeo dei Bronzi
IpB2 human IpB B2 (11) Humerus diaphysis R M | adult
IpB3 human IpB B2 (13) Humerus diaphysis R M | adult
IpB4 human IpB D7 (d) Mandible Corpus R M | adult
IpBS human IpB D7 (¢) Mandible Corpus L F adult
IpB6 human IpB F8 (d) Mandible Corpus L F adult
IpB7 human IpB C5 (d) Mandible Corpus R M | adult
IpB12 human IpB SFQ D6 Mandible Corpus L M | adult

Table 2. The samples selected (R=right; L= left;

M= male; F= female; ND= non determinable).

Among humans (N= 33), there were 16 males (48.5%) and 11 females (33.3%). The remaining 6
specimens (18.2%) were not determinable for sex (ND), because of their poor state of preservation
(Fig. 10, 11):
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Fig. 10. On the left, human samples according to sex (N= 33). Fig. 11. On the right, human sample according to sex in each group (N= 33).

On 33 human specimens, there were 8 young adults (24.2%); 8 middle adults (24.2%); 1 old adult
(3%); 17 generically defined as “adults” (52 %) (Fig. 12, 13).
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Fig. 12. On the left, the human sample according to the age (N= 33).
Fig. 13. On the right, human sample according to the age in each group (N= 33).

Concerning fauna, it was not given any indication regarding the sex of animals in the archaeological
record. Faunal samples are generically indicated as “adults” by archaeologists, except for one young
adult (cfr. Table 1: ID GdM12, Sus scrofa, according to Bux and Scintillani, 2005).

The results of carbon (§'3C) and nitrogen (§'°C) isotope analyses performed on collagen extracted
are presented in Table 3.

30



. . 88Cy. 5N C Nar . %
Lab ID S-ID Site Species v (%o) SD (o) SD (TCD) SD (TDC) SD C:N SD yield
Group 1
28697 | GAM09 | GAM | Human | -19.67 | 0.3 9.46 045 | 4548 | 0.01 1633 | 0.01 3249 | 001 73
28698 | GAM02 | GAM | Human | -19.61 | 0.3 8.98 045 | 4508 | 0.01 1627 | 0.01 3232 | 001 71
28699 | GAMO04 | GAM | Human | -2031 | 0.14 | 7.69 023 | 43.66 | 0007 | 1609 | 0007 |3.166 | 0007 |54
28700 | GAMI0 | GAM | Human | -19.81 | 03 8.75 045 | 4691 | 0.01 1734 | 0.01 3156 | 0.01 72
28701 | GAMII | GAM | Human | -19.87 | 0.3 737 045 | 4431 | 0.01 1597 | 0.01 3237 | 0.01 6.5
28702 | GAMO6 | GAM | Human | -19.93 | 03 7.01 045 | 43.05 | 0.01 1544 | 0.01 3253 | 0.01 22
28704 SdMROl GdMR | Human | -19.68 | 0.3 10.13 045 | 4445 | 0.01 1633 | 0.01 3176 | 0.01 2.8
28708 | GdAO1 GdA | Human | -19.17 | 03 10.82 045 | 4342 | 0.01 1591 | 0.01 3184 | 0.01 2.6
28709 (l}fAOIC GdA | Human | -1931 | 03 9.15 045 | 4458 | 0.01 1632 | 0.01 3187 | 0.01 2.6
28710 | GdA02 | GdA | Human | -19.82 | 0.14 | 7.97 023 | 45335 | 0007 | 16.14 | 0.007 | 3277 | 0007 | 46
28713 | GdSAOI | GdSA | Human | -19.03 | 0.3 9 045 | 44.66 | 0.01 1637 | 0.01 3183 | 0.01 6.8
28714 | GdSA02 | GdSA | Human | -19.06 | 022 | 832 024 | 44505 | 0.007 | 1636 | 0.007 | 3.174 | 0007 | 4.9
28741 | GdScOl | GdSc | Human | -1941 | 0.3 10.17 045 | 4474 | 0.01 16.3 0.01 3202 | 0.01 4.9
28705 | GAMRO02 | GdMR Sscurf) 6 | 2142|013 | 406 021 | 324 0.006 | 44.893 | 0.006 | 3.4 0006 | 73
28706 | GAMRO3 | GdMR SSC“; o | 1965 |03 8.45 045 | 3277 | 001 4446 | 001 3277 | 0.01 22
28707 | GAMRO4 | GdAMR SSC“rf)fa 2071 |03 2.96 045 | 3.184 | 0.01 4438 | 0.01 3184 | 0.01 5.1
28711 | GdAO4 | GdA S:rifa 2149 |03 6.88 045 | 3.186 | 0.01 45.69 | 0.01 318 | 0.01 7.1
28712 | GdAOS | GdA Ssé‘ri o | 2052 |03 53 045 | 3206 | 0.01 4474 | 0.01 3206 | 0.01 7.9
28715 | GdSA03 | GdSA SSC“; o | 2092 |03 4.92 045 | 3.166 | 0.01 4567 | 0.01 3166 | 0.01 49
Group 2
28716 | TDT103a | TDT | Human | -1939 | 0.3 10.23 045 | 4502 | 0.01 1646 | 0.01 3191 | 0.0l 3.0
28717 | TDT104a | TDT | Human | -2021 | 03 8.42 045 | 449 0.01 16.5 0.01 3175 | 0.01 23
28718 | TDT105a | TDT | Human | -19.71 | 0.3 9.16 045 | 4476 | 0.01 1632 | 0.01 32 0.01 34
28719 | TDT107a | TDT | Human | -1938 | 0.14 | 9.66 023 | 45615 | 0007 | 1673 | 0.007 | 3.181 | 0.007 | 44
28720 | TDT108a | TDT | Human | -2024 | 03 8.79 045 | 4421 | 0.01 1577 | 0.01 3271 | 0.01 32
28721 | TDT109a | TDT | Human | -1943 | 03 9.97 045 | 4695 | 0.01 1725 | 0.01 3175 | 0.01 39
28722 | TDT111 | TDT | Human | -1895 | 03 9.09 045 | 4648 | 0.01 16.88 | 0.01 3212 | 0.01 4.7
28723 | GFOla GF Human | -19.89 | 0.3 1021 045 | 4398 | 0.01 1599 | 0.01 3209 | 0.01 2.8
28724 | GFO2a GF Human | -19.77 | 0.14 | 9.48 023 | 4471 | 0007 | 1609 | 0.007 | 3242 | 0007 | 2.0
28725 | GF03 GF Human | -19.14 | 03 9.62 045 | 4453 | 0.01 1628 | 0.01 3191 | 0.01 25
28726 | GFO4 GF Human | -19.63 | 03 9.8 045 | 4496 | 0.01 1598 | 0.01 3282 | 0.01 25
28727 | GF05C14 | GF Human | -1932 | 03 9.87 045 | 4591 | 0.01 1639 | 0.01 3268 | 0.01 38
28728 | GF06C14 | GF Human | -19.44 | 0.14 | 9.78 023 | 455 0.007 | 1647 | 0.007 | 3223 | 0007 | 45
28729 | MTO1 MT ;)rfelz 2066 | 0.3 5.63 045 | 4384 | 001 1553 | 0.01 3293 | 0.01 3.8
Canis
28730 | MTO2 MT familiar | -19.08 | 0.3 8.01 045 | 4399 | 0.01 1588 | 0.01 3232 | 001 2.8
is
28731 | MTO3 MT Bos 192 0.3 732 045 | 4421 | 0.01 1573 | 0.0l 3279 | 0.01 24
28732 | MT04 MT SSC“rSOfa 2038 | 03 7.68 045 | 4475 | 0.01 1623 | 0.01 3217 | 001 34
28733 | MTO5 MT Bos 11913 | 0.15 | 74 024 | 44095 | 0.007 | 1585 | 0.007 | 3245 | 0.007 | 3.5
Group 3
28734 | 1pB02 IpB Human | -18.97 | 03 8.59 045 | 4482 | 0.01 16.56 | 0.01 3158 | 0.01 3.0
28735 | 1pB03 IpB Human | -19.79 | 0.3 8.76 045 | 44.14 | 0.01 1572 | 001 3276 | 0.01 33
28736 | IpB05 IpB Human | -1953 | 03 8.01 045 | 43.92 | 0.01 1597 | 0.0l 3208 | 0.01 37
28737 | IpB04 IpB Human | -1891 | 03 9.96 045 | 4372 | 0.01 16.17 | 0.01 3154 | 0.01 22
28738 | IpB06 IpB Human | -1957 | 0.14 | 9.16 023 | 4274 | 0007 | 15.725 | 0.007 | 3.171 | 0.007 | 0.5
28739 | 1pB07 IpB Human | -1951 | 03 8.92 045 | 4215 | 0.01 1535 | 0.01 3204 | 0.01 3.0
28740 | IpBl12 IpB Human | -19.17 | 03 8.42 045 | 43.07 | 0.01 15.7 0.01 32 0.01 21

Table 3. Carbon (51°C) and nitrogen (3'°N) isotope ratios in bone collagen extracted from faunal and human samples.

The pretreatment was carried out on the 45 skeletal remains (33 human bones and 12 faunal bones),
however it was possible to extract collagen only from 44 samples as the sample ID GdM12 (Sus

scrofa) was lost during the pre-treatment operations. All 44 extracts are considered well-preserved
collagen because of their collagen yields > 1%. Specimen IpB 06 had a critical yield value (i.e. 0.5
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%) and it, thus, considered with caution. In addition, C/N ratios obtained, for both animals and
humans, fell in the range between 2.9-3.6, which indicated good collagen preservation.

The scatterplot below shows the spreading of faunal and human stable isotope ratios, according to
Table 3 data (Fig. 14).

12

Sea Co P9 -

©
(%) N¢1Q

0
-22 -21,5 -21 -20,5 -20 -19,5 -19 -18,5
513C (%)
® Group 1 humans Group 1 omnivores
Group 2 humans Group 2 omnivores

Fig. 14. Human and faunal §'*C (x) and 8N (y) ratios scatterplot in the skeletal sample (N= 44).

The carbon and nitrogen analyses on the 6 animals of Group 1 (inland mountain-hilly sites of
Calabria) resulted in bone collagen §'3C values from -21.49 %o to -19.65 %o (-20.79 %o £0.68 %o)
and 8'°N values from 2.96 %o to 8.45 %o (5.43 %o £1.97 %o). The 5 faunal extracts of Group 2
(inland hilly sites of Basilicata) showed bone collagen §'*C values from -20.66 %o to -19.08 %o (-
19.69%o0 £0.77%o0) and §'>N values from 5.63%o to 8.01%o (7.21%o0 £ 0.92%o). Group 3 had no faunal
specimens. The sample ID GAMRO04 (Sus scrofa - Group 1) had different concentration of isotopes
ratios (8'°C=-20.71%o and 8'°N= 2.96%.) pointing out a diet characterized by a prevalent intake of
vegetal protein (C; plant derived). The faunal sample ID MTO1 (Ovis aries - Group 2) had higher
concentrations of 8'3C (-20.66%o) and slightly lower concentrations of §'°N (5.63%o) than the other
herbivores of Group 2 (cattle). No carnivores were present in the sample, therefore isotopes ratios
(in particular §'°N values) did not point out significant trophic level differences, with omnivores
(Sus scrofa and Canis familiaris) ranged from -21.49%o to -19.08%o (-20.52%0 +0.83%o0) for &'3C
and from 2.96%o to 8.45%o (6.03%o £2.01%o) for !N and herbivores (Ovis aries and cattle) ranged
from -20.66%0 to -19.08%o (-19.65%0 +0.88%0) for 8!°C and from 5.63%o to 8.01%o (6.98%o
+1.22%o) for §'°N.

The human specimens have a §'°C mean value of -19.59%o +0.38%o (from -20.31%o to -19.03%o)
and §"°N mean value of 8.83%o £1.14%o (from 7.01%o to 10.82%o) in Group 1; §'3*C mean value of -
19.58%o £0.38%o (from -20.24%o to -18.95%0) and 5'°N mean value of 9.54%o £0.54%o (from 8.42%o
to 10.23%o0) in Group 2; 8'*C mean value of -19.35%0 £0.33%o (from -19.79%o to -18.91%0) and
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8N mean value of 8.83%o £0.62%o (from 8.01%o to 9.96%o) in Group 3. The humans in Group 1
had a §'3C mean value by 1.2%o higher than the omnivores mean value (-20.79%o +0.68%o) and by
3.4%o higher than the omnivores §'°N mean value (5.43%o £1.97%o). Humans in Group 2 had a §'*C
mean value by 0.2%o higher than the omnivores mean value (-19.73%o0 +0.92%0) and by 0.1%o than
the §'*C mean value of herbivores (19.66%o £0.86%o), as well as respectively by 1.7%o higher than
the 8!'°N mean value for the omnivores (7.85%o0 £0.23%o) and by 2.8%o higher than the §'°N mean
value for the herbivores (6.78%o £1.0%o). Applying the theoretical predator-prey scheme: §'°N= 3-
5%o, 8'*C= 0-1%o (DeNiro and Epstein, 1981; Minagawa and Wada, 1984; Schoeninger and
DeNiro, 1984), the comparison between animal and human mean values showed that humans-group
1 was one trophic higher level than omnivores, therefore faunal resources (Sus scrofa meat) were
consumed. Instead, humans-group 2 isotope values did not indicate an important animal protein
intake. Regarding humans of Group 3 published data (Tafuri et alii, 2009) were used for
comparison with faunal isotope ratios. Two reference animal bone samples of deer (Cervus elaphus)
and sheep/goat (Ovis vel Capra), collected from the Middle Bronze Age site of Madonna di Loreto
(Foggia, Apulia), showed the following isotope values: -20.4%o of 8'3C and 7.2%o of 8'°N for
Cervus elaphus; -20.4%o of 8'*C and 7.1%o of $'°N for Ovis vel Capra. The predator-prey scheme (5
humans ratios=O faunal ratios) did not suggested an animal intake for Group 3 communities: humans had by
1.05%o higher than the §'3C value of herbivores and by 1.73%o higher than §'°N value of herbivores.
In order to point out differences of diet according to archaeological period, Ancient Bronze Age
sites (ABA) and Middle/Late Bronze Age sites (MLBA) were compared. The table below shows the
mean values of humans belonged to Grotta di Donna Marsilia, Grotta Sant’Angelo e Grotta
dell’Antenato (ABA) and Grotta della Monaca, Grotta du’ Scuru, Toppo d’Aguzzo, Grotta
Funeraria, Ipogeo dei Bronzi (MLBA) (Table 4).

ABA MLBA
513C 615N 613C 615N
Min -19.82 10.80 -20.31 7.00
Max -19.03 7.90 -18.91 10.20
Mean -19.35 9.20 -19.58 9.03
SD +0.33 +1.09 +0.37 +0.89

Table 4. Human stable isotopes mean values (%o) of Ancient Bronze Age sites and Middle Bronze Age sites.

The Mann-Whitney U test results did not indicate a statistical significance between Ancient and
Middle/Late Bronze age samples (U=53.50, p=0.1993 for §'3C and U= 77.00, p= 0.8519 for §"°N).

After this assessment, it was possible to compare sites according to topography: Group 1, Group 2,
Group 3. The human mean values of §'3C and §'°N are summarized in the following table (Table 5).

Group 1 Group 2 Group 3
813C 515N 813C SISN 513C 815N
Min -20.31 7.01 -20.24 8.42 -19.79 8.01
Max -19.03 10.82 -18.95 10.23 -18.91 9.96
Mean -19.59 8.83 -19.58 9.54 -19.35 8.83
SD +0.38 +1.14 +0.38 +0.54 +0.33 +0.62

Table 5. Human stable isotopes mean values (%o) per each group (1, 2, 3).

Non parametric tests were performed in order to test potential variability in diet among the three
Groups. Results did not point out a statistical significance (Kruskal-Wallis test, H= 2.02, p= 0.3636
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for '°C and H= 5.31, p= 0.0702 for '°N). As shown by the standard deviation (£1.14%o), Group 1
nitrogen values have a greater variability than the other two groups.

In order to verify any difference according to the closeness to the sea, the Mann-Whitney U test was
performed to compare the most inland sites (Group a: sites located more than 20 km from the sea)
and those closest to the coast (Group B: sites located less than 20 km from the sea). The Group o
includes TDT and GF (inland hilly sites of Basilicata); Group B includes GdM, GdMR, GdA,
GdSA, GdSc (inland mountain-hilly sites of Calabria) and IpB (inland plan of Puglia). Table 6
shows the mean isotope values of the Group o (N= 13) and Group B (N= 20):

Group a Group B

813C SISN 813C SISN

Min -20.24 8.42 -20.31 7.01
Max -18.95 10.23 -18.91 10.82

Mean -19.58 9.55 -19.51 8.83
SD +0.38 +0.54 +0.37 +0.98

Table 6. Mean 5'"°C and 3N values (%o) in Group a and Group p.

The Mann-Whitney U test resulted a statistical significance for §'°N (U= 122.00, p= 0.7682 for
813C and U= 68.00 p= 0.0224 for §'°N).

In order to point out differences in diet dependent on sex, the comparison between isotope mean
ratios of males and females was undertaken. Stable isotopes mean values in males and females are
shown in Table 7.

Males Females

813C 615N 813C SISN

Min -20.24 7.97 -20.31 7.69
Max -18.91 10.23 -19.06 10.82
Mean -19.47 9.34 -19.59 9.05
SD +0.37 +0.70 +0.39 +0.93

Table 7. Stable isotopes mean values (%o) in humans according to sex determination.

The Mann-Whitney U test pointed out that there were not substantial differences between males and
females (U= 74.50, p=0.5055 for §'*C and U= 69.50, p= 0.3611 for §!°N). Evaluations concerning
stable isotopes mean values between males and females in each group according to geographical
location are the following (Table 8):

Group 1
Males n=2 Females n= 6
513C 615N 813C 615N
Min -18.82 7.97 -20.31 7.69
Max -19.03 9.00 -19.06 10.82
Mean -19.43 8.49 -19.52 9.18
SD +0.56 +0.73 +0.46 +1.15
Group 2
Males n=9 Females n=3
813C 615N 613C SISN
Min -20.24 8.79 -20.21 8.42
Max -19.14 10.23 -19.38 9.66
Mean -19.58 9.75 -19.77 9.08
SD +0.34 +0.44 +0.42 +0.62
Group 3
Males n=35 | Females n=2
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513C 615N 313C 515N
Min -19.79 8.42 -19.57 8.01
Max -18.91 9.96 -19.53 9.96
Mean -19.27 8.93 -19.55 8.83
SD +0.37 +0.61 +0.03 +0.62

Table 8. Stable isotopes mean values (%o) in each group.

The Mann-Whitney U test demonstrated that there were not statistical differences between males
and females in each group as shown by the following table. Only the 5'°N data in the Group 2 are
close to the statistical significance (Table 9).

Group 1 Group 2 Group 3
813C 615N 813C SISN 513C 815N
U 5.00 4.00 11.00 4.00 2.00 4.00
p-level 0.7389 0.5050 0.6439 0.0789 0.2453 0.6985

Table 9. Comparison between males and females in each group.

According to age classes, the isotope mean values of young adults was -19.75%0 £0.39%o (min. -
20.31%o0; max. -19.32%o) for 6'*C and 9.21%o +0.85%o (min. 7.69%o; max. 10.17%o) for §'°N. The
middle adults mean values were -19.42%o £0.30%0 (min. -19.89%o; max. -18.95%o) for 8'°C and
9.76%0 £0.38%o (min. 9.09%o; max. 10.23%0) for 3'°N. Only one old adult was recorded (ID:
TDT104a) with 83C= -20.21%0 and 8'°N= 8.42%o. In order to statistical comparisons, two age
classes were created: young adults (< 35 years of age, N= 7) and adults (> 35 years of age, N=9).
The last one class concerned middle adults (N= 8) and one old adult (TDT104a). Mann-Whitney U
test demonstrated not significant differences between age classes (U= 21.00, p= 0.2663 for §'*C and
U= 23.00, p= 0.3682 for §'°N). It was not possible to compare the age classes for each group with
different geographical location because of the small sample’s size.

2.4 Discussion

In order to analyze chemical markers of food habits, carbon (8'3C) and nitrogen (8'°N) isotope
analysis was performed on faunal and human collagen extracts belonged to the Bronze Age sites
mentioned before. As expected, faunal isotope ratios were similar to data obtained for Italian
environments by Varalli et alii (2016a). The following table shows mean values of domesticated
animals obtained from site of Grotta Misa in Northern Latium and Grotta dello Scoglietto in
Southern Tuscany and data obtained from inland hilly sites of Calabria (Group 1) and inland hilly
sites of Basilicata (Group 2) (Table 10). Group 3 (Ipogeo dei Bronzi) was not included in the
comparison since no faunal remains were associated with individuals examined in this study.

Site Species 313C (%o) SD 315N (%) SD
Grotta Misa herbivores -20.15 +1.06 5.30 +1.41
Grotta dello Scoglietto herbivores -20.76 +£1.24 534 +0.67
Group 2 sites herbivores -19.65 +0.88 6.98 £1.22
Grotta dello Scoglietto omnivores -20.60 £0.26 5.63 +0.25
Group 1 sites omnivores -20.79 £0.68 5.43 £1.97
Group 2 sites omnivores -20.52 +0.83 6.03 +£2.01

Tab. 10. Stable isotopes mean values calculated using Varalli et alii (2016a) results and data obtained in this study.
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Considering the ranges of §'3C values recorded, it was possible to assert that they were consistent
with the compositions expected for animals living in terrestrial and temperate ecosystem that
consumed Cs plants (Smith and Epstein, 1971; De Niro and Epstein, 1978; Schoeninger and
DeNiro, 1984; Herrscher, 2003; Mannino et alii, 2015). The sample GAMRO2 (Sus scrofa - Group
1) showed a different concentration of isotope ratios (5'°C= -20.71%o and 5'"°N= 2.96%o) than the
mean of other pigs (-20.80%o £0.75%o for 8'3C and 9.41%o £6.89%o for §'°N), pointing out a diet
characterized by a prevalent intake of vegetal proteins (Cs plant derived). This result could depend
on the high variability of omnivorous diets: the standard deviation of nitrogen values confirmed a
protein consumption that shifted from more vegetarian to more animal feeding. The sample MTO1
(Ovis aries - Group 2) had higher concentrations of &'3C (-20.66%0) and slightly lower
concentrations of 8'°N (5.63%o) than the other herbivores of Group 2 (cattle: respectively -19.20%o
and -19.13%o for 8'3C, 7.32%o and 7.40%o for 6'°N). This result could depend on a different pasture,
considering that open-air environments increase the carbon concentrations (Mannino, 2009). It was
interesting to note that, among omnivores of Group 2, the sample MTO02 (Canis familiaris) had
stable isotopes ratios more similar to humans (-19.8%o for 6'*C and 8.01%o for §'°N) than the
sample MT04 (Sus scrofa), that probably had a more vegetarian diet (-20.38%o for 8'°C and 7.68%o
for 8'°N). Nitrogen isotope ratios reflected the trophic level of the acquired proteins and increase
by 3-5%0 every step up the food chain (Schoeninger and De Niro, 1984; Bocherens and Drucker,
2003; Mannino et alii, 2015). No carnivores were present in the sample, therefore isotope ratios (in
particular 8'°N values) did not point out significantly trophic level differences among faunal
categories (herbivores and omnivores).

Regarding human isotopes ratios no statistical difference was indicated between Ancient Bronze
Age sites and Middle/Late Bronze Age sites (U=53.50, p= 0.1993 for §'C and U= 77.00, p= 0.8519
for 8'°N). This result contrasted with data obtained from Central-Northern Italy sites, where
different diets were followed in these two periods. In fact, the Ancient Bronze Age sites of
Sedegliano (Friuli Venezia Giulia) and Arano di Cellore (Veneto) showed a Cs3 plants-related diet
(-19.47%0 +1.45%o0 for carbon and 7.79%o +1.08%o for nitrogen), while the Middle Bronze Age of
Olmo di Nogara (Veneto), Falcetone and Grotta Misa (Northern Latium) showed that feeding intake
based on C4 plants (i.e. millet): -16.87%0 £2.05%0 for carbon and 8.31%0 £1.41%o for nitrogen
(isotopes mean values were elaborated using Tafuri et alii, 2009 and Varalli et alii, 2016 data).
Comparison with our isotope values demonstrated a statistical difference between Northern and
Southern Ancient Bronze Age communities (U= 0.00, p= 0.0000 for carbon and U= 41.00, p=
0.0025 for nitrogen) and between Central-northern and Southern Middle Bronze Age sites (U=
0.0000; p= 0.0000 for carbon and U= 348.00, p= 0.0281). These differences were probably due to a
higher animal protein intake of Southern Ancient Bronze Age diet than Northern coeval
communities, as demonstrated by nitrogen ratios (9.20%o +1.09%0). Moreover, regarding to Middle
Bronze Age sites, differences could also depend on different vegetal proteins consumed (C4 plants-
related for Central-northern sites and C3 plants-related for Southern sites). Millet was introduced in
Central and Northern Italy during the Middle Bronze Age and it was not regularly consumed in
Southern Italian communities of the same period (Tafuri et alii 2009; Varalli et alii 2016a). In
Northern Italy P. miliaceum cultivation started during the Ancient Bronze Age as attested in Monte
Covolo (Pals and Vorrips, 1979) and in Canéar (Castiglioni et alii, 1998; Castelletti et alii, 2001),
anyway the increase of this cereal’s cultivation dated back to the Middle/Late Bronze Age, as
attested in Terramara di Montale (Mercuri et alii, 2006). In fact, this period was characterized by
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high economic development, that determined a significant increase of settlement in Central and
Northern Italy (i.e. Terramara) resulting in environmental changes, such as deforestation (Peroni,
2004; Bietti Sestieri, 2011). The deforestation, which led to aridity of the soils, facilitated the
introduction of millet (Valsecchi et alii, 2006; Cremaschi et alii, 2016). Moreover, new commercial
trades with Europe transalpine could have promoted the diffusion of this new crop (Varalli et alii,
2016): paleobotanical record attested that millet was imported from Western Europe and indicated
an increase in cultivation around 1700 BC (Lake de Bourget, South-East France) (Rosch, 1998;
Jacob et alii, 2008). Although millet (Cs plant) was sporadically recorded in South Italy by
paleobotanical data (Bietti Sestieri, 2011), our data did not indicate a regular C4 plant consumption
in Southern communities. In fact, the human isotope composition of sites investigated in this study
(Group 1, 2, 3) had a §'3C mean value of 19.51%o +0.14%o and a 8'>N mean value of 9.07%o
+0.41%0. Data were coherent with mean values obtained by Tafuri et alii (2009) on humans of
Southern coeval sites (Toppo d’Aguzzo and Lavello: 19.53%o £0.18%o for §!°C and 8.25%o £0.55%o
for !°N), that indicated a diet C3 plants-related. In order to point out the crops consumed, archaeo-
botanical data of coeval sites were used as reference: Broglio di Trebisacce (Calabria, Cosenza);
Lavello (Basilicata, Potenza); Coppa Nevigata (Apulia, Foggia), Piazza Palmieri (Apulia, Bari),
Scoglio di Apani (Apulia, Brindisi), Roca and Scalo di Furno (Apulia, Lecce). Among C3 species
cultivated, findings showed the presence of einkorn weath (7riticum monococcum) and emmer
weath (Triticum dicoccum), weath (Triticum aestivum, compactum, durum), barley (Hordeum
vulgare, distichum and exasticum), scarcity of spelled, rye and oats, a small variety of broad bean
(Vicia faba var. minor), lentil (Lens culinaris) and Lathyrus cicera sativus (Caldara et alii, 1999;
Bietti Sestieri, 2011; Primavera and Fiorentino, 2014).

Concerning the animal protein intake, the comparison between faunal and human isotope ratios
indicated it only for humans of Group 1, based on omnivores (Sus scrofa). Anyway, it is important
to remake the high variability of faunal nitrogen ratios in Group 1 (omnivores mean value was
5.43%0 £1.97%0 for nitrogen); therefore, this result must be considered with caution. On the
contrary, results did not indicate the animal food consumption for humans-Group 2 (Toppo
d’Aguzzo and Grotta Funeraria) and 3 (Ipogeo dei Bronzi). Although this result confirms previous
assumption - Tafuri e alii (2009) estimated that C3 plants provided around 65-70% of total dietary
protein of Toppo d’Aguzzo human sample - it must be considered with caution. In fact, it is
important to remark that it was not possible to obtain detailed baseline: we had not faunal remains
of all species (herbivores and carnivores) and from each site examined. Comparisons between
human and fauna were made using animal remains from neighboring sites. However, the nitrogen
concentrations, resulted in human collagen extracts (around 9%o), indicated a moderate animal
protein intake. Regarding the comparison with previous periods, our results (§'°N ratios recorded)
differed from the range of measurements made on human bones from the inland Neolithic site of
Mora di Cavorso in Central Italy (Martinez-Labarga et alii, 2007) and from inland Neolithic sites of
Central and Northern Europe, that showed a typically enrichment in N (by 4-5%o) to local
herbivores (Richards 2002, 2003; Diirrwéchter et alii, 2006; Hedges and Reynard, 2007). This
contrast may support the hypothesis that intensive widespread cereal cultivation and consumption
did not occur before the Bronze Age and the notion that cereal cultivation (C3 plants) was more
important in Mediterranean Bronze Age economies than pastoralism (Salvadei and Santandrea,
2003; Tafuri et alii, 2009). Although Group 2 nitrogen values were slight higher than Group 1 and
3, the comparison between the isotope data among the three groups (Group 1, 2, 3) did not indicate
a significant difference. Conversely, the evaluation between inland sites (Group a: sites located
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more than 20 km from the sea) and those closest to the coast (Group f: sites located less than 20 km
from the sea) indicated a statistical difference in human nitrogen concentration. This result could
depend on a slightly higher consumption of animal proteins in communities of Group 2 (that
showed the highest concentrations of nitrogen). This hypothesis is the most plausible, since our
8'°N values suggested to rule out other factors that could increase nitrogen concentrations, such as
manuring (Bogaard et alii, 2007; Fraser et alii, 2011; Makarewicz, 2014; Makarewocz and Tuross,
2012; Makarewicz and Sealy, 2015). Moreover, they did not indicate a marine/freshwather intake
(according to standard of Shoeninger and De Niro, 1984). The lack of marine/freshwater resources
consumption in Mediterranean coastal sites was confirmed by Craig et alii (2006) studies. These
authors affirmed that during the Bronze Age marine foods were only a minor component to an
overall terrestrial diet (Craig et alii, 2006).

Although there was not archaeological information on grave goods related to the skeletons sampled,
there was evidence of the presence of grave goods in the examined sites (Larocca, 2005; Cipolloni
Sampo, 1986 a-b; Betti Sestieri, 2011). In particular, grave goods of Toppo d’Aguzzo (Tomba 3)
and Ipogeo dei Bronzi showed the presence of weapons in male burials (Cipolloni Sampo, 1986;
Borgognini Tarli et alii, 1991-1992; Tunzi Sisto 1999, 2005). In addition, a preferential
differentiation among burials of males, females and sub-adults (which could correspond to roles or
rank of individuals) appeared in Ipogeo dei Bronzi (Vanzetti, 1999). A reasonable hypothesis is that
feeding practices followed social complexity. It was possible that certain foods (i. e. meat) were
restricted to particular social groups (Schoeninger, 1979). However, our data did not give any
evidence of “status” differences both from the stable isotope comparisons between males and
females and between age groups. Although our results have been obtained on a small sample, we
can assert that cultural differences did not extend to the diet, or at least, if any dietary differences
existed, they were not isotopically measurable. Indeed, the occasional consumption of “prestige”
foods which would not be reflected in the long-term stable isotopic dietary record (Tafuri et alii,
2009).

Concluding, the isotopic record suggests a similar nutritional behavior for all environments
analyzed (Calabria, Basilicata and Apulia). Results indicate a terrestrial diet relied on the
consumption of C3 crops (cereals and legumes) and allow to assume a moderate animal protein
intake (meat or dairy products), that was slightly higher for the communities of Group 2. Although
the sites of Calabria and Apulia are next to the sea and Grotta Funeraria and Murgia Timone
(Basilicata) are close to a river (Bradano), no evidence of marine or freshwater consumption was
recorded.
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Appendix 1. Bone pretreatment: data sheet.

Phases:
1. Take a subsample out
2. Decalcification
3. Removal of humates
4. Dissolution/gelatination of collagen
5. Cleaning of Ezee- and ultrafilters
6. Ultrafiltration
7. Freeze-drying
8. Weighing collagen and storing it in tin-capsules

The whole pretreatment took approximately a week, depending on the quality of the bone and
chosen concentration of HCL (Table 11). The gelatination of the collagen took routinely 4 days.

Each filter was checked (!*C dated) before the use.

Wednesday | 0.5 M HCl

Thursday 1 M HCI, wash, 0.2 M NaOH, wash, 102 M HCl, adjust pH
Friday Adjust Ph if needed

Saturday

Sunday

Monday Clean ultrafilters

Tuesday Ultracentrifuge, freeze-dry

Wednesday | Weighing collagen and storing in tin-capsules

Friday 0.2 M HCl

Saturday

Sunday

Monday 1 M HCI, wash, 0.2 M NaOH, wash, 10 M HCI, adjust pH
Tuesday Adjust Ph if needed, Clean ultrafilters

Wednesday

Thursday

Friday Ultracentrifuge, freeze-dry

Saturday

Sunday

Monday Weighing collagen and storing it in tin-capsules

Table 11. Table shows the good days to start the procedures (according to protocols approved by AMS Laboratory).

1. Take a subsample out

Samples were cleaned with a small drill (Proxton Micromat 50/E, U=max, 18V). Pliers was used to
make tiny pieces of each sample with size of 4-5 mm. Bone powder and too small bone remains
were discarded because of fibers of collagen could be damaged. Bone fragments were put inside test
tube (Pyrex type) with ID sample, the weight and the labcode. The weight of samples was 500/600
mg for human bones and 400/500 mg for fauna. One background bone (a whale bone aged 40.000
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BP) per 15 test tubes was used as a background control sample. In order to prevent contaminations,
all work surfaces and instruments were disinfected with pure ethanol per each sample. The thin
paper and bowls used were changed per each sample. At the end of this first operation, drills were

cleaned with a specific procedure:

a.

e Ao o

cleaning drills with distillated H,O

putting them inside a backer and immerse them with distillated H.O
transfer backer with drills to ultrasound and wait for 10 m

putting ethanol inside the backer

repeat ultrasound for 10 m

remove ethanol and putting drills inside oven (95°)

2. Decalcification

HCI concentrations were in general:

0.5 M (1 M HCI + 200 ml demineralized H>O) for a night/over the weekend/when it was not
possible change the acid on one day

1 M (37% HCI + 900 ml H>O) for short time (hours/during the workday, when it was
possible to observe the samples)

Decalcification was carried out with cold HCI (4°C). It was used 1 M HCI during workday or when
it was possible to observe the samples. We have shifted to 0.5 M HCI at the end of the workday and
to 1 M HCl next morning. The following operations were conducted:

add 0.5 M HCI to the test tubes, but only half full. In effect, sometimes developed CO:
immediately;

wait until there was no more CO; bobbles (it taked from 20 minutes to a couple of hours).
After one hour at 5°C, it was possible to continue at room temperature. When samples did
not decalcify at the same time, we continued the procedure with the non-decalcified ones
and paused those calcified in water until the rest finished too;

centrifuge (Thermo Electron Corporation “Holm & Halby” 1700 rpm) for 5 minutes. The
supernatant was discarded;

add fresh acid (1 M HCl) and put all samples inside the fridge for few hours (in the
morning);

centrifuge (1700 rpm) for 5 minutes. The supernatant was discarded;

add fresh acid (0.5 M HCI) and put all samples inside the fridge for few hours (in the
afternoon);

continue the operation until the mineral fraction was dissolved completely: no bubbles, no
density gradient. Generally, this step could last from 4 to 7 days;

at last put demineralized H>O inside test tubes.

3. Removal of humates

This operation was carried out after test tubes were centrifuged and the water was discarded. The
operation was carried out with cold NaOH (5°C). The following steps were observed:

add 0.2 M NaOH (800 ml demineralized H>0 + 200ml 1 M NaOH) into test tubes and wait
15 minutes;

centrifuge (with small centrifuge 2200 rpm or big centrifuge 1700 rpm) in order to discard
the supernatant;

if NaOH was colored, add 0.2 M NaOH again and wait 5 minutes;
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e centrifuge and discard supernatant again;

e repeat until NaOH stay clear/light colored;

e when activity was stopped, put Millipore H2O in test tubes to clean samples;
e wash twice with Millipore H>O and centrifuge in between.

4. Dissolution/gelatination of collagen

It was added 102 M HCI covering the bone fragments (test tubes were about 1/3 full) and stirred.
After 30 minutes, pH was checked using specific standard. It should be between 1.6-2.2. If it was
not, 2 drops of 1 M HCI were put inside test tubes. After 30 minutes, pH should be in range (if it
was not, 3 drops of HCI 1 M were put inside test tubes). After 10 minutes, pH was checked. This

last operation was repeated until pH was in the right range, therefore samples were placed in the
oven (58 °C) over one night. A glass lid or a small beaker was put on each test tube. The next day,
samples were stirred and centrifuged. The supernatant (= dissolved collagen) was saved and put into
new test tubes. These ones were placed in the fridge for 3 days. 102 M HCI was put into the test
tubes with bone fragments inside. They were left up to 3 more nights more at 58°C or until all was
dissolved. After centrifuge, supernant was saved and added to the dissolved collagen in
corresponding test tube. They were stored in the fridge for 3 days.

5. Cleaning of ezee- and ultrafilters

This operation was performed 3 days prior to use filters. Cleaning procedure was different
according to the type of filter.
Ezee-filters © (Smm):

e it was put filters in a backer with Millipore H>O

e filters were put in ultrasound-bath for 20 minutes (ultrasound bath BRONSON 2510)

e it was rinsed (Millipore H>O) each filter for two times pressing with a test-tube

o filters were placed in bags with a handkerchief moistened

e Dbags were placed in the fridge
Ultra-filters (>30kDa Amicon® ultrafilters, code: R4CA36137 for human collagen, R5SA92347 for
fauna):

e it was added Millipore H,O

e Ultrafilters were centrifuged twice (10 min, 3500 rpm “ultrafilter program”).

o it was filled the filters with other distilled H.O

e filters were put in ultrasound bat (Bronson 1200) for 1 hour

e after bath, filters were filled with distillated H>O and centrifuged for 10 minutes,

3500 rpm (this operation was repeated twice)
o filters were filled with Millipore H,O
e it was pressed a rinsed ezee-filter carefully into each glass. Sample ID was written on
them
e filters were put in the fridge for 1 night

6. Ultrafiltration
e ezee- and ultrafilters were centrifuged (3500 rpm) for 10 minutes

e after centrifuge, H,O was discarded
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After 3 days, samples were centrifuged (1700 rpm) for 5 minutes. Supernatant (= dissolved
collagen) was put into rinsed and labeled ultra-filters and centrifuged for 5 minutes (3500 rpm). It
was added more supernatant and centrifuged for 5 minutes again. This step was repeated until all
supernatant was used and the collagen extract was reduced to an amount similar to the spiked part
of the ultra-filter. It was necessary be careful to have balance in the centrifuge.

The collagen extract was transferred into new labeled Pyrex glasses: it was used a 180 pl Finn-
pipette to suck up and down for 5 times. A 800 ul pipette was used to put distillated water into the
ultrafilter, therefore it was shifted to 180 ul Finn-pipette to suck up and down a couple of times and
to put collagen into the Pyrex. This last step was repeated twice. Collagen extract was frozen in a
tilted position 2-3 hours or overnight. Small lids with holes (or parafilm with holes) were put on
Pyrex test tubes.

7. Freeze-drying

The frozen samples were washed with liquid nitrogen. Pyrex were blocked with caps and put inside
the Freeze-dryer for one day.

9. Weighing collagen and storing it in tin-capsules

This last operation preceded the Mass Spectrometry. After pulling out samples from Freez-dryer,
collagen was obtained. It was weighing and each value was put into database to calculate the
collagen yield percentages. A collagen fragment was removed from each sample. Each collagen
sub-sample, after being weighed (0.200 to 0.300 mg), was packaged in an aluminum tin-capsule
(4x4x11 mm ELEMENTAR model). Each capsule was put in the box. A duplicate of a sample was
prepared every 5 samples. For each series of the box was prepared a reference standard (0.200-
0.300 mg): it was a gel with very thin granulometry (GEL-AD SID6 UDT: '%/15.10). Ten standards
were prepared. The ID gel/samples, the weights and the box position were written up in a sheet. In
order to avoid contamination all work surfaces and instruments were disinfected with pure ethanol
per each sample. For the same reason, thin paper and bowls used were changed per each sample.
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CHAPTER 3: DIET-RELATED MICROWEAR PATTERNS IN BRONZE
AGE POPULATIONS LIVING IN SOUTHERN ITALY

3.1 Introduction

Dental microwear analysis is a technique used to study microscopic features on the enamel of tooth
surfaces (Teaford 1991, 1994). The rate of tooth wear is useful for paleo-nutritional investigations
because it depends on both the masticatory frequency and the force produced by the upper and
lower jaws during mastication and especially on the types of diet, specifically on the amount and
kind of abrasive particles contained in the food (Molnar, 1972; Bermudez de Castro et alii, 2003;
Kaifu, 2000; Kaifu, Kasai, Townsend and Richards, 2003). In fact, the hard abrasive particles, such
as the siliceous phytolites (present in plants, leaves, fruits or medullas), are able to produce
microscopic damage (Galbany et alii, 2005). Researchers detected two types of dental microwear in
order to reconstruct ancient diet: pits and scratches. Pits result from compression of food or
contaminant particles on the enamel surface of teeth during the power stroke (Maas, 1994; Schmidt,
2010); scratches originate from the manner in which particles are dragged between opposite enamel
surfaces of the teeth (Ryan, 1979). Therefore, changes in dietary habits can be evaluated through the
frequency, size, orientation and morphology of these patterns (Mahoney, 2007). Studies on
Paleolithic diet, performing on living populations, pointed out that people who consumed hard
foods had a higher percentage of pits than those who eat soft foods. As a matter of fact they
showed a higher percentage of scratches. Therefore, pits were characteristics of an omnivorous diet
and scratches of a mostly vegetarian diet (Butler, 1952; Walker et alii, 1978). Many reviews on
dental microwear (Teaford, 1988, 1994, 2006; Ungar, 1998; Rose and Ungar, 1998) showed the
resulting advances over the past half century, such as the introduction of SEM (Scanning Electron
Microscope) in order to investigate the full potential of microwear patterns as an analytical tool
(Puech, 1977; Walker et alii, 1978; Rensberger, 1978; Puech and Prone, 1979; Ryan, 1979; Puech
et alii, 1980; Walker, 1980, 1981; Grine, 1981; Puech et alii, 1981; Ryan, 1981; Rensberger, 1982).
Standardization of imaging techniques and quantification of individual features were introduced as
researchers began to count and measure scratches and pits on photomicrographs (Gordon 1982,
1984 a-c; Teaford and Walker, 1984). Ungar (1995) proposed a semi-automated procedure that
required the identification of features by an observer, and it yielded computer-based tallies and
measurements. These studies gave further evidence of the potential of dental microwear for
reconstructing diet and subsistence practices of past peoples.

Very few studies on the dental wear of Italian Bronze Age populations have been published until
now in international journals (Cucina, 2002; Dori and Moggi-Cecchi, 2014) and none of them
examined tooth micro-wear patterns of Southern Italian Bronze Age population in order to diet’s
reconstruction. However, the research by Masotti et alii (2017) on Early Bronze Age inhabitants of
Ballabio (Valsassina, Lombardy) should be mentioned. Authors found a mostly vegetarian diet for
this community, although the high variability of microwear patterns suggested that it was necessary
to analyze deeply these aspects in order to a better characterization of the diet.

This study aims to provide information on Southern Italian Bronze Age communities never
investigated using this approach. Analysis was conducted on samples from different sites of
Southern Italy, considering several regions (Calabria, Basilicata and Apulia) and environments
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(mountain, hill, plain). In this way, inter- and intra-regional variations in food habits linked to the
availability of resources and livelihood strategies were examined.

3.2 Materials and methods

3.2.1 The sample

This study was based on the analyses of the occlusal surfaces of 24 human permanent teeth from
four Bronze Age sites of Calabria (Grotta della Monaca and Grotta dell’ Antenato), Basilicata
(Toppo d’Aguzzo) and Apulia (Ipogeo dei Bronzi) as listed in (Table 1):

Sa;;l)ple Site Archaeological information Teeth
1 Grotta della Monaca GdM/CTv/m5v/C/1v2/tgl/08 M2i
2 Grotta della Monaca GdM /CTv/B/Z2/03 Mls
3 Grotta della Monaca GdM/CTv S7/sC/D4I -12-23/08 M2i
4 Grotta della Monaca GdM/CTsx.i/cap 12-13/00 M2s
5 Ipogeo dei Bronzi IpB/SFQ D6 M2i
6 Ipogeo dei Bronzi IpB/QED9 () M3i
7 Grotta dell’ Antenato GdA/liv. sup. Mls
8 Toppo d’Aguzzo S'"17 150-180 cm 15 Mli
9 Toppo d’Aguzzo S'17 150-180 cm 8 Mli
10 Grotta della Monaca GdM /Ctv/m5v/S/tg2/08 Cs
11 Grotta della Monaca GdM /Ctv/m5v/S/tg2/08 Cs
12 Toppo d’Aguzzo TDT109b Ci
13 Toppo d’Aguzzo TDT104b M3i
14 Toppo d’Aguzzo TDT110b Pi
15 Toppo d’Aguzzo TDT106b M2i
16 Toppo d’Aguzzo TDT107b P2s
17 Toppo d’Aguzzo TDT108b Mli
18 Ipogeo dei Bronzi IpBO1d Mli
19 Ipogeo dei Bronzi IpB02d M2i
20 Ipogeo dei Bronzi IpB03d Ili
21 Ipogeo dei Bronzi IpB06d Pli
22 Grotta della Monaca GdM/CTdx-fv/Z3 (d) '02 Mls
23 Grotta della Monaca GdM/Ctdx-fv/D12/'03 Mls
24 Grotta della Monaca GdM/CTdx-fv/D11 M2i

Table 1. Dental samples analyzed by SEM and archaeological provenience (R= right; L= left; ND= non determined. Site abbreviations are mentioned
in the Chapter 1).

Different types of teeth were selected, according to lower degree of macrowear (stage 2-3 by Smith
1984) on occlusal surfaces. The table below shows the total sample composition by tooth type, jaw
and status (Table 2):
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Tooth Total Maxillary teeth Mandibular teeth ND for Isolated Not isolated
type n=24 Right Left Right Left side
N % N % N % N % N % | N % | N Y% N %
I 1 4.2 0 0 0 0 0 0 1 4.2 0 0 0 0 1 4.2
C 3 12.5 0 0 1 4.2 1 4.2 0 0 1 42 | 2 8.3 1 4.2
P 3 12.5 0 0 1 4.2 2 8.3 0 0 0 0 0 0 3 12.5
M 17 | 79.8 5 20.8 0 0 4 167 8 |333] 0 0 8 | 333 9 37.5

Table 2. Sample composition by tooth type, jaw and status (isolated and not isolated), N= 24.

In order to compare these data with those obtained through other analyses, the samples were
grouped in three series according to geographical area (Group 1, 2, 3):

e Group I: inland mountain-hilly sites of Calabria (Grotta della Monaca, Grotta
dell’ Antenato);

e Group 2: inland hilly sites of Basilicata (Toppo d’Aguzzo);

e Group 3: inland plan of Puglia (Ipogeo dei Bronzi).

It is necessary to remark that it was not possible to involve all the sites examined by stable isotopes,
because of the unavailability of teeth in some sites.

3.2.2 Biological profile of individuals: methods

When teeth are in situ (not isolated teeth), it was possible to associate them to the skeleton they
belonged. In these cases, the sex and age at death assessments were performed to provide the
biological profile of individuals. The methods and protocols used have been detailed previously in
Chapter 2.

Age classes used in this study were composed according to Buikstra and Ubelaker (1994), as
follows: Young Adults (20-35 years of age), Middle Adults (35-50 years of age), Old Adults (50+
years of age). Moreover, in order to compare results with stable isotopes data, two groups age-
related have been also considered: young adults (< 35 years old) and adults (> 35 years old).

3.2.3 SEM analyses: diet-related microwear patterns and microanalyses of chemical elements

In order to define the different microwear patterns of this sample, tooth occlusal surfaces were
examined using SEM Zeiss EVO 40 (LaB6 source, 30KV accelerating voltage) with magnification
set at 250x at Electron Microscopy Center (Ferrara University). Specimens were observed at a
variable depth of a few microns, with the possibility to operate in high vacuum and variable
pressure (SEM XVP), with a maximum pressure of 6 Torr. Some of the specimens were cut by a
hacksaw in order to insert them in the specimen chamber. Therefore, they were fixed on a specimen
stub, perpendicularly to the support. SEM images (250x) of a selected area of tooth occlusal
surfaces were obtained (Fig. 1). Digital micrographs were converted to bitmap file format and
imported into a semi-automated microwear analysis software called Microwear 4.02 (Ungar, 2002).
All features dimensions and frequencies were assessed by this program according to the
examination protocol developed by Ungar (1995) and Ungar, Scott, Scott & Teaford (2008): pits
and scratches were discriminated using a 4:1 length-to-width ratio and their frequency was
calculated. The pits were identified with a value below 4:1 ratio, while the scratches with a value
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above this threshold (Fig. 2). Microwear analysis included several variables: percentage of pits,
percentage of scratches, pit length (microns), pit width (microns), scratch length (microns) and
scratch width (microns), scratch tally and pit tally. Data were stored as ASCII files (Fig. 3).

SEM was equipped with a computerized microanalysis system (Link ISIS) and the spectrometry for
the X-ray energy dispersive (EDS), that allowed to analyze the distribution and percentages of the
inorganic chemical elements of dental hard tissues by comparing the X-ray emission of chemical
elements with the specific standards (Fig. 4).

Mag= 250X 100 um N _ - e —
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Fig. 1. SEM image at 250 x magnification. The area of the occlusal surface selected (area= 0.0441 mm?).
Fig. 2. The image elaborated with Microwear 4.02 (Ungar, 2002).
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Fig. 3. Data set calculated by Microwear 4.02 (Ungar, 2002) automatically.
Fig. 4. Microanalyses on the dental occlusal surface selected (0.0441 mm?) elaborated automatically by SEM.

3.2.4 Statistical methods

The results were expressed as means and standard deviation for quantitative variables and as
absolute frequencies and percentages for qualitative variables. Chi-square test was used for
comparisons between frequencies. Statistical comparisons were carried out for the following
quantitative variables that have been shown in the past to be useful for distinguishing living species
with different diets: 1) pits length, 2) pits width, 3) scatches length, 4) scratches width (Walker and
Teaford, 1989; Ungar et alii, 1994; Teaford et alii, 2001; Rafferty et alii, 2002; Ungar, 2016). Non-
parametric tests were used to compare quantitative variables: Mann-Whitney U-test (2 items) and
Kruskal-Wallis test (3 items). The data were processed by Statistica for Windows, Version 11.0
(StatSoft Italia srl, Vigonza, Padua, Italy). A p <0.05 was considered statistically significant.
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3.3 Results

3.3.1 Biological profile

Biological characteristics of individuals to which the examined specimens belonged are presented in
Table 3.

Sample ID | Site Archaeological information Teeth Sex Age class
1 GdM GdM /CTv/m5v/C/1v2/tgl/08 M2i ND adult
2 GdM GdM /CTv/B/Z2/03 Mls ND adult
3 GdM GdM/CTv S7/sC/D41 -12-23/08 M2i ND adult
4 GdM GdM/CTsx.i/cap 12-13/00 M2s ND adult
5 IpB IpB/SFQ D6 M2i M adult
6 IpB IpB/QE9 (e) M3i F adult
7 GdA GdA/liv. Sup. Mls ND adult
8 TDT S’ 17 150-180 cm 15 Mli M young adult
9 TDT S* 17 150-180 cm 8 Mli F young adult
10 GdM GdM /Ctv/m5v/S/tg2/08 Cs ND adult
11 GdM GdM /Ctv/m5v/S/tg2/08 Cs ND adult
12 TDT TDT109b Ci M middle adult
13 TDT TDT104b M3i F old adult
14 TDT TDT110b Pi F old adult
15 TDT TDT106b M2i M young adult
16 TDT TDT107b P2s F middle adult
17 TDT TDT108b Mli M young adult
18 IpB IpB0O1d Mli ND adult
19 IpB IpB02d M2i F adult
20 IpB IpB03d I1i M adult
21 IpB IpB06d Pli F adult
22 GdM GdM/CTdx-fv/Z3 (d) ‘02 Mls ND adult
23 GdM GdM/Ctdx-fv/D12/°03 Mls ND adult
24 GdM GdM/CTdx-fv/D11 M2i ND adult

Table 3. Details of human teeth sampled for this analysis (i: inferior; s: superior; ND: non-determinable; M: male; F: female. Site abbreviations were
specified in the Chapter 1). We use “adult” when it was not possible to specify the age at death of individuals.

According to sex diagnosis, 7 specimens (29.2%) belonged to females and 6 (25%) to males. The
sex assessment was not possible for 11 specimens (45.9%) because 10 of them were isolated teeth
(not associated to any skeletons) and, in one case, the skeleton did not preserve the anatomical
districts needed for this diagnosis. Concerning the age classes, 4 specimens belonged to young
adults, 2 to middle adults, 2 to old adults and 16 could only be referred generically as “adults”
(Table 4; Fig. 5, 6).

Age class Males Females ND Total % (n=24)
YA 3 1 0 4 16.7

MA 1 1 0 2 8.3

OA 0 2 0 2 8.3

A 2 3 11 16 66.7

Total 6 7 11 24 100

Table 4. The total sample composition by sex and age at death (Y A= young adults; MA= middle adults; OA= old adults; ND= non-determinable).
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B Males ®Females ®ND

Fig. 5. Frequency of the samples by sex (N=24).

Fig. 6. Frequency of the samples by age at death (N=24).

3.3.2 SEM analysis

Microwear patterns diet-related
Analysis performed on occlusal selected areas of 24 tooth surfaces pointed out 580 markers: 500
scratches (86.2%) and 80 pits (13.8%). The table below shows results obtained for each specimen

B Young adults ® Middle adults m Old adults

Adults

(Table 5):
. . Age .
Sample ID Site | Teeth | I | ND Side Sex class Scratches Pits
N % N %
Group 1
1 GdM M2i |1 L ND adult 55 887 | 7 11.3
2 GdM Mils 1 R ND adult 4 57.1 3 42.9
3 GdM M2i 1 L ND adult 50 96.2 2 3.8
4 GdM M2s 1 R ND adult 42 64.6 | 23 354
10 GdM Cs 1 L ND adult 2 100 0 0
11 GdM Cs 1 ND ND adult 31 93.9 2 6.1
22 GdM Mils 1 R ND adult 2 18.2 9 81.8
23 GdM Mils 1 R ND adult 19 100 0 0
24 GdM M2i 1 L ND adult 17 100 0 0
7 GdA Mls | 1 R ND adult 10 100 0 0
N % N %
SUB TOTAL | 232 83.5 | 46 16.5
Group 2

. young
8 TDT | Mli ! L M adult 14 933 | 1 6.7

. young
? DT | Mli ! L F adult 0 ol 6 100

. middle
12 T | G ! R M adult 1 83| 11 91.7
13 TDT M3i 1 R F old adult 33 97.1 1 2.9
14 TDT Pi 1 R F old adult 2 66.7 1 333

. young
13 DT | M2i ! L M adult 5 556 | 4 44.4




middle
16 TDT | P2s I L F adult 17 100 | 0 0
. young
17 TDT | Mli ! R M adult 99 99.9 | 1 1
N % N %
SUB TOTAL | 171 87.2 | 25 12.8
Group 3
5 IpB | M2i 1 R M adult 20 100 0 0
6 IpB | M3i 1 L F adult 14 100 | 0 0
18 IpB | Mli 1 L ND adult 25 100 | 0 0
19 IpB | M2i 1 R F adult 2 1821 9 81.8
20 pB | 1l 1 L M adult 19 100 | 0 0
21 IpB | Pli 1 R F adult 17 100 | 0 0
N % N %
SUB TOTAL | 97 915] 9 85
N % N %
TOTAL | 500 86.2 | 80 13.8

Table 5. Frequency of scratches and pits per tooth and per group 1, 2, 3 (ND= not determined. Site abbreviations were specified in the chapter 1).

In order to point out differences depending on different environments, Chi-square test was used to
compare scratches and pits frequencies among the three groups (1, 2, 3). The results did not indicate
significant differences: y*=4.91, d.f=2, p= 0.0858.

The mean values of the variables (length, width and frequency) obtained per tooth are shown in the
tables below (Table 6a, b). No statistical difference resulted by the comparison among quantitative
features (scratches/pits length and width) in the total sample (Table 6a).

Mean SD H p
Number of pits 34 5.2
Number of scratches 22.5 22.5
Number of pits (%) 20.3 30.8
Number of scratches (%) 77.0 21.4
Pits length (um) 6.8 3.5 3.83 0.1474
Pits width (um) 3.1 1.5 3.25 0.1965
Scratches length (um) 36.3 11.1 1.10 0.5765
Scratches width (um) 1.8 2.6 1.95 0.3767

Table 6a. Mean values of length, width and frequency of scratches and pits per tooth in the total sample.

Group 1
Mean SD
Number of pits 4.6 7.2
Number of scratches 233 20.2
Number of pits (%) 18.1 27.2
Number of scratches (%) 81.8 27.2
Pits length(um) 6.5 2.5
Pits width (um) 2.8 1.1
Scratches length (um) 34.4 10.7
Scratches width (um) 1.7 1.2
Group 2
Mean SD
Number of pits 3.1 3.8
Number of scratches 21.3 32.9
Number of pits (%) 35.0 40.9
Number of scratches (%) 65.0 41.0

49




Pits length (um) 8.4 4.1
Pits width (um) 3.8 1.9
Scratches length (um) 38.4 12.0
Scratches width (um) 2.8 4.5
Group 3
Mean SD
Number of pits 1.7 23
Number of scratches 22.7 10.6
Number of pits (%) 4.2 5.2
Number of scratches (%) 84.9 28.2
Pits length (um) 3.7 1.0
Pits width (um) 2.4 0.4
Scratches length (um) 36.9 12.2
Scratches width (um) 1.1 0.2

Table 6b. Mean values of length, width and frequency of scratches and pits per tooth in groups from different areas (1, 2, 3).

Taking sex into consideration, the analysis was possible only in Group 2 (TDT) and Group 3 (IpB),
because of the availability of the sample. Scratches were much more frequent than pits in males and
females (Table 7) with no significant difference in occurrence between the two sexes (y = 3.05,
d.f=1, p=0.08006).

Males Females
N % N %
Scratches 158 90.3 85 83.3
Pits 17 9.7 17 16.7
Total | 175 100 102 100

Table 7. Frequency of scratches and pits in the total sample, according to the sex.

The analyses of frequency in each group showed that scratches were more present than pits in males
and pits were more frequent in females with not statistical difference in Group 2 (}>= 0.03, d.f=1,
p=0.8719), but a substantial difference in Group 3 ()*= 9.40, d.f.= 1, p= 0.0022).

| Scratches | Pits
Group 1
N % N %
Males 0 0 0 0
Females 0 0 0 0
ND 232 83.5 46 16.5
% %
TOTAL | 232 83.5 46 16.5
Group 2
N % N %
Males 119 87.5 17 12.5
Females 52 86.7 8 13.3
ND 0 0 0 0
N % N %
12.8
TOTAL | 171 87.2 25 12.8
Group 3
N % N %
Males 39 100 0 0
Females 33 78.6 9 21.4
ND 25 100 0 0
N % N %
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TOTAL | 97 | 91.5 | 9 | 8.5

Table 8. Scratches and pits frequency in each group from different areas according to sex.

Mean values of length, width and frequency of scratches and pits (obtained per tooth) according to
the sex, are shown in Tables 9 (a-b). No statistical difference resulted by comparison among
quantitative variables (Table 9a-b).

Males Females
Mean SD Mean SD U p
Number of pits 3.5 4.0 2.0 24
Number of scratches 27.2 35.8 16.9 15.2
Number of pits (%) 24.7 36.8 22.4 36.1
Number of scratches (%) 64.1 39.6 77.8 36.2
Pits length (um) 9.0 4.5 4.9 2.5 4.00 0.0758
Pits width (um) 4.2 2.2 2.5 0.4 6.00 0.1745
Scratches length (um) 40.2 16.1 37.2 5.0 14.00 0.5218
Scratches width (um) 3.1 4.9 1.1 0.2 18.00 1.0000
Table 9a. Microwear evaluation according to the sex: length, width and frequency of scratches in the total sample.
Group 2
Males Females
Mean SD Mean SD U p
Number of pits 5.3 5.1 2 2.7
Number of scratches 6.7 6.7 13 15.3
Number of pits (%) 47.6 42.5 34.1 46.5
Number of scratches (%) 52.4 42.6 66 46.5
Pits length (um) 12.0 2.5 6 2.8 2.00 0.1573
Pits width (um) 5.4 2.1 2.7 0.1 2.00 0.1536
Scratches length (um) 40.9 18.5 39.9 3.0 3.00 0.2888
Scratches width (um) 5.1 6.8 1.1 0.1 4.00 0.7071
Group 3
Males Females
Mean SD Mean SD U p
Number of pits 2.0 2.8 2 2.7
Number of scratches 22.5 3.5 22 16.5
Number of pits (%) 2.3 3.2 6.8 6.3
Number of scratches (%) 64.1 50.8 93.7 5.7
Pits length (um) 2.3 33 3.2 0.8 0.00 1.0000
Pits width (um) 1.2 1.7 2.3 0.5 0.00 1.0000
Scratches length (um) 46.1 18.8 34.6 5.8 2.00 0.5637
Scratches width (um) 1.0 0.2 1.2 0.2 1.00 0.2582

Table 9b. Microwear evaluation according to the sex: length, width and frequency of scratches and pits in Group 2, 3.

According to age classes, this estimation was possible only for individuals of Group 2. The samples
of Group 1 and 3 could only be generically defined as “adults”. In Group 2, the highest frequency of
scratches was shown in old adults and the highest frequency of pits in middle adults -the less
numerous class- (Table 10a). The Chi-square test among the three age classes (young adults, middle
adults, old adults) showed a statistical difference in scratches/pits occurrence (y*= 17.98, d.f.=2, p=
0.0001). Moreover, in order to compare these results with those obtained by stable isotopes
analysis, two age clusters were established: individuals < 35 years of age (young adults) and those >
35 years of age (middle and old adults) (Table 10b). Also in this case, the statistically significant
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difference in scratches/pits frequency between the two age groups was confirmed: = 4.31, d.f=1,
p=0.0379.

Scratches Pits
N % N %
Young adults 118 90.8 12 9.2
Middle adults 18 62.1 11 37.9
Old adults 35 94.6 2 54
N % N %
Total | 171 87.2 25 12.8

Table 10a. Scratches and pits percentages in age classes of Group 2.

Scratches Pits
N % N %
< 35 years of age 118 90.8 12 9.2
> 35 years of age 53 80.3 13 19.7
N % N %
Total | 171 87.2 25 12.8

Table 10b. Scratches and pits percentages in two age clusters of Group 2.

Mean values of length, width and frequency of scratches and pits per each tooth, according to the
age classes, are shown in Table 11 (a-b). No statistical difference resulted by comparison of
quantitative variables among the three age classes (Table 11a); while a statistical difference resulted
in scratches length by the comparison between the two clusters age-related (Table 11b).

Group 2
Young adults Middle adults Old adults
Mean SD Mean SD Mean SD H p

Number of pits 3 2.5 55 7.8 1 0

Number of scratches 29.5 46.2 9 11.3 17.5 21.9

Number of pits (%) 38.3 45.6 45.8 64.8 18.1 21.5

Number of scratches (%) 62 45.6 54.2 64.8 81.9 21.5

Pits length (um) 8.4 4.6 12.2 0 6.3 3.8 1.88 0.3916
Pits width (um) 3.6 1.6 7.1 0 2.6 0.4 3.31 0.1907
Scratches length (um) 29.1 3.5 52.3 13.8 38.5 1.9 5.36 0.0687
Scratches width (pum) 1.2 0.3 7.0 8.4 1 0.2 0.61 0.7382

Table 11. Microwear evaluation according to the age classes: length, width and frequency of scratches and pits in Group 2.

Group 2
Young adults (< 35 years of age) Adults (> 35 years of age)
Mean SD Mean SD U | p
Number of pits 3.0 2.5 33 5.2
Number of scratches 29.3 46.2 13.3 15.1
Number of pits (%) 38.0 45.6 32.0 42.5
Number of scratches (%) 62.0 45.6 68.0 42.6
Pits length (um) 8.4 4.6 8.2 4.3 5.00 0.7236
Pits width (um) 3.6 1.6 4.1 2.6 5.50 0.8596
Scratches length (um) 29.1 3.5 454 11.3 0.00 0.0338
Scratches width (pum) 1.2 0.3 4.0 6.0 5.50 0.7236

Table 11b. Microwear evaluation according to the age clusters: length, width and frequency of scratches and pits in Group 2.
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According to the side, scratches resulted more frequent on the left side and pits on the right side in
the general sample (Table 12). The differences were statistically significant (y*= 11.47, d.f=1, p=

0.0007).
Scratches Pits
N % N %
Right 251 81.2 58 18.8
Left 218 91.6 20 8.4
N % N %
Total | 469 85.7 78 14.3

Table 12. Scratches and pits percentages by side.

The following table (Table 13) shows the percentages of scratches and pits in each group. Only one
tooth (Group 1), with 31 scratches and 2 pits, was not determinable for side. Chi-square test showed

a statistical difference in scratches/pits occurrence by side in Group 2 (y*= 6.28, d.f.=1, p= 0.0122)
(scratches were more frequent on the right and pits on the left) and Group 3 (x*= 12.29, d.f=1, p=
0.0005) (scratches were more frequent on the left and pits on the right), but not in Group 1 (y=
26.62, d.f=1, p=2.4766).

| Scratches | Pits
Group 1
N Y% N %
Right 77 68.7 35 31.3
Left 124 93.2 9 6.8
N Y% N %
TOTAL | 201 82 44 18
Group 2
N Y% N %
Right 135 90.6 14 9.4
Left 36 76.6 11 23.4
N % N %
TOTAL | 171 87.2 25 12.8
Group 3
N % N %
Right 39 81.3 9 18.8
Left 58 100 0 0
N % N %
TOTAL | 97 91.5 9 8.5

Table 13. Scratches and pits percentages in each group.

Mean values of length, width and frequency of scratches and pits, according to the side, are shown
in the tables below. The statistical difference of scratch length resulted by the comparison among

quantitative variables in the total sample and in Group 3 (Table 14a-b):

Right Left
Mean SD Mean SD U p
Number of pits 4.6 6.9 2.2 2.6
Number of scratches 23.6 27.8 20.4 18.0
Number of pits (%) 25.8 324 15.5 30.9
Number of scratches (%) 74.3 32.5 78.4 34.9
Pits length (um) 5.6 3.2 8.0 3.7 12.00 0.0771
Pits width (um) 3.2 1.7 3.1 1.5 24.50 0.7683
Scratches length (um) 41.2 12.8 30.8 5.8 26.00 0.0250
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| Scratches width (um) | 2.4 3.5 1.3 | 0.4 58.00 | 0.8951 |
Table 14a. Microwear evaluation according to the side: length, width and frequency of scratches and pits in the total sample.
Group 1
Right Left
Mean SD Mean SD U p
Number of pits 3.0 4.2 6.4 9.7
Number of scratches 8.8 7.6 33.2 22.8
Number of pits (%) 31.2 39.4 10.1 14.9
Number of scratches (%) 68.8 39.4 89.9 14.9
Pits length (um) 6.0 2.6 5.7 2.4 1.00 0.2482
Pits width (um) 3.8 1.5 2.0 0.2 2.00 0.5637
Scratches length (um) 42.1 13.2 28.7 53 5.00 0.2208
Scratches width (um) 2.1 1.8 1.5 0.5 10.00 1.0000
Group 2
Right Left
Mean SD Mean SD U p
Number of pits 3.5 5.0 2.8 2.8
Number of scratches 33.5 45.5 9.0 7.8
Number of pits (%) 32.2 42.3 37.8 45.7
Number of scratches (%) 67.8 42.3 62.2 45.7
Pits length (um) 7.3 4.0 9.8 4.5 3.00 0.2888
Pits width (um) 3.7 2.3 4.0 1.7 3.50 0.3768
Scratches length (um) 414 14.9 344 7.5 5.00 0.7237
Scratches width (um) 3.9 6.0 1.2 0.2 5.00 0.7237
Group 3
Right Left
Mean SD Mean SD U p
Number of pits 2.0 2.7 1.3 2.3
Number of scratches 24.0 15.4 21.3 6.4
Number of pits (%) 6.8 6.3 1.5 2.6
Number of scratches (%) 93.7 5.7 76.0 41.5
Pits length (um) 3.2 0.8 4.6 0.0 0.00 1.0000
Pits width (um) 2.3 0.5 2.5 0.0 0.00 1.0000
Scratches length (um) 45.0 12.6 29.8 3.8 0.00 0.0495
Scratches width (um) 1.1 0.2 1.1 0.1 3.00 0.5127

Table 14b. Microwear evaluation according to the side: length, width and frequency of scratches and pits in Group 1, 2, 3.

Microanalyses

Concerning chemical micro-analyses of enamel tissue, Ca and P are the elements present in all 24
specimens (100%). Fe was present in 6 of 24 specimens (25%) from two sites (GdM, TDT). The
25% of specimens (N= 24) from the same sites (GdM, TDT) contained C. CI was present only in
one specimen (4.2%, N= 24) of the sample 3 (GdM). Al was present in 8 of 24 specimens (33.3%)
from three sites (GdM, TDT, IpB). The 45.8% of the total sample (N= 24) shows the presence of Si
(GdM, IpB, TDT). Mg was present in 2 of 24 specimens (8.3%) from two sites (GdM, IpB). Na was
present in only one of 24 specimens (4.2%) from IpB site. The table below gives the detailed results

obtained (Table 15).
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Sample ID Ca P Fe C Cl Al Si Mg Na

1 P P 0 0 0 0 0
2 32.0 12.2 3.6 0 0 0 0 0 0
3 15.6 14.8 0 0 0.4 0 0 0 0
4 34.6 16.2 0 0 0 0 0 0 0
5 33.9 18.9 0 0 0 0 0 0 0
6 30.6 17.5 0 0 0 0 0 0 0
7 27.6 10.9 0 0 0 1.7 3.7 2.3 0
8 27.6 13.9 0 0 0 0 0 0 0
9 234 8.0 0 0 0 0 4.0 0 0
10 27.9 15.0 1.6 0 0 0 0 0 0
11 35.1 143 3.9 0 0 0 0 0 0
12 24.5 11.1 0 18.1 0 0.6 0.8 0 0
13 17.6 8.9 0.9 11.2 0 1.5 32 0 0
14 3.8 0 0 71.8 0 0 1.7 0 0
15 21.1 10.0 0 17.7 0 1.0 1.5 0 0
16 20.1 10.2 0.6 11.1 0 1.1 1.7 0 0
17 20.7 11.0 0 8.2 0 1.7 29 0 0
18 55.8 15.2 0 0 0 0 0 0 0
19 30.9 15.8 0 0 0 0 1.5 0 0
20 30.3 13.2 0 0 0 14 3.6 0 0
21 27.5 13.0 0 0 0 14 4.2 0.6 0.5
22 35.5 16.0 0 0 0 0 0 0 0
23 33.6 14.8 0 0 0 0 0 0 0
24 23.7 11.8 4.9 0 0 0 0 0 0
Mean 27.5 12.7 0.5 6.0 0 0.3 1 0.1 0
SD 9.71 3.9 1.2 15.5 0 0.5 14 0.4 0

Table 15. Chemical elements percentages (%) in each sample (chemical components of specimens 1, available in small quantities, were generically
indicated by the software as “P”, present).

The figures below show the chemical element’s ratios in each sample (Fig. 7) and the percentages

of specimens per each chemical element (Fig. 8).
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Fig. 7. Chemical element’s ratios in each sample.
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Fig. 8. Percentages of specimens per each chemical element (N= 24).

3.4 Discussion

Previous studies have suggested a close relationship between tooth wear and diet in various
populations because the rate of tooth wear depends on the type of food, the amount and kind of
abrasive particles contained in the food (Molnar, 1972; Bermtudez de Castro et alii, 2003; Kaifu,
2000; Kaifu, Kasai, Townsend, & Richards, 2003). In particular, occlusal microwear patterns reflect
abrasive properties of ingested foodstuff caused by fragments of bone, phytoliths and microliths,
sand, silt and clay deriving from plant roots or leaves (Pérez-Pérez et alii, 1994; Lalueza et alii,
1996; Polo Cerda et alii, 2007; Schmidt, 2010). Therefore, the dental microwear formation seems to
be strongly influenced by the amount of abrasive particles ingested with food and their intrinsic
hardness (Lalueza et alii, 1994; Giigel et alii, 2001; Lucas, 2004; Lucas, 2013). The sample
analyzed in this study showed the presence of both scratches and pits in different living
environments: inland mountain/hilly sites of Calabria (Group 1), inland hilly site of Basilicata
(Group 2) and inland plan of Apulia (Group 3). These two different dental patterns are
representative of two distinct food habits: scratches indicate a mainly vegetarian diet (that includes
highly abrasive particles), pits specify a mostly omnivorous diet (Romero and De Juan, 2012;
Romero et alii, 2013). The highest frequency of scratches in comparison to pits suggested a
predominantly abrasive diet that required shear forces in the masticatory process, as the scratches
appear on teeth when particles are dragged or sheared between opposing enamel surfaces during the
jaw movements (Smith, 1984). The high variability of the occlusal microwear patterns observed in
this sample - as well as in ancient population (Romero et alii, 2013) - probably depends on the
addition of agricultural products in human diet, which likely had a significantly higher content of
abrasive particles than foraged food. Moreover, our data demonstrated a general higher prevalence
of scratches on the left side and of pits on the right side of jaws. Considering the groups separately,
this pattern is clearly confirmed only in Group 3. Probably, this result does not indicate a specific
nutritional behavior of individuals in the group, but rather it highlights the variability of the tracks
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in relation to the consumption of abrasive agricultural products. Nutritional studies on Bronze Age
populations living in South Italy confirmed the assumption that diet was mainly based on
agricultural products rather than on animal consumption. In particular, the Middle Bronze Age
communities of Toppo d’Aguzzo and Lavello (placed in Basilicata) had a diet characterized by 60-
70% of vegetarian protein intake (Tafuri et alii, 2009).

No studies were undertaken on Southern Italian Bronze Age populations using SEM analyses;
conversely, Masotti et alii (2017) analyzed microwear patterns of the Early Bronze Age community
of Ballabio (Emilia Romagna, North Italy). Authors indicated higher percentages of scratches than
pits and suggested a diet relied on agricultural products, particularly cereals: wheat, barley and
legumes. The data on crops cultivated during the Bronze Age by the Southern communities were
provided by Fiorentino et alii (2004). The overall trend in the Southern regions showed the
cultivation of traditional cereals of “Neolithic package” (Hordeum vulgare, Triticum dicoccum,
monococcum, durum and aestivum) indicating also the emergence of new species of cereals and the
progressive increase of the olive production. In order to understand the type of crops consumed, the
archaeo-botanical records of the following sites were used as reference: Coppa Nevigata (Foggia,
Apulia), Torre Castelluccia (Taranto, Apulia) and Broglio di Trebisacce (Sibari, Calabria).
Paleobotanical data indicated the presence of different cereals: einkorn wheat (Triticum
monococcum), spelled (Triticum dicoccum), wheat (Triticum aestivum, compactum, durum), barley
(Hordeum distichum and exasticum), scarcity of millet, rye and oats were recorded. The cultivation
of legumes attested an increase of peas (Pisum sativum), faba beans (Vicia faba minor), lentils
(Lens culinaris), and grass peas (Lathyrus sativa cicera) during the Bronze Age. Wild and
cultivated fruits included acorns (Quercus sp.) and figs (Figus carica), walnut and olives. The
profuse existence of olive trees indicated a highly modified landscape for the spread of agriculture,
that was the mainly subsistence strategy (Kleibrink, 1996-1997; Vanzetti, 2000). The analyses of
percentages of crops in each site indicated that the main grain crops cultivated were wheat and
barley, with an apparent prevalence of Hordeum vulgare over Triticum monococcum (Nisbet and
Rottoli, 1997; Rottoli, 2001 Carra et alii, 2003; Fiorentino et alii, 2004; Giachi et alii, 2010; Carra,
2012).

Pits generally indicate the consumption of “hard food” (such as seeds, nuts, etc.) and the chewing of
bones deriving by the ingesting of meat or marrow. The low percentages observed in our study
suggested a secondary intake of these foods. Archaeological record shows that the general trend of
Bronze Age subsistence strategies was the prevalence of livestock compared to hunting (De Grossi
et alii, 2004). In Italy, as in Mediterranean Europe, Bronze Age economy was mainly based on the
consumption of sheep and goat for meat and dairy products (Arrighi et alii, 2007; De Grossi
Mazzorin, 2013; Maini and Curci, 2013), although the evidence for animal exploitation was
extremely variable (Harding, Fokkes, 2013). In fact, the animal economy showed a diversification
in frequency at the regional level and sometimes even more locally, according to geography,
environment and cultural models (Riedel, 1996; Battisti and Marconi, 2004). As in Northern Italian
sites of Ledro (Bietti Sestieri, 2011) and Fiave (Perini, 1987), the prevalence of sheep and goats
among the domestic species was recorded also in Southern settlements, with an increase during the
Late Bronze Age (De Grossi Mazzorin, 2013; Maini and Curci, 2013). In particular, Broglio di
Trebisacce site (Calabria) was upward of sheep and goat of 42% (Tagliacozzo, 1994). At Coppa
Nevigata (Apulia), sheep and goat intensified from 36.6% to 43.8% during the latest period of the
Bronze Age (Bokonyi and Siracusano, 1987; Bietti Sestieri, 2011). Unlike livestock, hunting was
generally poor during the Ancient and Middle Bronze Age as shown in the Broglio di Trebisacce
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site, where wild species were completely absent (Tagliacozzo, 1994; De Grossi Mazzorin, 1987; De
Grossi Mazzorin et alii, 2004).

Our data did not show significant differences according to the type of microwear (scratches/pits)
among the three Groups. Cautiously, given the sample size, we can suggest that Bronze Age
communities living in Southern Italy had the same diet system. It is, however, to point out that this
result partially confirms those obtained from the analysis of stable isotopes on a larger sample. They
indicated a common nutritional behavior for humans of the three groups: a terrestrial diet based on
agricultural products with moderate consumption of animal protein that was slight higher for
communities of Group 2. Conversely, Middle Bronze Age communities of Central Italy looked to
have a diet characterized by three different food habits (Varalli et alii, 2016a). In particular, humans
of Grotta dello Scoglietto (Tuscany) had a high-protein diet, and a probable consumption of
marine/freshwater food was proposed for them. Community of Falcetone (Latium) had a diet
mainly based on plant proteins. Humans of Grotta Misa (Latium) showed less animal protein intake
and a probable consumption of different crops than Southern Italy, such as millet (Varalli et alii,
2016a). This difference between Northern and Southern Italy can be also explained by cultural
reasons, mirrored in food practices: Early/Middle Bronze Age diet in Central and Northern Italy
was influenced by relationships with Northwestern Europe (Varalli et alii, 2016a-b; Bietti Sestieri,
2011). Instead, Southern communities were characterized by intense trade with the Mycenaean
Greek culture (Vagnetti, 1982; Marazzi, Tusa and Vagnetti, 1986; Laffineur and Greco, 2005;
Guglielmino, 2005; Bietti Sestieri, 2011). Studies on the diet of the Mycenaean sites of Greece, in
particular the site of Pylos (Messenia - Southwestern Peloponnese), pointed out a terrestrial diet,
charachterized by cereals that would have provided the largest amount of carbohydrates; legumes as
primary source of plant protein and domesticated animals (and their secondary products) supplied
the majority of animal protein. Marine resource consumption was minimal: fish was notably absent
in Mycenaean diet, even in coastal sites; hunting had not an important contribution to subsistence
(Cosmopoulos et alii, 2003; Kotjabopoulou et alii, 2003 Schepartz et alii, 2011).

Even though social differences (gender related) were evident in the archaeological assemblages
found in the graves or in good graves of Southern Bronze Age sites (i.e. Toppo d’Aguzzo and
Ipogeo dei Bronzi), such complexity did not occur in terms of dietary intake in skeletal remains
from Basilicata (Group 2), in contrast to those from Apulia (Group 3). However, this difference can
be influenced by the sample size and should therefore be considered with caution. In fact, it
contrasts with results obtained by isotopic analysis on bone specimens from Ipogeo dei Bronzi
(Group 3), indicating no difference in diet between males and females. The comparison between
age classes was performed only for skeletal remains from Toppo d’Aguzzo site (Group 2), as a poor
preservation state of specimens did not allow to estimate the age at death of individuals from other
sites. Results pointed out a significant difference in the frequencies of scratches and pits between
the age classes. In particular, the microwear’ patterns were less developed in middle adults and old
adults (> 35 years of age) than in young adults (< 35 years of age). This difference, not confirmed
by the stable isotope analysis, could be explained by the effects of the increasing wear with age, that
could have erased any signs of microwear. The results of microwear analysis, therefore, did not
allow us to clearly delineate differences in feeding behavior with age and sex in the examined
samples. Although scratches were less present in the oldest individuals, the evaluation of
quantitative variables (length and width) showed that scratches were longer in middle and old adults
(> 35 years of age) than in young adults (<35 years of age). This result could depend on a longer
chewing due to ante mortem tooth loss and arthrosis of the jaw, typical of this age. Although they
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were more present on the left side, scratches length was higher on the right side than the left side.
This result confirms the high variability of the tracks in relation to the consumption of agricultural
products.

The Analysis of Chemical Elements performed with SEM on the tooth samples could give
information about the presence of food contaminants caused by the use of metallic tableware. As
expected, data indicate that Ca and P were the elements mainly present in enamel tissues, followed
by Fe, Al, Si and C. The Fe element was mostly present in Grotta della Monaca specimens,
probably because the nature of soil. This cave was rich in iron oxides, in particular goethite and
hematite, which were ubiquitously in the sediment where skeletal remains laid (Dimiuccio et alii,
2005; Larocca, 2005) (Fig. 9). Si was present in GdM and IpB specimens and Al on GdM, TDT and
IpB tooth surfaces as concretions of clay soils contain these elements (Fig. 10). Carbon (C) was
present in GdM and TDT remains as calcareous concretions: in particular, one specimen (ID: 14
from Toppo d’Aguzzo presented the highest percentages of limestone (Fig. 11). We therefore
suppose that the presence of these elements could depend on soil concretions remaining on tooth
surfaces even after cleaning, rather than food contaminants.

In conclusion, the examination of dental microwear on human teeth from Southern Italian Bronze
Age sites confirms the stable isotopes results; at the same time, it allowed us to quantify the food
intake: Bronze Age diet looked richer in vegetarian foodstuffs (mostly fibrous foods) than animal
products, suggesting the large consumption of agricultural crops. No clear diversity in feeding
behavior resulted among communities or between sexes and ages. Our findings on dietary patterns,
expanding the current knowledge to Southern Italy, complete the framework for the Italian Bronze
Age and may be of great importance for diachronic comparisons both in Italy and in Europe.
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Fig. 9. Concretions of iron oxides (goethite and hematite) on the teeth of Grotta della Monaca.
Fig. 10. Clay concretions on the tooth occlusal surfaces of Ipogeo dei Bronzi.

0 1cm

Fig. 11. Sample 14 (right mandibular premolar) with calcareous concretions on the occlusal surface.
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CHAPTER 4: MULTIPLE APPROACH FOR DIET’S RECONSTRUCTION.
THE CASE-STUDY OF GROTTA DELLA MONACA (CALABRIA)

4.1 Introduction

Information regarding the nutritional behavior of ancient populations may be gleaned to traditional
anthropological analysis of teeth or from stable isotopes.

Dento-alveolar features are useful to obtain information about diet of past populations, as
highlighted by many researchers (Hillson 1986, 1996, 2001; Kelley and Larsen, 1991; Buikstra and
Ubelaker, 1994). The alterations of tooth surfaces (caries, calculus, wear, chipping) are particularly
significant of the diet of individuals examined, as demonstrated since the early 1900s when
different studies were performed to point out the relationship between these patterns and diet, in
particular:

* caries (Mummery, 1870; Colyer, 1922; Leigh, 1925; Stewart, 1931; Goldstein, 1948;
Brothwell, 1959; Hardwick, 1960; Brinch and Moller Christiansen, 1949; Lunt, 1974; Moore
and Corbett 1971, 1973, 1975; Corbett and Moore, 1976; Buikstra, 1977; Turner, 1979;
Manchester, 1983; Milner, 1984; Powell, 1985; Lukacs, 1989; Larsen et alii, 1991);

» wear (Nicholls, 1914; Campbell, 1925; Leigh, 1925, Rabkin, 1943; Pedersen, 1949; Smith,
1984);

» calculus (Baaregaard, 1949; Hughes, 1963; Koritzer, 1968; Harris and Ponitz, 1980;
Strouhal, 1983; Leek, 1986; Caselitz, 1986; Ibrahim, 1987; Davis and Janssen, 1991;
Lukacs, 1992; Littleton and Frohlich, 1993; Lalueza et alii, 1996);

* chipping (Turner and Cadien, 1969; Lukacs and Hemphill, 1990; Bonfiglioli et alii, 2004;
Belcastro et alii, 2007);

Caries 1s a process characterized by focal, irreversible and progressive demineralization of dental
hard tissue. It is the result of fermentation of dietary carbohydrates especially sugars by the oral
bacteria in dental plaque (Hillson, 1986; Larsen, 1997; Caselitz, 1998; Hillson, 2001). As Powell
(1985) affirmed, different factors are involved in the etiology of caries: environmental factors
(minerals in food and water), exogenous factors (chemical composition, texture, methods of
preparation of foods or oral hygiene) and endogenous factors (morphology of the tooth, bacteria in
the oral cavity, enamel integrity, saliva flow rate and chemical composition). Therefore, dental
caries is a complex multifactorial disease caused by the interaction between the presence of
cariogenic microorganisms and a suitable oral environment (Patterson, 1984). Calculus 1is
mineralized plaque accumulated on the tooth surface, especially near the salivary gland ducts
(lingual surfaces of the anterior lower teeth and buccal surfaces of the upper molars) (Hillson,
1986). The consumption of high-protein foods increases alkalinity in the mouth favoring
precipitation of minerals in the oral fluids. However, the beginning of mineralization is related to
the amount of plaque (the microorganisms in dental plaque destroy the inhibitors of mineralization),
and to factors that increase its accumulation, such as poor oral hygiene and the consumption of
carbohydrates (Sheie et alii, 1989; Hillson, 1996). Therefore, a diet rich in carbohydrates facilitates
a plaque accumulation and leads to the development of caries and calculus (Hillson, 1996). Dental
wear 1s a physiological process that removes the occlusal enamel, damaging the primary dentin
(Smith and Knight, 1984; Larsen, 1997). Sometimes, a heavy wear causes the deposition of
secondary dentin that protects the pulp chamber, but when the wear is faster than the deposition, the
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pulp chamber will be exposed. Wear can provide information about dietary behavior because of its
association with the consumption of hard fibrous foods or the use of processing techniques that
introduce abrasive elements into the food, like powder from grinding stones (Larsen, 1997). It is
necessary take into account that there is a negative correlation between caries and the degree of
wear (Powell, 1985; Maat and Vand der Velt, 1987). In effect wear gradually smooths the occlusal
cusps, eliminating fissures and pits on the crown and reducing the presence of cariogenic substances
on the tooth. Dental wear also provides information about activities related to non-masticatory tooth
use (Turner and Cheuiche Machado, 1983; Larsen, 1985; Lucaks and Pastor, 1988; Milner and
Larsen, 1991; Alt and Pilcher, 1998; Belcastro et alii, 2001; Bonfiglioli et alii, 2004). For this
reason, it is important to observe the futures of the wear traces that, when they are characterized by
a specific morphology, can be referred to extra-masticatory activities. Chipping is an ante mortem
irregular crack involving the enamel or enamel and dentin. It can be on the buccal, lingual,
interproximal edge or on the crest of the tooth. Chipping provides information about both
masticatory and non-masticatory activities (Milner and Larsen, 1991). In addition to the “direct”
indicators of paleo-nutrition, it was observed hypoplasia of the tooth enamel, which is an “indirect”
indicator of diet. The hypoplasia, in fact, is a marker of stress that may depend, among various
causes, on the diet. Hypoplasia of tooth enamel occurs during the development of the tooth, caused
by disorders that stop ameloblastic activity and it persists because the enamel is not remodeled after
its formation (Sarnat and Shour, 1989). Enamel hypoplasia depends on the following main
etiological factors: hereditary anomalies (involving the whole crown at birth), local trauma (on a
single tooth or on adjacent teeth) and metabolic stress (Pindborg, 1970; Winter and Brook, 1975).
This last etiological factor may be the result of malnutrition and infectious diseases during
childhood that decrease the individual’s immune defenses (Solomons and Keush, 1981). Goodman
and Rose affirmed that the dietary intake is decisive for the onset of hypoplastic defect (Goodman
and Rose, 1991). The first research on hypoplasia dated back to the end of 1900s (Blakey and
Armelagos, 1985; Duray, 1996; Goodman and Armelagos, 1988; Rose et alii, 1978; Simpson et alii,
1990; Ensor and Irish, 1995; Stodder, 1997). Since then several studies have been conducted on this
pathological marker. Some of them introduced regression equations and formulas that used the
position of enamel hypoplasia on tooth surfaces to estimate the age of onset of this defect (Blakey
and Armelagos, 1985; Ensor and Irish, 1995; Goodman et alii, 1980, 1984, 1987; Lanphear, 1990;
Rose et alii, 1985; Saunders and Keenleyside, 1999).

Concerning the Italian Bronze Age, although there are several studies that analyze the macroscopic
tooth markers diet-related (such as the most recent Varalli et alii, 2016b and Masotti et alii, 2017),
few compendia are recorded in literature. The only synthesis performed on macroscopic tooth
markers was carried out by Minozzi et alii (1994). This study analyzed different Bronze Age sites:
Franzine Nuove (Veneto), Grotta dello Scoglietto (Tuscany), Grotta Vecchi (Latium) in Central-
Northen Italy; Toppo d’Aguzzo (Basilicata), Madonna di Loreto (Apulia), Marcita and Ponte della
Paolina (Sicily) in Southern Italy. On the basis of dental markers, authors highlighted low incidence
of stress and malnutrition. This result could be explained with the technological improvements in
the economic system that characterized the Bronze Age communities, in particular, the increasing
agriculture (Minozzi et alii, 1994). The intensification of farming mirrored even in food habits: the
high rate of wear on the occlusal surfaces showed a more vegetarian diet, linked to the consumption
of fibrous foods, cereals and legumes (Varalli ef alii, 2016b; Masotti et alii, 2017).

As shown above, little data are available for the Bronze Age of Southern Italy. Grotta della Monaca
(GdM) is a karstic cave placed in the North-western Calabria (Sant’ Agata di Esaro - CS). This site
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was a hypogeal burial ground during the Middle Bronze Age, around the half of the II millennium
BC (cfr. Chapter 1). This interesting necropolis was chosen as case-study in order to analyze the
dietary behavior of Southern Italian Bronze Age population by different approaches. The size of the
tooth sample allowed to carry out the examination of macroscopic diet-related markers observable
on dental surfaces. In addition, the analysis of stable isotopes on bone collagen extracts, as well as
the investigation of microwear on enamel of teeth were performed. Carbon and nitrogen stable
isotope analysis of skeletal remains can give explanation of diet of ancient populations, indicating
differences with regard to age, sex, social status, geographic landscape, as shown in Chapter 2. This
approach is based on the principle that the isotopic composition of body tissue reflects the diet of
the individual (Cheung et alii, 2012). In fact, as mentioned previously, the analysis of the stable
isotopes of carbon (3'°C) and nitrogen (8'°N) is useful to specify the proteins assumed by
individuals during their life and the environment of origin of resources consumed (Mannino, 2009).
The stable isotopes allow to determine whether the proteins derived from a vegetarian diet or from
animal foodstuffs, specifying the type of protein: C3 plants (such as barley, wheat, legumes) or Cs4
plants (such as millet and sorghum), carnivores or herbivores (meat and dairy products) (De Niro
and Epstein 1978, 1981). In addition, stable isotopes give information on the origin of foods
(terrestrial or marine/freshwater) (Schoeninger and De Niro, 1984). Furthermore, the microwear of
teeth surface is useful to investigate the rate of abrasive particles assumed during the chewing
(Molnar, 1972; Bermudez de Castro et alii, 2003; Kaifu, 2000; Kaifu, Kasai, Townsend and
Richards, 2003) and the type of diet followed during the life of individuals examined. In particular,
pits result from compression of food particles on the tooth surface during the chewing and indicate
the consumption of hard foods typical of an omnivorous diet; scratches originate when abrasive
particles are dragged between opposite tooth surfaces and indicate the consumption of soft food,
recurring in a mostly vegetarian diet (Butler, 1952; Walker et alii, 1978; Ryan, 1979; Maas, 1994;
Schmidt, 2010).

The purpose of this study was to investigate the nutritional behavior of Grotta della Monaca
community and, at the same time, we wanted to point out the limits and the advantages of the
different methods applied in diet’s reconstruction. Moreover, our data aimed to enrich the
information regarding nutritional indicators (macroscopic, microscopic and chemical markers) of
the Southern Italian populations.
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4.2 Materials and methods

As mentioned above, Grotta della Monaca sample was analyzed by three different approaches:
macroscopic analysis of diet indicators on tooth surfaces, dental microscopic analysis (microwear),
stable isotopes analysis of bone collagen extracts. In the following section, the methods used for
macroscopic examination will be indicate; those used for the other two analyses have been
previously reported in detail (Chapters 2 and 3).

Analysis of macroscopic diet-related indicators
This analysis was carried out on 351 permanent teeth belonging to the burial areas of Grotta della
Monaca (Table 1, 2).

Macxillary Mandibular ND Right Left ND Isolated Not isolated
N % N % N % | N % N % N % | N % N %
207 59 141 40.2 3 09 | 148 [ 422 | 171 | 48.7 | 32 | 9.1 | 290 | 82.6 61 17.4
Table 1. Grotta della Monaca sample composition by anatomical part, side and status (N=351).
Tooth type
N % n=175
Iu 1 1.3
11 42 56
12 32 43
N % n= 351
Total incisors | 75 21.4
N % n=57
C 57 100
N % n=351
Total canines | 57 16.2
N % n= 80
Pu 1 1.3
P1 32 40
P2 47 58.8
N % n= 351
Total premolars | 80 22.8
N % n= 139
Mu 1 0.7
M1 62 44.6
M2 41 29.5
M3 35 25.2
N % n= 351
Total molars | 139 39.6

Table 2. Grotta della Monaca sample composition by tooth type (Iu= undeterminable incisors; Pu= indeterminable premolars; Mu= undeterminable
molars).

Although the sample consisted of teeth in situ (in alveolar bone), in addition to isolated teeth, it was
not possible to determine the sex and specify the age at death of individuals because of the lack of
diagnostic anatomical parts for this analysis. The Minimum Number of Individuals (MNI) was
calculated on molars because of they were more present than the other teeth (40%, N= 351). In
particular, among 62 M1 (35 maxillary and 27 mandibular; 19 right maxillary and 14 left
maxillary), the right maxillary M1 was chosen as representative of MNI.

According to Belcastro et alii (2004), we considered the following nutritional indicators: caries,
calculus, wear, chipping and hypoplastic defect.
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Information was gathered on the tooth status distinguishing its presence and state of preservation, as
follow: completely erupted tooth included in the alveolus (P); isolated and complete tooth (when the
alveolus was not preserved) (I); post mortem tooth loss (X); non recordable (tooth or alveolus
damaged) (9).

Caries were recognized according to Powell (1985) remark: “only those cavities that would admit
the tip of a dental explorer were scored as actual caries, to eliminate false scoring of discolored but
intact enamel” (Powell 1981). They were classified following Belcastro et alii (2004):

1. on the basis of their severity as non-penetrating (involving only the enamel); penetrating
(involving the enamel and dentin); destructive (if the tooth crown was destroyed and it was
not possible to identify the location of the lesion);

2. on the basis of their /ocation (occlusal, coronal, cervical, radical) and position (buccal,
lingual, interproximal mesial, interproximal distal):

In order to record these lesions, specific codes were used that took into account the absence and all
the possible combinations of categories (severity, location, position). The codes used in this study
are the following:

1: penetrating occlusal caries (Fig. 1-A)

2: penetrating coronal/lingual caries

3: penetrating coronal/buccal caries

4: penetrating coronal/ inter proximal-mesial caries

5: penetrating coronal/ inter proximal-distal caries

8: penetrating cervical/ inter proximal-mesial caries

15: non penetrating occlusal caries (Fig. 1-B)

16: non penetrating coronal/lingual caries

17: non penetrating coronal/buccal caries

28: destructive caries (Fig. 2)

The undetermined condition has to be recorded when the tooth was post mortem damaged, in the
case of heavy wear and for any reason that made impossible to record the lesion. In case of multiple
caries on the same tooth all the caries were recorded in the same cell of Excel listing, according to
the following remarks (Belcastro et alii, 2004):
* more caries of the same severity, location and position: they were recorded as present only
once;
» caries of different severity in the same location and position: only the penetrating one was
recorded;
» same severity in different locations and positions and different severity in different locations
and positions: all caries had to be recorded;
« when the pulp chamber was exposed as a result of caries or severe wear, it must be indicated
in the caries and wear rows by a symbol (*).
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Fig. 1. On the left, occlusal penetrating caries (A) and occlusal non penetrating caries (B) (foto by Belcastro, 2004).
Fig 2. On the right, destructive caries (foto by Belcastro, 2004).

Calculus was scored according to Brothwell’s scale of gravity (Brothwell, 1981), as follow: absent
(0), low deposition (1), moderate deposition (2), severe deposition (3), non-recordable (9). When
calculus covered entirely or almost all the surfaces of the tooth, it was recorded as 4 (Belcastro et
alii, 2004) (Fig. 3, 4).
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Fig. 3. On the left, the degrees of calculus (stages 1-3), according to Brothwell (1981).
Fig. 4. On the right, the degree of calculus: stage 4, according to Belcastro et alii (2004).

Dental wear was recorded for each tooth in terms of occurrence and location (anterior or posterior;
maxillary or mandibular; right or left). The level of wear was determined by Smith’s eight-grade
scale system for anterior teeth and premolars (Smith, 1984). The non-recordable condition was
scored as 9 (Fig. 5).
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Fig. 5. Stages of wear (1-8), according to Smith (1984).

Hypoplastic defects appear as pits and grooves on the tooth, more frequently found on the buccal
surface. Hypoplasia was recorded as follow according to the Fédération Dentaire Internationale
(1982, 1992) standard: 1- enamel opacities colored white or cream; 2- enamel opacities colored
yellow or brown; 3- pits (enamel pitting); 4 - horizontal grooves (linear enamel hypoplasia: LEH); 5
- vertical grooves; 6 - missing enamel; 9 - not recordable (Fig. 6). Goodman and Rose (1990)
regression equation has been used to calculate the age of onset of hypoplastic defects. These
Authors suggested to select maxillary first incisor (I1) and mandibular canine (C), because of they
are more predictive than other teeth (Goodman and Rose, 1990).

0 o025 05cm 0 0,5 l1cm
[ B [

Fig. 6. Type 3 (A) and 4 (B) of hypoplasia (Arena et alii, 2014).

Chipping was classified according to Bonfiglioli standard (2002, 2004). The method proposed
three-degree scale of gravity: 1= slight crack or fracture (0.5 mm), or larger but superficial enamel
flake loss; 2= square irregular lesion (1mm) with the enamel more deeply involved; 3= crack (>1
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mm) involving enamel and dentine or large fracture -very irregular in shape - that could destroy the
tooth (Fig. 7, 8). The chipping was recorded in relation to the position (buccal - B, lingual - L,
interproximal mesial - M, interproximal distal - D) and grade (0, 1, 2, 3). The non-recordable
condition (9) was indicated when the tooth was post mortem damaged, in the case of heavy wear
and for any reason that made impossible to record the trait (Belcastro et alii, 2004). In this case, the
position of the damage was recorded in the notes. In case of multiple chipping on the same tooth, all
them were recorded in the same cell, as follow:

» more chipping of the same degree in the same position was recorded as present only once;

* in case of chipping of different degrees in the same position, only the highest grade was
recorded;

* in case of the same degree in different positions and different grades in different positions,
all conditions were recorded;

* in order to encoding, the degree (1/2/3) preceded the position.

Fig. 7. Degree of chupping (stage 1), according to Bonfiglioli et alii (2004).
Fig. 8. Degree of chupping (stage 3), according to Bonfiglioli et alii (2004).

Analysis of microscopic diet-related indicators (microwear)

The samples selected in order to analyze dental microwear consisted of 9 isolated permanent teeth.
The specimens were selected on the basis of both a good state of preservation and the degree of
macrowear, selecting the teeth with slight degree of wear: stage 3, according to Smith (1984). The
selected teeth were all isolated, therefore it was not possible to determine the sex and age at death of
individuals to which they belonged. Anyway, in order to select teeth belonging to different
individuals, they were sampled in different areas of the site and, when they were from the same
archaeological contest, the same tooth was sampled (Table 3).

The identification of the microwear patterns diet-related on tooth surfaces was carried out using the
Scanning Electron Microscope (SEM). This method has been described previously in Chapter 3.
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Sample ID | Site Archaeological contest Tooth type I Side
1 GdM GdM /CTv/m5v/C/1v2/tg1/08 M2i 1 L
2 GdM GdM /CTv/B/Z2/03 Mls 1 R
3 GdM GdM/CTv S7/sC/D4I -12-23/08 M2i 1 L
4 GdM GdM/CTsx.i/cap 12-13/00 M2s 1 R
10 GdM GdM /Ctv/m5v/S/tg2/08 Cs 1 L
11 GdM GdM /Ctv/m5v/S/tg2/08 Cs 1 ND
22 GdM GdM/CTdx-fv/Z3 (d) '02 Mls 1
23 GdM GdM/Ctdx-tv/D12/'03 Mls 1
24 GdM GdM/CTdx-fv/D11 M2i 1

Table 3. The samples selected for SEM analyses (i: inferior; s: superior; R: right; L: left; ND: not determinable).

Stable isotopes analysis
In total, we analyzed human bone collagen specimens from 7 individuals and 1 faunal specimen
(Sus scrofa). The table below shows the specimens selected for pretreatment (Table 4):

Sample ID | Species Archaeological contest Bone Anatomical part Side
GdMO02 human GdM/CTv/m5v/Sitg 1,2,3 Cranial bone occipital bone ND
GdM04 human GdM/CTv/m5v/S/tgl/ Cranial bone occipital bone ND
GdMO06 human GdM/CT dx-fv/Z3 Radius diaphysis L
GdMO09 human GdM/CT dx-fv/Z4 3° Metatarsal diaphysis R
GdM10 human GdM/CT dx-fv/Z6 Metatarsal phalanx diaphysis ND
GdM11 human GdM/CT dx-fv/Z6 3° Metatarsal diaphysis L
GdM12 Sus scrofa | GAM/Pfs Humerus diaphysis R

Table 4. Bones sampled for stable isotopes analyses (R= right; L= left; ND= non determinable).

All individuals selected for stable isotope analyses were adults because of the bone turnover is
slower during the adulthood than the childhood, allowing to obtain information on a longer period
of individual’s lifetime. The age at death estimation and sex determination were carried out on
individuals sampled using traditional anthropological methods, as described in Chapter 2.

The information regarding faunal remains (species, sex and age) were obtained by literature (Bux
and Scintillani, 2005).

The bone specimens were taken from different bones, as reported in Table 4. Bone collagen was
extracted from 0.5 g of cleaned bone fragments (cortical bones), following standard procedures
described in Login (1979) method modified by Brown et alii (1988) and Jarcov et alii (2007), as
reported in detail in the Chapter 2.

4.2.1 Statistical methods

The results of macroscopic patterns diet-related and microwear analyses were expressed as means
and standard deviation for quantitative variables and as absolute frequencies and percentages for
qualitative variables. Statistical differences were tested by Chi-square test for comparison between
frequencies. Regarding stable isotope analysis, mean and standard deviation (SD) were computed to
describe the sample. Due to the sample size, the non-parametric Mann-Whitney U-test was used to
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compare means (2 items). The data were processed by Statistica for Windows, Version 11.0
(StatSoft Italia srl, Vigonza, Padua, Italy). For all statistical analyses, a significance level of p <
0.05 was used.

4.3 Results

4.3.1 Macroscopic diet-related markers

Results of the analysis of macroscopic nutritional indicators pointed out different dental markers
useful to reconstruct the diet of individuals during their life. The following table shows their
frequency in the total sample (Table 5, Fig. 9).

Wear Calculus Caries Chipping Hypoplasia
N 215 72 30 0 96
% 61.3 20.5 8.5 0 24.4
Table 5. Frequency of nutritional indicators in the total sample analyzed (N=351).
Grotta della Monaca (N=351)
M Caries Calculus Wear Chipping ® Hypoplasia
61,30%
27,40%
20,50%
8,50%
Caries Calculus Wear Chipping Hypoplasia

Fig. 9. Frequency of nutritional indicators in the total sample analyzed (N=351).

DENTAL WEAR
The more present feature on dental surfaces was the wear that affected 215 teeth on 351 (61.3%),
(Table 6, 7):

Macxillary Mandibular | ND Right Left ND Anterior | Posterior ND
N % N % N|% | N % N % N|% |[N|% [N % N %
136 | 633 |77 358 |2 |1 |8 |391 111 |51.6]20]93 86|40 111 | 51.6 | 18 | 8.4

Table 6. Frequency of wear according to the anatomical part, the side and the position (N=215) (ND= non determined).
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I I 12 C P1 P2 M M1 M2 M3

N| % |[N|[% [N|% |N|% |[N|% |N|[%| N|%|N (% [N |% |N|%

1 105|129|135|19|88(37(172|16|74|30|14|1 [05|39 |181|25]|11.6| 18|84

Table 7. Frequency of wear according to the type of teeth (N=215).

Concerning the gravity, six degree of gravity-types were recorded according to Smith, 1984 (Table
8,9; Fig 10-12):

Gravity Macxillary Mandibular Right Left Anterior Posterior

N % N % N % N % N % N %
1 25 11.6 15 7 16 7.4 24 112 |13 6 27 12.6
2 42 19.5 |21 9.8 |25 11.6 | 36 16.7 | 22 10.2 | 42 19.5
3 34 15.8 17 79 | 18 8.4 26 12.1 | 24 11.2 | 27 12.6
4 20 9.3 13 6 13 6 15 7 16 7.4 18 8.4
5 12 5.6 7 33 |7 3.3 8 3.7 7 33 12 5.6
6 3 1.4 4 2 5 2.3 2 0.9 4 2 3 1.4

Table 8. Frequency of the degree of gravity according to the anatomical part, the side and the position of teeth (N= 215).

Gravity | Tu I 12 C P1 P2 Mu M1 M2 M3
N|% |[N|% [N |% [N |[% |[N|% |[N|% [N |[% [N |% |N|% |N|%
1 0 [0 3 (1412 |109(8 |37|3 [14]6 (280 |0 6 | 285 |237 |33
2 I [05]2 |1 5 1233 14|15 (234 [(19]0 |0 5 12314 |19(4 |19
3 0 [0 6 (285 |23|13]6 3 /1418 |37(0 |0 8 |37(7 |33(1 |05
4 0 1|0 9 1422 |1 5 12313 |14]2 |1 1 [05]9 422 |1 I |05
5 0 [0 3 (1412 |1 2 |1 1 1055 (23]0 |0 3 (1412 |1 I |05
6 0 [0 I [05]2 |1 1 0510 |0 0 [0 0 [0 1 [05]0 (O 2 |1

Table 9. Frequency of the degree of gravity according to the type of teeth, N=215 (Ju= undetermined incisors; Mu=undetermined molars).
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Fig. 10. Frequency of wear (%) according to the degree of gravity (N=215).
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Fig. 11. Frequency of the gravity’s degree according to the anatomical part (maxillary/mandibular), the side (right/left) and the position
(anterior/posterior) (N= 215).
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Of 215 teeth, heavy wear (type 5 and 6) was present in 12% of teeth; intermediate wear (type 3, 4)
was present in 39.5% of teeth and slight wear (type 1, 2) was present on 48.4%. Chi-square test did
not point out differences for the incidence of the gravity-types in the sample examined (y*= 66.82;
d.f.=15; p=4.6962).
CALCULUS

The calculus was present on 72/351 teeth (20.6%). The tables below show data in detail (Table 10,

11):

Maxillary | Mandibular | ND Right Left ND Anterior | Posterior | ND

N % | N % N| % |N % |N |% |[N|% |N % | N % [N | %
35 50 |35 50 2 12828 [389 (41 |57 |3 |42]31 43 | 41 57 {0 |0

Table 10. Frequency of calculus according to the anatomical part (maxillary/mandibular), the side (right/left) and the position (anterior/posterior) (N=
72; ND= undetemined).

Tu I 12 C P1 P2 Mu M1 M2 M3
N| % [N |% [N | % N | % N|[% |[N | % N|% |N | % N | % N | %
1 (1411|153 |10 (139 |9 |125 |3 |42 |11 153 |1 |14 |11 153 |8 |11.1 |7 |97

Table 11. Frequency of calculus according to the type of teeth, N= 72 (lu= undetermined incisors; Mu= undetermined molars).

Concerning the gravity, two degree of gravity-types were recorded according to Brothwell’s scale

of gravity (Brothwell, 1981) (Table 12, 13; Fig. 13-15):
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Gravity Maxillary | Mandibular | Right Left Anterior Posterior

Degree N % N % N % N % N % N %

1 23 319 | 30 41.6 |21 29.2 | 32 444 | 23 319 | 31 43

2 12 16.7 | 5 6.9 7 9.7 |9 125 | 8 11.1 |7 9.7

Table 12. Frequency of gravity according to anatomical part, side and the position of teeth (N=72).

Gravity | Iu n 12 C P1 P2 Mu M1 M2 M3
Degree ([N | % |N | % N | % N| % [N|% [N |% N | % N|% |[N|% |N| %
1 1 ({1419 |125]|9 [125|4 |56 (|3 |41|10]139(0 |139|7 |9.7|6 |83|5 |69
2 010 2127 |1 |14 |5 (690 |0 1 |14 (1 |14 |4 |56|2 |28|2 |28

Table 13. Frequency of gravity according to type of teeth, N= 72 (Iu= undetermined incisors; Mu=undetermined molars).

Fig. 13. Frequency of the degree of gravity (N= 72).
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Fig. 14. Frequency of gravity according to the anatomical part, the side and the position of teeth (N= 72).
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Fig. 15. Frequency of gravity according to the type of teeth (N= 72).

Of 72 teeth affected, 54 teeth were degree 1-type (75%, N= 72) and 18 teeth were degree 2-type
(25%, N= 72). Chi-square test showed a different incidence between type 1 and 2 in the sample
examined (y’= 20.06; d.f.= 1; p= 0.0000).
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CARIES

Caries were present in 30/351 teeth (8.6%). Multiple caries were recognized in 3.3% of cases
(1/30): three caries type 3 were present on M3. The following table details the results obtained
(Table 14, 15):

Maxillary | Mandibular | ND Right Left ND Anterior Posterior ND
N % N % N| % |N [ % N (% N | % N % | N % N %
14 | 46.7 |13 433 3 110(14 |46.7 |11 |367 |5 |16.7 |2 6.7 |25 833 |3 10

Table 14. Frequency of caries according to the anatomical part (maxillary/mandibular), the side (left/right) and the position (anterior/posterior) (N=
30; ND= undetermined).

12 C P1 P2 M1 M2 M3
N % N % N % N % N % N % N %
1 33 1 3.3 1 33 5 16.7 |5 16.7 |7 233 |7 233

Table 15. Frequency of caries according to the type of teeth (N=30).

Different type of gravity were recorded according to Belcastro et alii 2004 (cfr. 4.2.3) (Table 16,

Fig. 16-19):
Type of caries
1 2 3 4 5 8 15 16 17 28
N 7 1 5 4 2 1 3 1 5 1
% 233 33 16.7 13.3 6.7 33 10 33 16.7 33

Table 16. Frequency of caries according to the type (N= 30).

H]l m2 m3

Fig. 16. Frequency of caries according to the type (N= 30).
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Fig. 17. On the left, frequency of caries according to the type (N=30).  Fig. 18. On the right, frequency of caries according to the position (N= 30).

M Lingual ®Buccal M Inter proximal mesial & Inter proximal distal
Fig. 19. Frequency of caries according to the side (N= 30).

Concerning gravity, three degrees were recorded following Belcastro et alii (2004): penetrating
(type 1, 2, 3, 4, 5, 8), non penetrating (type 15, 16, 17) and destructive caries (28). Penetrating
caries were present on 20 teeth (66.7%), non penetrating caries were present on 9 teeth (30%). Only
one destructive caries (3.3%) was recognized. In order to compare data using statistical tests, these
sub-samples were grouped in two clusters, according to the gravity:

1. penetrating caries and destructive caries (N= 21 teeth)

2. non penetrating caries (N= 9 teeth)
Chi-square test showed a statistical difference: y>=5.01; d.f.= 1; p= 0.0251.
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LINEAR ENAMEL HYPOPLASIA
The hypoplastic defect was recordable on 96 teeth/351 (27.4%). The following tables show the

distribution according to anatomical part (maxilla/mandibula), side (right/left), anatomical position

(anterior/posterior) (Table 17, 18; Fig. 20, 21):

Maxillary | Mandibular | ND Right Left ND Anterior Posterior ND
N % N % N| % | N % N % |[N|% |N % | N % N %
52 | 542 144 [458 |0 |0 |33 344 |58 604 |5 52|37 385159 61510 0

Table 17. Frequency of hypoplasia according to the anatomical part (maxillary/mandibular), the side (right/left) and the position (anterior/posterior)

(N=96; ND= undetermined).

11 12 C P1 P2 M1 M2 M3
N % | N % |N % |N % |N % | N % |N % |N %
8 83 |6 625123 124 |8 83 |17 17.7 1 11 11.5 ] 11 115112 12.5

Table 18. Frequency of hypoplasia according to the type of teeth (N= 96).

Two types of hypoplasia were detected according to the Fédération Dentaire Internationale method
(1959, 1992) standard: type 3 (PITS) and 4 (LEH). LEH was recordable on 93 teeth (96.9%) and

pits on 3 teeth (3.1%). It was not possible to use statistical test to compare type 3 and 4 for the
discrepancy between the two types (Fig. 13).
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Fig. 20. Frequency of hypoplasia according to the anatomical part (maxillary/mandibular), the side (right/left) and the position (anterior/posterior)

(N=96).

Fig. 21. Frequency of hypoplasia according to the type of defect (N= 96).

In order to define the age of onset of hypoplastic defect, Goodmann and Rose (1980) equation was
calculated on mandibular canines and maxillary I1. The age of onset of hypoplastic defect was 3.8 +

1.3 years.
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4.3.2 Microwear analysis

Of 268 markers observed by SEM, 222 were scratches (82.8%) and 46 were pits (17.2%) (Table
19). According to the type of teeth, 189 scratches (89.2%, N=222) were on molars and 33 scratches
(14.9%, N= 222) on canines; 44 pits (8.7%, N= 46) were on molars and 2 were on canines (4.4%,
N=46). With reference to anatomical part, 122 scratches were mandibular (55%, N= 222) and 100
were maxillary (45.1%, N= 222); 9 pits were mandibular (19.6%, N= 46) and 37 (80.4%, N= 46)
were maxillary. According to the side, 124 were left scratches (55.9%; N=222), 67 were right
scratches (30.2%, N= 222), 31 were ND for side (20%, N= 222); 9 were left pits (20%, N= 46), 35
were right pits (76.1%, N=46) and 2 were ND for side (4.4%, N=46) (Fig. 22, 23).

Sample ID Site | Teeth Side Sex Age class Scratches Pits
1 GdM | M2i 1 L ND adult 55 7
2 GdM | Mls 1 R ND adult 4 3
3 GdM | M2i 1 L ND adult 50 2
4 GdM | M2s 1 R ND adult 42 23
10 GdM Cs 1 L ND adult 2 0
11 GdM Cs 1 ND ND adult 31 2

22 GdM | Mls 1 R ND adult 2 9
23 GdM | Mls 1 R ND adult 19 0
24 GdM | M2i 1 L ND adult 17 0
SUB TOTAL 222 46
TOTAL 268

Table 19. Scratches and pits in the total sample (i: inferior; s: superior; R: right; L: left; ND: non determinable)

GdM

B Scratches M Pits

Fig. 22. The frequency of the scratches and pits in the total sample (N=268).
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Fig. 23. The frequency of the scratches and pits according to the type of teeth, the anatomical part and the side (N scratches= 222; N pits= 46).

The following table shows length, width and frequency mean values of scratches and pits recorded

in GAM sample (Table 20):

GdM

Mean SD
Number of pits 5.11 7.42
Number of scratches 24.78 20.80
Number of pits (%) 20.14 28.09
Number of scratches (%) 79.86 28.09
Pits length (um) 6.49 2.47
Pits width (um) 2.76 1.14
Scratches length (um) 31.65 6.51
Scratches width (um) 1.72 1.22

Table 20. Microwear evaluation: length, width and frequency of scratches and pits in Grotta della Monaca.

The microanalyses of chemical elements on dental enamel shows that Ca and P were present in the
all the specimens (100%), Fe was present in 4 specimens (44.4%, N= 9), Cl was present in one

specimen (11.1%, N=9) (Table 21).

Sample ID Ca P Fe Cl

1 P P P 0

2 31.97 12.2 3.57 0

3 15.6 14.82 0 0.37

4 34.64 16.24 0 0

10 27.93 15 1.61 0

11 35.12 14.28 3.86 0

22 35.53 16.04 0 0

23 33.55 14.84 0 0

24 23.72 11.84 4.86 0
Mean 29.76 14.41 1.74 0.04
SD 7.02 1.61 2.06 0.12

Table 21. Chemical elements percentages in the total sample (N=9). The software did not elaborate percentages of chemical components in sample

1, but the chemical elements that were present by the spectrum were generically indicated as “P” (present).
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According to elaborations performed by a computerized microanalysis system (Link ISIS) for each
specimen, the chemical element’s ratios in each specimen are shown in figure 24. The figure 25
shows the percentages of teeth per each chemical element.
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Fig. 24. Chemical element’s ratios in each sample.
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Fig. 25. Percentages of teeth per each chemical element (N=9).
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4.3.3 Stable isotopes analysis

With regard to chemical investigations, the table below shows the specimens selected for
pretreatment and the biological profile of individuals to which they belong (Table 22):

Sample . . Archaeological Anatomical

D Species Site contest Bone part Sex Age class
GdMO02 | human GdM ?gl\;[/CTv/mSV/S/tg Cranial bone occipital bone young adult
GdM04 | human GdM | GAM/CTv/m5v/S/tgl | Cranial bone occipital bone young adult
GdM06 | human GdM | GAM/CT dx-fv/Z3 Radius diaphysis ND adult
GdM09 | human GdM | GAM/CT dx-fv/Z4 3° Metatarsal diaphysis ND adult
GdMm1o | human GdM | GAM/CT dx-fv/Z6 ﬁiﬁ‘i‘fal diaphysis ND | adult
GdM11 | human GdM | GAM/CT dx-fv/Z6 3° Metatarsal diaphysis ND adult
GdM12 | Sus scrofa | GAM | GdAM/Pfs Humerus diaphysis ND young adult

Table 22. The biological profile of individuals (F= female; R= right; L= left; ND= non determinable).

Isotopes investigations were carried out on 7 bone specimens from Grotta della Monaca. Of them, 6
were human skeletal remains and 1 faunal remain (Sus scrofa). During the pretreatment the faunal
specimen (ID: GdM 12) was lost, probably because its poor state of preservation. Therefore, stable
isotopes analyses were carried out on human samples exclusively. The table below shows results

obtained (Table 23).
313Cy. C
Lab . 315N Namr 5 7. <
D S-ID Species PDB SD (%) SD (TCD SD (TDC) SD C:N SD % yield
(%o) )
28697 | GdM09 | Human | -19.67 | 0.3 | 9.46 0.45 45.48 0.01 16.33 0.01 3.249 0.01 7.3
28698 | GdM02 | Human | -19.61 0.3 | 8.98 0.45 45.08 0.01 16.27 0.01 3.232 0.01 7.1
28699 | GdM04 | Human | -20.31 | 0.14 | 7.69 0.23 43.66 | 0.007 16.09 0.007 | 3.166 0.007 5.4
28700 | GdM10 | Human | -19.81 0.3 | 8.75 0.45 46.91 0.01 17.34 0.01 3.156 0.01 7.2
28701 | GdM11 | Human | -19.87 | 03 | 7.37 0.45 4431 0.01 15.97 0.01 3.237 0.01 6.5
28702 | GdMO06 | Human | -19.93 03 | 7.01 0.45 43.05 0.01 15.44 0.01 3.253 0.01 2.2

Table 23. Carbon (51°C) and nitrogen (3'°N) isotope ratios in bone collagen extracts from human specimens.

All The extracts were considered well-preserved according to collagen yield > 1% and C/N
(between 2.9-3.6), as detailed by Table 23. The graphic below shows the scatterplot of human stable
isotope ratios (Fig. 26).
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Fig. 26. Human §'°C (x) and §'°N (y) ratios scatterplot (N= 6).

The carbon and nitrogen analyses on the human skeletal remains resulted in bone collagen §'°C
values from -20.3%o to -19.6%o (-19.9%o £0.3%0) and 5'°N values from 7.0%o to 9.5%o (8.2%o £1%o).
As shown by the scatterplot, the stable isotopes ratios of specimen GdMO04 slightly deviated from
the average, but not significantly (U= 12.50, p= 0.6443 for §'3C and U= 14.50, p= 0.9264 for §!°N).
Considering the §'°C and §'°N mean values obtained, it was possible to assert that human feeding of
Grotta della Monaca people was characterized by vegetal proteins intake, based on Cs plants
(DeNiro and Epstein 1978, 1981). Although there were not animal bones in the sample, human §'°N
ratios were compatible with a moderate terrestrial faunal consumption, mostly herbivores (meat
and/or dairy products), and did not suggest a regular marine/freshwater protein consumption.

4.4 Discussion

Grotta della Monaca is a karsic cave places in North-western Calabria (Sant’ Agata di Esaro - CS). It
opens at 600 m above sea level, in the Upper Valley of the Esaro River. During the Middle Bronze
Age, between 1700 and 1400 BC, the cave was used as burial ground: skeletal remains were found
by archaeologists inside cracks and niches of the rock, in the most hypogeal sectors of the cave:
“Sala dei Pipistrelli” and the “Cuniculi terminali” (Larocca, 2005; Arena et alii, 2014) (cfr. Chapter
1).

In order to reconstruct ancient food habits of individuals inhumed in Grotta della Monaca, three
different approaches were used in this study: the macroscopic examination of nutritional markers of
teeth, the microwear analysis of tooth surfaces and the stable isotopes analysis on bone collagen
extracts.

The examination of macroscopic markers diet-related was performed on 351 permanent teeth
(from the mainly burial areas) belonged to 19 individuals. The analyses showed a higher frequency
of enamel wear (61.3%) (Fig. 27). According to the gravity, intermediate and slight wear were more
present than heavy wear, but statistical differences in the incidence of gravity-types did not occur.
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This result allowed us to assume the same nutritional behavior of GdM individuals: the high
frequency of dental wear indicated a diet consisting of abrasive foods that required vigorous
mastication, as suggested by analogous situations for ancient populations (Molnar, 1972; Smith,
1984; Kaifu, 2000; Bermudez de Castro et alii, 2003; Kaifu, Kasai, Townsend & Richards, 2003;).
As it is known, agricultural populations often demonstrated a high dental wear frequency because of
the consumption of abrasive textured grains and cereals. In addition, the millstones used to grind the
grains could release abrasives into the food and promote the increasing of tooth wear (Larsen,
1997). The diet of Middle Bronze Age Southern communities was mainly based on agricultural
products, particularly cereals, such as wheat, barley and legumes (Fiorentino, 2004; Tafuri, 2009;
Bietti Sestieri, 2011). The comparison with the Northern populations of Italy demonstrates that
agricultural products were manly consumed during this Age: in fact, analyses performed on 357
teeth belonged to the site of Ballabio (Lecco, Lombardy) recorded 96.6% of tooth wear in the total
sample, that was related to a mostly vegetarian diet (Masotti et alii, 2017).

Calculus was present in lower percentages than wear (20.5%) with manly slight deposit (type 1)
than moderate deposits (type 2) (Fig. 28). Different studies connected this dental marker with the
consumption of high-protein foods such as poor oral hygiene (Sheie et alii, 1989; Hillson, 1996).
The low incidence of calculus and the high incidence of wear confirm the general trend of the
Bronze Age communities that consumed more vegetables than animal proteins (Tafuri et alii, 2009;
Varalli et alii, 2016a-b). Furthermore, this result reflected the general trend of subsistence strategies
that was mostly based on agriculture in this Age (Bietti Sestieri, 2011). In fact, archaeological
studies pointed out that the consumption of meat, coming mainly from animal husbandry, spread in
the Late Bronze Age (De Grossi Mazzorin, 2013; Maini and Curci, 2013). In particular, at Broglio
di Trebisacce (Calabria) sheep and goat increased of 42% during the Late Bronze Age compared to
the Ancient and Middle Bronze Age (Tagliacozzo, 1994). Furthermore, wild species, that were
absent during the first phases of the Bronze Age, increased at the end of this Age (De Grossi
Mazzorin, 1987; Tagliacozzo, 1994; De Grossi Mazzorin et alii, 2004). Coppa Nevigata faunal
sample (Apulia) showed higher percentages of sheep and goat than cattle with the intensification
during the Middle-Late Bronze Age: cattle increased from 30.3% to 18.6%, sheep and goat
intensified from 36.6% to 43.8% (Bokonyi and Siracusano, 1987; Bietti Sestieri, 2011). However, it
is important to remark that the low incidence of calculus in Grotta della Monaca sample could
depend on the poor state of preservation of teeth that might have affected the results: in fact, the
calculus presence in the coeval North Italian sites - such as Ballabio (79.1%, N=354) - and other
Bronze Age Mediterranean sites - such as Castellets Cave (26.4%, N=227), Vinalopé Valley
(40.5%, N=446 ) and Cova dels Blaus (17.3%, N=110) in Spanish - was higher than at Grotta della
Monaca (Masotti et alii, in press). Caries are the result of fermentation of dietary carbohydrates
(especially sugars) by the oral bacteria in dental plaque (Hillson, 1986; Larsen, 1997; Caselitz,
1998; Hillson, 2001). This alteration of tooth enamel depends on a complex multifactorial disease
caused by the interaction between the presence of cariogenic microorganisms and a suitable oral
environment (Patterson, 1984; Powell, 1985). In the sample of Grotta della Monaca the presence of
caries was very low (8.5%) in comparison to the other alterations of tooth enamel (wear and
calculus) (Fig. 29). They were mostly penetrating than non-penetrating. This result demonstrated
that, although the low frequency, there were more frequently the most severe types (penetrating
caries) in the sample examined. The lower percentages of caries would seem to contrast with the
general trend recorded for the Bronze Age communities: the high consumption of grains and
legumes should increase the onset of caries. As in other European sites (Lukacs, 1992), an increase
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of carious lesions from the Neolithic to the Iron Age was observed also in Italy in relation to the
consumption of plant foods with new food preparation techniques linked with a more sedentary
lifestyle (Masotti et alii, in press). Studies conducted on the Central-Northern Bronze Age Italian
populations indicated higher frequency of caries: Grotta dello Scoglietto (Grosseto, Central Italy)
(11.2%; N=178), Arano di Cellore (Verona, North Italy) (13.4%; N=1388), Grotta Vecchi (Latina,
Central Italy) (18%; N=128), Ballabio (Lecco, North Italy) (16.7%; N= 354). (Varalli et alii, 2016b;
Masotti et alii, in press). However, a research performed on several sites in Southern Italy showed
an overall low frequency of tooth caries and a clear degree of variation between sites depending on
the resources present in the different environments, in particular on their sugary content (Minozzi et
alii, 1994). General results indicated a very low frequency of caries in Southern Bronze Age
communities: Marcita (Trapani, South Italy) (3.3%; N= 998), Toppo Daguzzo (Potenza, South
Italy) (5.9%; N=204), Madonna di Loreto (Bari, South Italy) (5.4%; N= 572) (Minozzi et alii,
1994). These values were lower or similar to results obtained in some Mediterranean Bronze Age
environments, in particular in Spanish sites of Vinalop6 Valley (8.9%, N=446 ) and Cova dels
Blaus (5.4%, N=110) (Masotti et alii, in press). In addition, it is important to point out that the wear
affects the preservation of tooth caries: there is a negative correlation between caries and the degree
of wear (Powell, 1985; Maat and Vand der Velt, 1988). In case of high enamel wear rates, such as
Grotta della Monaca, tooth caries may have been “erased”: wear gradually smooths the occlusal
cusps, eliminating fissures and pits on the crown and reducing the presence of cariogenic substances
on the tooth.

The same reason could have influenced the preservation of chipping. Chipping is an ante mortem
irregular crack involving the enamel or enamel and dentin and provides information about both
masticatory and non-masticatory activities (Milner and Larsen, 1991). In this study the complete
absence of chipping may have several causes: 1) the high frequency of wear; 2) the consumption of
foods not particularly hard (then cooked); 3) the absence of extra masticatory use of teeth (in
relation to specific work activities). Given the high incidence of wear, we support the first
hypothesis.

Dental enamel hypoplasia was present with a low frequency (24.4%) in the Grotta della Monaca
sample, more often as linear grooves (LEH) than as pits (Fig. 30 a-b). This feature is usually
considered to be a non-specific indicator of stress (Nikiforuk and Fraser, 1981) with different
origin, such as nutritional deficiencies, infections, metabolic disorders and diseases (Brothwell,
1963; El-Najjar and Mc Williams, 1978; Rose, 1977; Skinner and Goodman, 1992). Our findings
demonstrated that the stress episodes causing them occurred between 3 and 4 years of age,
analogously to other studies that indicated the occurrence of these defects during the weaning
because the transition to an adult diet of poor quality, preferably represented by carbohydrates
(Varalli et alii, 2016b). Preliminary analyses, performed on individuals of Grotta della Monaca
(included in the current sample), indicated the same result and allowed to assume a precarious
health state for an inadequate nutritional supply during early childhood (Scattarella et alii, 2005).
From the comparisons of Grotta della Monaca (Middle Bronze Age) with other Bronze Age Italian
sites - placed in different environments and in different periods (Ballabio - Lecco, Lombardy, from
Ancient Bronze Age and Castello del Tartaro - Verona, Veneto, from Late Bronze Age) - a
different incidence of hypoplastic defects (p= 0.0000) resulted with the highest frequency at
Castello del Tartaro (60%, N= 584) vs Ballabio (48%, N= 255) and Grotta della Monaca (33%, N=
310). On the base of this tooth indicator, the Grotta della Monaca population seemed to have
enjoyed a better state of health than Ballabio and Castello del Tartaro. This result could depend on
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environmental factors: Castello del Tartaro was a Terramara located in a marshy flat land that
could improve the spread of infections and parasitosis. The onset of hypoplasia in the third year of
life, probably during the weaning, is confirmed in all the three samples. Moreover, the comparison
with other Mediterranean Bronze Age sites shows that the frequencies of LEH in the Grotta della
Monaca sample were slightly higher than in the Spanish samples from Castellets Cave (22.9%,
N=227), Vinalopo6 Valley (23.3%, N=446 ) and Cova dels Blaus (20.9%, N=110) (Masotti et alii, in
press). These data pointed out that food habits as well as environmental factors could have an
important influence on the incidence of hypoplasia (Arena et alii, 2016).

The analysis of microwear confirms data of macroscopic examination, suggesting that the
prevalence of scratches (82.8%) on pits (17.2%) was due to a mostly vegetarian diet. In fact, these
two different patterns are representative of two distinct food habits: scratches indicate a mainly
vegetarian diet (including highly abrasive particles); pits are specific of a higher content of “hard
food” (such as seeds, nuts, etc.) and indicate the chewing of bones deriving by the ingesting of meat
or marrow (Romero et alii, 2013). No paleobotanical data (useful to detect the plants consumed)
have been recorded for Grotta della Monaca, but the documentation of the next site of Broglio di
Trebisacce (Sibari, Calabria) showed the presence of einkorn wheat (Triticum monococcum),
spelled (Triticum dicoccum), wheat (Triticum aestivum, compactum, durum), barley (Hordeum
distichum and exasticum), faba beans (Vicia faba minor), lentils (Lens culinaris), grass peas
(Lathyrus sativa cicera) and scarcity of millet, rye and oats (Fiorentino et alii, 2004).
Paleobotanical and environmental analyses at Broglio di Trebisacce proved intensive anthropogenic
use of the landscape: the profuse existence of olive trees indicated a highly modified landscape for
the spread of agriculture, that was the mainly subsistence strategy (Kleibrink, 1996 -1997; Vanzetti,
2000). Given the proximity between sites (located in the Northern area of Cosenza’s district), we
can assume that these observations can also be valid for Grotta della Monaca.

Although the diet was mostly vegetarian, the presence of pits demonstrated the secondary
consumption of animal products. Also in this case, no faunal data were recorded on Grotta della
Monaca. Anyway, the archaeological record of Broglio di Trebisacce indicated mostly goats and
sheep among domesticated species. Wild species were not consumed during the Ancient and Middle
Bronze Age of the Southern communities because of the hunting was generally poor: wild species
were absent at Broglio di Trebisacce, but an increase of them was recorded in the next Late Bronze
Age (De Grossi Mazzorin, 1987; Tagliacozzo 1994; De Grossi Mazzorin et alii 2004).

The stable isotopes analyses performed on Grotta della Monaca confirme this result. Findings
obtained are compatible with a terrestrial diet, based on vegetal proteins (Cs plants related), since
the carbon isotope values of the sample were about -19.9%o +0.3%o and nitrogen values ranged on a
mean value of 8.2%o0 +1%o (according to De Niro and Epstein 1978, 1981; Schoeninger and De
Niro, 1984). Even though all examined individuals were buried close to the Esaro River and not far
from the Tyrrhenian Coast (about 20 km), nitrogen concentration did not indicate marine/freshwater
food consumption. Although there were not animal bones in the examined sample, human §'°N
ratios were compatible with a limited amount of terrestrial animal products, mostly derived from
herbivores (meat and/or dairy products). Stable isotopes ratios of specimen GdMO04 slightly
deviated in §'3C rates, from the average. This result could indicate a more vegetarian intake for this
individual, a young adult, probably a female, found in the so-called “Vestibolo of m5”, as well as
the GAMO?2 individual who, however, did not differ from the average. No good graves - which may
indicate a different social status - were found directly associated with this alleged woman. The
presence of a spindle-whorl (related to the spinning work) has been recorded in the burial area and
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was compatible with a female good grave. Anyway, GdAM04 was not the only female found in the
same grave: the “Vestibolo di m5” was an area of the cave with several inhumed individuals in poor
state of preservation, found as commingled skeletal remains by archaeologists (Arena et alii, 2014;
Arena and Gualdi-Russo, 2014). Paleopathological examination performed on the woman GdM04
as well as the other individuals inhumed in the same burial area, showing the presence of cribra
orbitalia (Fig. 31), can support the hypothesis of a diet low in animal intake (Arena ef alii, in
press). As it is known from literature (Stuart-Macadam 1982, 1985, 1987a-c, 1991, 1992a-b; Stuart-
Macadam and Kent, 1992; Miquel-Feuch et alii, 1999a-b; Rothschild, 2000, 2012; Rothschild et
alii, 2004; Dyuric et alii, 2008; Walker et alii, 2009; Oxenham and Cavil, 2010; etc.), cribra -
among other causes - may also be associated with a diet low in iron and vitamins such as B> and
folic acid.

In conclusion, different nutritional markers and, in some cases, the presence of non-specific
indicators of stress (cribra orbitalia) suggested an association with a diet lower in animal proteins
and higher in vegetables. It is likely that the weaning was preferably represented by carbohydrates
during the Bronze Age (Varalli et alii, 2016), as demonstrated by the high rate of tooth wear
recorded on deciduous teeth of Grotta della Monaca (Arena et alii, 2016). The passage to poor
nutrient foods did not adequately meet the nutritional demands of infants and could result in iron
and vitamins deficiency, causing the appearance of hypoplasia.

Fig. 27. On the left, heavy dental wear on a molar.
Fig. 28. On the right, slight calculus deposits.
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Fig. 29. On the left, destructive caries on a P2.
Fig. 30a. On the right, enamel hypoplasia as LEH.

Fig. 30b. On the left, enamel hypoplasia as PITS.
Fig. 31. On the right, cribra orbitalia (individual GAM04).
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CHAPTER 5: CONCLUSIONS

This study presents an extensive investigation on dietary practices of Bronze Age communities of
Southern Italy through different approaches. The selected sites are located in three different
environments: inland hilly/mountain sites of Calabria, inland hilly sites of Basilicata, inland plan of
Apulia. The applied methods highlighted different aspects of the diet. In particular, stable isotopes
analyses have found indications about the type of protein consumed during the life, specifying if
they derived from vegetal or animal products, terrestrial or marine/freshwater foods. Microscopic
analyses of microwear (scratches and pits) allowed to quantify the amount of the different foods
ingested, indicating if the diet was mostly vegetarian or based on the consumption of “hard food”
(such as seeds, nuts or bones connected to the chewing of meat and marrow). Finally, the site of
Grotta della Monaca (Calabria) has been used as case-study in order to apply not only these
methods, but also the analyses of macroscopic patterns diet-related on teeth.

The stable isotopes values (8'°C and §'°N) indicated a diet relied on the consumption of vegetal
proteins (Cs crops-related) derived from agricultural products: cereals and legumes. The animal
protein intake (meat or dairy products) was moderate for all the sites examined and slightly higher
for the humans of Group 2 (Basilicata). Although some sites are next to the sea or to a river, no
evidence of marine or freshwater consumption was recorded in human diet in the examined
remains. For example, the community of Grotta della Monaca or Grotta Funeraria - close to Esaro
River and Bradano River, respectively - did not show the consumption of marine/freshwater
resources. Although social differences (gender-related and age-related) were recorded in the good
graves by archaeologists, such complexity did not occur in terms of dietary intake, at least not in a
way recordable through nitrogen and carbon analyses, in examined individuals.

The examination of microwear revealed a higher incidence of scratches than pits, thereby
indicating a diet rich in foods with high fibers content (i. e. agricultural products such as vegetables,
cereals, etc.). Despite the isotopic approach, the analyses of microwear pointed out some possible
gender-related difference in Ipogeo dei Bronzi population. However, given the small sample size
from this site, further analyses of this and other populations will be necessary to investigate this
aspect. The comparison between age classes was performed only on Toppo d’Aguzzo human
remains because of the poor state of preservation of the other samples that did not allow the
estimation of the age at death of individuals. Results pointed out the decrease of microwear
frequency with adulthood as a consequence of the increasing wear that smoothed the occlusal
surfaces of teeth.

The analyses of macroscopic patterns diet-related of Grotta della Monaca tooth specimens
showed a high frequency of tooth wear and a low occurrence of calculus with a significant
prevalence of slight deposit. This result confirms a diet mostly vegetarian (based on high fibrous
food) and a moderate intake of animal protein (meat and dairy products). Caries rate was very low,
although the hypothesized vegetarian diet (usually high in carbohydrates) should cause high rate of
caries. The poor sugar content of the available resources can justify this unexpected result. In
addition, it could depend on the high frequency of wear that affected the preservation of tooth
caries, as mentioned by literature. The absence of chipping can be explained in the same way. The
occurrence of hypoplasia appeared to be in analyzed teeth, giving information not only on health
status of individuals, but also on their diet of the early years of life. In particular, our results
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demonstrated that systemic stresses, such as malnutrition or diseases, occurred between the third
and the fourth year of age, on average. Moreover, our data confirmed the possibility of an
occurrence of hypoplasia during the weaning because of a transition to an adult diet of poor quality,
mostly represented by carbohydrates, as suggested in other Bronze Age communities. The
hypothesis of a mainly vegetarian diet was confirmed for Grotta della Monaca community on the
basis of stable isotopes analysis on bone collagen extracts and of microwear on dental surfaces.

Our results demonstrated a common behavior in food practices for Southern Italian populations: a
mixed diet, relied on the consumption of terrestrial resources and mostly characterized by a vegetal
protein intake (Cs plants-related). The consumption of animal protein (meat or dairy products) was
moderate for all the sites. On the basis of the comparison with Bronze Age sites of Mediterranean
and Southern Europe it was possible to assume that animal consumption was secondary (compared
with agricultural products intake) and depended on domesticated animals that supplied the majority
of animal protein. As confirmed by our data, marine/freshwater resources’ consumption was
minimal during the Bronze Age. The comparison with Neolithic sites - showing a difference in
animal feeding (that was lower during the Bronze Age) - supported the hypothesis that intensive
widespread cereals’ cultivation and consumption occurred during the Bronze Age.

This study was useful to integrate different information by different scientific approaches to assess
the feeding behavior of the Southern Italian populations during the Bronze Age, given that the
research carried out until now were few. In particular, the sample from Grotta della Monaca
provided the possibility for a more detailed study of these populations. In general, the
characteristics, that have emerged, allowed to clarify aspects related to livelihood strategies, such as
the increasing agriculture that had a strong influence on the life-style of Bronze Age communities.
The selection of foods seemed influenced by cultural choices. In particular, the observed lack of
marine and freshwater resources consumption mirrored a cultural behavior: it was an “atypical”
food choice since the sites are close to the sea or rivers.

Concluding, as pointed out in a recent study (Masotti ef alii, in press), the Italian Bronze Age was a
critical period due to the modification of dietary strategies. The integration of different
methodologies may help to clarify the diets of Bronze Age communities, allowing to overcome any
limitation. For example, the impact of agriculture on §'°N human values should be evaluated in the
interpretation of stable isotope data as animal manuring and, presumably, use of human waste as
fertiliser (Sallares, 2013) with consequent &'°N enrichment in cereal crops (Fraser et alii, 2011).
These factors have led to an overestimation of meat/dairy contribution to diet in isotopic analyses
carried out on Romano-British populations (Bonsall et alii, 2015). In general, as completion of the
various methods used, these studies on diet need to be supported by accurate botanical
investigations to define uses and practices of soil, that were not often well defined in the Italian
Bronze Age contexts. Moreover, sex differences recorded in stable isotopes values can reflect
different mobility of male and female individuals rather than diet differences (Muldner, 2013). In
this perspective, the dental patterns diet-related are useful to clarify stable isotopes results. At the
same time, stable isotopes analyses give information about aspects of diet compromised by the poor
state of preservation of dental patterns diet-related (such as calculus or wear). Moreover, stable
isotopes outcome integrates results obtained by SEM analyses of microwear that examine only a
selected area of tooth surface. Therefore, only the integration of different methods allows us to
reconstruct the complexity of the Bronze Age food behaviour.

It is important to remark that the poor state of preservation of skeletal remains and the availability
of samples (in particular of faunal remains) have strongly restricted and conditioned our research.
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However, to the best of our knowledge, this is the first study carried out on so many Bronze Age
sites of Southern Italy. Therefore, the future prospective could be to improve the information
potential of this research by a more extensive sampling, expanding the sample sizes, the number of
sites and environments. Age- and sex-specific differences in diet and general oral health could
possibly be shown if complete skeletons are available in the near future. Similar studies on Bronze
Age populations are needed to clarify our findings and to further contribute to the archaeo-
anthropological knowledge of past populations in Southern Italy.

91



ACKNOWLEDGMENTS

I’'m grateful to my Tutor Prof. E. Gualdi who gave me the opportunity to take up this research,
thanking for her constant supervision and support. I’'m also really grateful to my colleagues of the
Laboratorio di Archeo-Antropologia and Antropologia Forense (Department of Biomedical
Sciences and Surgical Specialties, Ferrara University), in particular to Dr. Sabrina Masotti for her
suggestions and help in analysis of dental markers diet-related.

I’'m grateful to Prof. M. Mannino (School of Culture and Society - Prehistoric Archaeology, Aarhus
University, Denmark) and Prof. J. Olsen (AMS Centre, Istitute of Physic and Astronomy, Aarhus
University, Denmark) for their contribution in stable isotopes analyses. I want to express a special
thanks to the AMS staff, in particular to Dr. Bente Phylippsen and Dr. Mette Kalee, who have
supervised my work with great politeness and attention during the pre-treatment of bone samples
for collagen extraction.

I’'m grateful to Prof. F. Cervellati and to the staff of the Centro di Microscopia Elettronica (Ferrara
University) for SEM analyses performed on tooth samples.

I thank Soprintendenza dei Beni Archeologici della Calabria, Museo Archeologico Nazionale della
Sibaritide (Sibari - CS) for the samples from Grotta di Donna Marsilia, Grotta dell’ Antenato and
Grotta di Sant’Angelo. I want to thank Dr. S. Marino for her support during the sampling of the
osteological remains from these archaeological sites. I'm grateful to Centro Regionale di
Speleologia “Enzo dei Medici” (Roseto Capo Spulico - CS) for Grotta du” Scuru and Grotta della
Monaca bone collections. I am particularly thankful to Dr. F. Larocca (CRS “Enzo dei Medici”) for
the unpublished information regarding the Bronze Age caves of Calabria.

I’'m grateful to Soprintendenza dei Beni Archeologici della Basilicata, Museo Archeologico
Nazionale “D. Ridola” (Matera) and Museo Archeologico Nazionale di Potenza (Potenza) for the
samples from Murgia Timone, Grotta Funeraria, Toppo d’Aguzzo. In particular, [ want to thank Dr.
A. Patrone, Dr. I. Matarese for the archaeological information regarding Murgia Timone and Grotta
Funeraria; moreover I'm grateful to Dr. M. Savarese for his support during the sampling of skeletal
remains from Toppo d’Aguzzo.

I want to thank Prof. D. Marchi (Department of Biology, Pisa University) for the bone samples
from Ipogeo dei Bronzi.

Finally, I want to express a special thanks to my family, who have obstinately believed in my
abilities and supported me in every moment.

92



REFERENCES

AA.VV. (1994). L’ipogeismo nel Mediterraneo. Origini, sviluppo, quadri culturali, Atti del
Congresso Internazionale, Universita degli Studi di Sassari, Sassari-Oristano.

ACSADI G., NEMESKERI J. (1970). History of Human Life, Span and Mortality, in Akadémiai Kiado,
Budapest, 1970.

ALT K. W., PILCHER S. (1998). Artificial modifications of human teeth. In Dental Anthropology.
Fundamentals, Limits and Prospects, ALT K. W., ROSING F. W., TESCHLER-NICOLA M. (eds),
“Springer-Verlag”, Wien, pp. 387-415.

AMBROSE S. H., NORR L. (1993). Experimental evidence for the relationship of the carbon isotope
ratios of whole diet and dietary protein to those of bone collagen and carbonate, in LAMBERT J. P.,
GRUPE G. (editors), “Prehistoric human bone: archaeology at the molecular level”, Berlin: Springer-
Verlag, pp. 1-37.

ARENA F., GUALDI RUSSO E. (in press). Paleodieta e malnutrizione della comunita di Grotta della
Monaca (Calabria) durante [’eta del Bronzo. Analisi e studio degli indicatori dentari e scheletrici,
in IPP “Studi di Preistoria e Protostoria”.

ARENA F., GUALDI-RUSSO E. (2014). Thaphonomy and post-depositional movements of a Bronze
Age mass grave in the archaeological site of Grotta della Monaca (Calabria), in “Annali
dell’Universita degli Studi di Ferrara - Sezione di Fisica e Scienze della Terra”, vol. 1.

ARENA F., LAROCCA F., ONISTO N., GUALDI-RUSSO E. (2014), 1/ sepolcreto protostorico di Grotta
della Monaca in Calabria. Aspetti antropologici, in “Annali dell’Universita degli Studi di Ferrara -
Museologia Scientifica e Naturalistica”, vol. 10/2.

ARENA F., MASOTTI M., ZEDDA M, GUALDI-RUSSO E. (2016). The enamel hypoplasia during the
Bronze Age in Italy, 20™ Congress of European Anthropological Association “European
Anthropology in a Changing World: From Culture to Global Biology” (Zagreb, Croazia).

ARNAUD J. (2009). Les Restes du Site de [’Age du Bronze de Ballabio, Master Erasmus Mundus in
Quaternario e Preistoria THESIS, Universita degli Studi di Ferrara, pp. 70-94.

ARRIGHI S., MORONI LANFREDINI A. (2007). Sansepolcro (AR). Gorgo del Ciliegio, in “Notiziario
della Soprintendenza per i Beni Archeologici della Toscana”, 3, pp. 542-544.

AUFDERHEIDE A. C., RODRIGUEZ-MARTIN C. (1998). The Cambridge Encyclopedia of Human
Paleopathology, Cambridge University Press, Cambridge.

BAAREGAARD A. (1949). Dental conditions and nutrition among natives in Greenland, in “Oral
Surg. Oral Med. Oral Pathol.”, 2, pp. 995-1007.

BATTISTI M., MARCONI S. (2004). La fauna dell’insediamento dei Pizzini di Castellano (TN) e

[’allevamento nell’Italia Nord Orientale nel corso dell’antica eta del Bronzo, in “Padusa, Nuova
Serie”, 39, pp. 45-59.

93



BEDFORD M. E., RUSSEL K. F., LovEJOY C. O. (1989). The auricular surface aging technique: 16
color photographs with descriptions, Kent, OH: Kent State University.

BELCASTRO G., RASTELLI E., MARIOTTI V., CONSIGLIO C., FACCHINI F., BONFIGLIOLI B. (2007).
Continuity or discontinuity of the life-style in central Italy during the Roman Imperial Age-Early
Middle Ages transition: diet, health, and behavior, in “American Journal of Physical
Anthropology”, 132, pp. 381-394.

BELCASTRO M. G., MARIOTTI V., FACCHINI F., BONFIGLIOLI B. (2004). Proposal of a Data

Collection Form to Record Dent-Alveolar Features - Application to Two Roman Skeletal Samples
from Italy, in “Coll. Antropol.”, 28, 1, pp. 161-177.

BELCASTRO M. G., BONFIGLIOLI B., CONSIGLIO C., FACCHINI F. (2001). The Roman Imperial Age to

Early Middle Ages regional transition: the analysis of dental alterations of the skeletal samples of
Quadrella (I-1V sec.) and Vicenne-campochiaro (Early Middle Ages) in Central Italy (Molise), in
“XIVe Congres de L’Union Internationale des Sciences Prehistoriques et Protohistoriques”, Liege.

BERMUDEZ DE CASTRO J. M., MARTINON-TORRES M., SARMIENTO S., LOZANO M., ARSUAGAJ. L., &
CARBONELL E. (2003). Rates of anterior tooth wear in Middle Pleistocene hominins from Sima de
los Huesos (Sierra de Atapuerca, Spain), in “Proceedings of the National Academy of Sciences of
the United States of America”, 100 (21), pp. 11992-11996.

BIETTI SESTIERI A.M. (2011). L Italia nell eta del bronzo e del ferro. Carocci ed., Roma.

BLAKEY M. L., ARMELAGOS G. J. (1985). Deciduous enamel defects in prehistoric Americans from
Dickson Mounds: prenatal and postnatal stress, in “Am. J. Phys. Anthropol.”, 66, pp. 371-380.

BOCHERENS H., DRUCKER D. (2003). Trophic level isotopic enrichment of carbon and nitrogen in
bone collagen: case studies from recent and ancient terrestrial ecosystems, in “Int. J.
Osteoarchaeol.”, 13, pp. 46-53.

BONSALL L. A., PICKARD C. (2015). Stable isotope and dental pathology evidence for diet in late
Roman Winchester, England, in “Journal of Archaeological Science: Reports 2, pp. 128-140.

BONFIGLIOLI B., MARIOTTI V., FACCHINI F., BELCASTRO M. G., CONDEMI S. (2004). Masticatory
and non-masticatory dental modifications in the epipalaeolithic necropolis of Taforalt (Morocco),
in “International Journal of Osteoarchaeology”, 14, pp. 448-456.

BONFIGLIOLI B. (2002). Le alterazioni dentarie di tipo non masticatorio come indicatori di attivita,
Ph.D. Thesis (Universita degli studi di Bologna).

BOGAARD A., HEATON T. H. E., POULTON P., MERBACH 1. (2007). The impact of manuring on
nitrogen isotope ratios in cereals: archaeological implications for reconstruction of diet and crop
management practices, in “J. Archaeol. Sci.”, n. 24, pp. 335-343.

BOKONYI S., SIRACUSANO G. (1987). Reperti faunistici dell’eta del Bronzo del sito di Coppa
Nevigata. Un commento preliminare, in CASSANO S. M., CAZZELLA A., MANFREDINI [. A. &
MOSCOLONI M. (eds), “Coppa Nevigata e il suo territorio”, Roma, pp. 205-210.

BORGOGNINI TARLI S. M. (1992). Aspetti antropologici e paleodemografici dal Paleolitico
superiore alla prima eta del Ferro, in GUIDI A., PIPERNO M, “Italia Preistorica”, Laterza, Roma.

94



BRINCH O., MOLLER-CHRISTENSEN V. (1949). On the comparative investigation in the occulrence of
dental caries in archaeological skulls, in “Odontol Tidskrift”, 57, pp. 357-373.
BROTHWELL D. R. (1981). Digging up Bones, Oxford University Press, Oxford.

BROTHWELL D. R. (1963). Digging Up Bones, Oxford: Oxford University Press.
BROTHWELL D. R. (1959). Teeth in earlier human populations, in “Proc Nutr Soc”, 18, pp. 59-65.

BROWN T.A., NELSON D.E., VOGEL J.S. E SOUTHON J.R. (1988). Improved collagen extraction by
modified Longin method. In “Radiocarbon”, 30, pp. 171-177.

BUIKSTRA J. E. (1977). Biocultural dimensions of archaeological study: A regional perspective, in
BLAKELY R. L. (ed). Biocultural Adaptation in Prehistoric America, Athens: University of Georgia
Press, pp 67-84.

BUIKSTRA J.E., UBELAKER D.H. (1994). Standards for Data Collection from Human Skeletal
Remains, in “Arkansas Archaeological Survey Research Series”, n. 44, Fayetteville, pg. 9.

BUTLER P. M. (1952). The milk molars of Perissodactyla, with remarks on molar occlusion, in
“Proc Zool Soc Lond”, 121, pp. 777-817.

BuUx M., SCINTILLANI G. 2005. Le Indagini Archeozoologiche, in LAROCCA F. (a cura di), “La
Miniera Pre-Protostorica di Grotta della Monaca (Sant’Agata di Esaro — Cosenza)”, Centro
Regionale di Speleologia “Enzo dei Medici”, Roseto Capo Spulico (CS), pp. 73-77.

CALDARA M., CAZZELLA A., FIORENTINO G., LOPEZ R., MAGRID., SIMONE O. (1999). Primi risultati
di una ricerca paleoambientale nell'area di Coppa Nevigata (Foggia), in “Atti del 19° Convegno
Nazionale sulla Preistoria, Protostoria e Storia della Daunia”, Stab. Lit. Centrografico Francescano,
Foggia, pp.199-236.

CAMPBELL T. D. (1925). Dentition and Palate of the Australian Aboriginal, Adelaide: The Hassell
Press.

CANCI A., MINOZzZI S. (2005). Archeologia dei Resti Umani, Carocci, Roma, pp. 11-53; 85-87; 92;
123-125; 127; 133; 137-138; 166-182, 186-187, 190-194, 201-212.

CARRA M. L. (2012). Per una storia della cerealicoltura in Italia settentrionale dal Neolitico
all’Eta del Ferro: strategie adattive e condizionamenti ambientali, Tesi di dottorato, Universita di
Bologna.

CARRA M. L., CATTANI L., ZANNI C. (2003). Aspetti paletnobotanici dell’area insediativa
protostorica di S. Maria in Belverde sul Monte Cetona (Siena), in “Rivista di Scienze Preistoriche”,
53, pp. 505-518.

CASELITZ P. (1998). Caries, Ancient plague of humankind, in ALT K. W., ROSING F. W, TESCHLER-
NicoLA M., “Dental anthropology. Fundamentals, limits and prospects”, Springer-Verlag, Wien.

CASELITZ P. (1986). Erndhrungsmodglichkeiten und Erna hrungsgevohnheiten Préhistorischer
Bevolkerungen, Oxford.

95



CASTELLETTI 1., CASTIGLIONI F., ROTTOLI M. (2001). L’agricoltura nell’ltalia settentrionale dal
Neolitico al Medioevo, in FALLA O., FORNI G., “Le piante coltivate e la loro storia. Dalle origini 1
transgenico in Lombardia nel centenario della riscoperta delle genetica di Mendel”, Atti del
convegno organizzato dal Museo Lombardo di Storia dell’ Agricoltura (1999), Milano, pp. 33-84.

CASTIGLIONI E., MOTELLA DE CARLO S., NISBET R. (1998). Indagini sui resti vegetali macroscopici
a Canar, in Balista C., Bellintani P. (Eds.), in “Canar di San Pietro Polesine vol. 2. Ricerche
archeo-ambientali sul sito palafitticolo”, Padusa, Quaderni, pp. 115-130.

CATTANEO C., GRANDI M. (2008). Antropologia e Odontologia Forense. Guida allo Studio dei Resti
Umani, Monduzzi Editore, Bologna, pp. 23-51; 127-132.

CHEUNG C., SCHROEDER H., HEDGES R. E. M. (2012). Diet, social differentiation and cultural
change in Roman Britain: New isotopic evidence from Gloucestershire, in “Archaeological and
Anthropological Sciences”, 4 (1), pp. 61-73.

CIPOLLONI SAMPO M. (1986a). La Tomba 3 dell’Acropoli di Toppo Daguzzo (Potenza). Elementi
per uno studio preliminare, AION, Arch. St. Ant., vol VIII, pp. 1-40.

CIPOLLONI SAMPO M. (1986b). La tombe di Toppo Daguzzo (Basilicata nord-orientale).
Considerazioni sulle comunita della media eta del Bronzo nel sud-est italiano, in MARAZZI M.,
TUsA S., VAGNETTI L., “Traffici micenei nel Mediterraneo. Problemi storici e documentazione
archeologica”, Atti Convegno Palermo, Taranto, pp. 27-40.

CoccHI GENICK D. (1999). La funzione delle grotte e il significato delle acque nelle manifestazioni
di culto di epoca protostorica dell’ltalia medio-tirrenica, in Cocchi Genick (ed.), in Atti
dell’Incontro di Studi “Acque, Grotte e Dei. Culti in grotta e delle acque dall’Eneolitico all’eta
ellenistica”, OCNUS, 7, pp. 167-177.

CoccHI GENICK D. (2004). L eta del Bronzo Recente in Italia, Atti del Congresso Nazionale di Lido
di Camaiore, Viareggio.

COLYER J. F. (1922). The teeth of Londoners of the 17th and 18th centuries, in “Dent Rec”, 42, pp.
237-251.

CORBETT M. E., MOORE W. J. (1976). The distribution of dental caries in ancient British
populations: The 19th century, in “Caries Res”, 10, pp. 401-412.

CosMOPOULOS M. B., GREENFIELD H. J., RUSCILLO D. (2003). Anomal and marine remains from the
new excavations of Eleusis: an interim report, in KOTJABOPOULOU E., HAMILAKIS 1., HALSTEAD P.,
“Zooarchaeology in Greece. Recent advances”, British School at Athens Studyes 9, London: British
School at Athens, pp. 145-152.

Cox M., FLAVEL A., HANSON 1., LAVEL J., WESSLING R. (2008). The Scientific Investigation of Mass
Graves : Towards Protocols and Standard Operating Procedures, Cambridge University Press,

New York, USA, pp. 304-308.

CRrAIG O. E., BiAzzo M., TAFURI M. A. (2006). Paleodietary records of coastal Mediterranean
populations, in “Journal of Mediterranean Studies”, vol. 16, No. 1/2, pp. 63-77.

96



CREMASCHI M., MERCURI A .M., TORRI P., FLORENZANO A., P1zz1 C. (2016). Climate change versus
land management in the Po Plain (Northern Italy) during the Bronze Age: New insights from the
VP/VG sequence of the Terramara Santa Rosa di Poviglio, in “Quat. Sci. Rev.”, 136, pp. 153-172.

CUCINA A. (2002). Brief communication: Diachronic investigation of linear enamel hypoplasia in
prehistoric skeletal samples from Trentino, Italy, in “American Journal of Physical Anthropology”,
119 (3), pp. 283-287.

DAVIS P. R., JANSSEN R. M. (1991). Dental health in ancient Egypt, with particular reference to the

mummified heads in the Petrie Museum of Egyptian Archaeology, University College London. Bull.
Hist. Dent. 39, pp. 61-64.

DE GRrosSI MAzzORIN J. (2013). Considerazioni sullo sfruttamento animale in ambito
terramaricolo. Economia e ambiente nell’ltalia padana dell’eta del bronzo. Le indagini
bioarcheologiche, in DE GROSSI MAZZORIN J., CURCI A., GIACOBINI G., “Beni Archeologici-
Conoscenza e Tecnologie”, 11 Quaderno, Edipuglia: Bari, pp. 257-263.

DE GROSSI MAZzZORIN J. (1987). Rapporto preliminare sulla malacofauna dell’insediamento
dell’eta del bronzo di Coppa Nevigata, in “Coppa Nevigata”, pp. 201-203.

DE GROSSI MAZZORIN J., RIEDEL A., TAGLIAC0OZZO A. (2004). L’evoluzione delle popolazioni
animali e dell’economia nell’eta del bronzo recente, in COCCHI GENICK, pp. 227-232.

DEMOULIN F. (1972). Importance des Certaines Mesures Craniennes (en Particulier de la Longueur
Sagittale de la Mastoid) dans la Détermination Sexuelle des Cranes, in “Bull. et Mém. de la Soc.
d’ Anthrop. de Paris”, t. 9, série XII, pp. 259-264.

DENIRO M. J. (1987). Stable isotope and archaeology, in “American Scientist”, 75, pp-182-191.

DENIRO M. J. (1985). Postmortem preservation and alteration of in vivo bone collagen isotope
ratios in relation to palaeodietary reconstruction, in “Nature”, 317, pp. 806-809.

DENIRO M. J., EPSTEIN S. (1978). Influence of the diet on the distribution of carbon isotopes in
animals, in “Geochimica et Cosmochimica Acta”, 42, pp. 495-506.

DENIRO M. J., EPSTEIN S. (1981). Influence of the diet on the distribution of nitrogen isotopes in
animals, in “Geochimica et Cosmochimica Acta”, 45, pp. 341-351.

Dmmruccio L. A., GARAVELLI A., PINTO D., VURRO F. (2005). Le Risorse Minerarie, in LAROCCA F.,
“La Miniera Pre-Protostorica di Grotta della Monaca (Sant’Agata di Esaro - Cosenza)”, Centro
Regionale di Speleologia “Enzo dei Medici”, Roseto Capo Spulico (CS), 2005, pp. 37-41.

DITTRICK J., SUCHEY J. M. (1986). Sex Determination of Prehistoric Central California Skeletal
Remains Using Discriminant Function Analysis of the Femur and Humerus, in “American Journal
of Physical Anthropology”, n. 70, pp. 3-9.

DJURIC M., MILANOVIC P., JANOVIC A., DRASKOVIC M., DJURIC K., MILENKOVIC P. (2008). Porotic

Lesions in Immature Skeletons from Stara Torina, Late Medieval Serbia, “International Journal of
Osteoarchaeology”, 18, pp. 458-475

97



DorI 1., MOGGI-CECCHI J. (2014). Brief Communication: An enigmatic enamel alteration on the
anterior maxillary teeth in a prehistoric North Italian population, in “American Journal of Physical

Anthropology”, 154 (4), pp. 609-614.

DORO GARETTO T., FULCHERI E., GERBORE E., PRONO G. (1985). Manuale di Antropologia
Archeologica, Civico Museo Archeologico e di Scienze Naturali “Federico Eusebio” - Alba
Universita di Torino, Alba, pp. 25-29; 36-43; 54-75.

DubpAY H., COUTRAUD P., CRUBEZI E., SELLIER P., TILLER A. M. (1990). L ’Anthropologie “De
Terrain”: Reconnaissance et Interpretation des Gestes Funeraires , in “Bull. et Mém. De la Soc.
D’ Anthrop. De Paris”, n.s., t.2, n. 3-4, 1990, pp. 29-50.

DURAY S. M. (1996). Dental indicators of stress and reduced age at death in prehistoric Native
Americans, in “Am. J. Phys. Anthropol.”, 99, pp. 275-286.

DURRWACHTER C., CRAIG O. E., COLLINS M. J., BURGER J., ALT K. W. (2006). Beyond the grave:
variability in Neolithic diets in Southern Germany?, in “J Archaeol Sci”, 33, pp. 39-48.

DWIGHT M. D. (1905). The size of the articular surfaces of the long bones as characteristic of sex;
an anthropological study, in “Developmental Dynamics”, vol 4, issue 1, pp. 19-31.

EL-NAJJAR L., MCc WILLIAMS K.R. (1978). Forensic Anthropology, Thomas, Springfield Illinois.

ENSOR B. E., IRiSH J. D. (1995). Hypoplastic area method for analyzing dental enamel hypoplasia,
in “Am. J. Phys. Anthropol.”, 98, pp. 507-517.

FEDERATION DENTAIRE INTERNATIONALE. COMMISSION ON ORAL HEALTH RESEARCH AND
EPIDEMIOLOGY (1992). A review of developmental defects of enamel index (DDE Index), in “Int
Dent J”, 42, pp. 411-426.

FEDERATION DENTAIRE INTERNATIONALE. COMMISSION ON ORAL HEALTH RESEARCH AND
EPIDEMIOLOGY (1982). An epidemiological index of developmental defects of dental enamel (DDE
Index), in “Int Dent J.”, 32, pp. 159-167.

FEREMBACH D, SCHWIDETZKY I, STLOUKAL M. (1980). Recommendations for age and sex diagnoses
of skeletons, in “J Hum Evol”, 9, pp. 517-549.

FEREMBACH D., SCHWIDETZKY [I., STLOUKAL M. (1977-1979). Raccomandazioni per la
Determinazione dell’ Eta e del Sesso sullo Scheletro, in “Rivista di Antropologia”, n. 60, , pp. 5-51.

FinoccHIARO C., GUIDI P., SERRA S., TORELLI L., FERLUGA T. (1978). Progressione 2, in

“Supplemento ad Atti e Memorie”, Societa Alpina delle Giulie — Sezione di Trieste del C.A.L., anno
I, vol. 2.

FIORENTINO G., CASTIGLIONI E., ROTTOLI M., NISBET R. (2004). Le colture agricole in Italia nel
corso dell’eta’ del Bronzo: sintesi dei dati e linee di tendenza, in COCCHI GENICK D. (editor), “L’eta
del Bronzo Recente in Italia”, Viareggio: Bavoni, pp. 219-226.

FRANCE D. L. (1998). Observational and Metric Analysis of Sex in the Skeleton, in REICHS K.J., in

“Forensic Osteology: Advances in the Identification of Human Remains”, Charles C. Thomas
Publisher, Springfield, pp. 163-186.

98



FRANCE D. L., HORN A. D. (1988). Lab Manual and Workbook for Physical Anthropology, West
Publishing Company, St. Paul, New York, Los Angeles, S. Francisco.

FRASER R. A., BOGAARD A., HEATON T., CHARLES M., JONES G., CHRISTENSEN B. T., HALSTEAD P.,
MERBACH 1., POULTON P. R., SPARKES D., STYRING A. K. (2011). Manuring and stable nitrogen
isotope ratios in cereals and pulses: towards a new archaeobotanical approach to the inference of
land use and dietary practices, in “J. Archaeol. Sci.”, 28, pp. 2790-2804.

GALBANY J.,MARTINEZ L.M, LOPEZ AMOR H.M., ESPURZ V., HIRALDO O., ROMERO A., DE JUAN J.,
PEREZ-PEREZ A. (2005). Error Rates in Buccal-Dental Microwear Quantification Using Scanning
Electron Microscopy, in “Scanning”, vol. 27, pp. 23-29.

GARCIiA BORJA P., PEREZ FERNANDEZ A., BIOSCA CIRUJEDA V., RIBERA I GOMES A., SALAZAR-
GARCIA D.C. (2013). Los restos humanos de la Coveta del Frare (La Font de la Figuera, Valencia).
in GARCIA BORJA P., REVERT FRANCES E., RIBERA 1 GOMES A., BioscA CIRUJEDA V. (Eds.), “El
naixement d'un pobleHistoria 1 arqueologia de La Font de la Figuera. Ajuntament de la Font de la
Figuera”, pp. 47-61.

GASPARO F. (1979). Nota preliminare sulle ricerche della commissione grotte “E. Boegan” nel
comune di Cassano allo Ilonio (Cosenza), in “Atti e Memorie della Commissione Grotte E.
Boegan”, vol XVIII, Trieste.

GASPARO F. (1980). 1l fenomeno carsico nel comune di Cassano allo lonio (Provincia di Cosenza),
in “Atti e Memorie della Commissione Grotte E. Boegan”, vol XIX, Trieste.

GIACHI G., MORI SECCI M., PIGNATELLI O., GAMBOGI P., MARIOTTI LiPP1 M. (2010). The prehistoric

pile-dwelling settlement of Stagno (Leghorn, Italy): Wood and food resource exploitation, in
“Journal of Archaeological Science”, 37, pp. 1260-1268.

GOLDSTEIN M. S. (1948). Dentition of Indian crania from Texas, in “Am J Phys Anthropol”, 6, pp.
63-84.

GOODMAN A. H., ARMELAGOS G. J. (1988). Childhood stress and decreased longevity in a
prehistoric population, in “Am. Anthropol.”, 90, pp. 936-944.

GOODMAN A. H., ARMELAGOS G. F., ROSE J. C. (1984). The chronological distribution of enamel

hypoplasias from prehistoric Dickson Mounds populations, in “Am. J. Phys. Anthropol.” 65, pp.
259-266.

GOODMAN A. H., ARMELAGOS G. F., ROSE J. C. (1980). Enamel hypoplasias as indicators of stress
in three prehistoric populations from Illinois (AD 950-1300), in “Hum. Biol.”, 52, pp. 515-528.

GOODMAN A. H., MARTIN D. L., ARMELAGOS G. J., CLARK G. (1987). Introduction: modeling
disease in prehistoric population, in COHEN M. C., ARMELAGOS G. J. (Eds.), “Paleopathology at the
Origins of Agriculture”, Academic Press, London, pp. 13-49.

GOODMAN A. H., ROSE J. C. (1990). Assessment of Systemic Physiological Perturbations from

Dental Enamel Hypoplasias and Associated Histological Structures, in “Yearbook of Physical
Anthropology”, n. 33, pp. 59-110.

99



GORDON K. D. (1982). A4 study of microwear on chimpanzee molars: implications for dental
microwear analysis, in “American Journal of Physical Anthropology”, 59, pp. 195-215.

GORDON K. D. (1984a). Taphonomy of dental microwear, II, in “American Journal of Physical
Anthropology”, 63, pp. 164-165.

GORDON K. D. (1984b). Hominoid dental microwear: complications in the use of microwear
analysis to detect diet, in “Journal of Dental Research”, 63, pp.1043-1046.

GORDON K. D. (1984c). The assessment of jaw movement direction from dental microwear, in
“American Journal of Physical Anthropology”, 63, pp. 77-84.

GOUDE G@G., LISFRANC R., LOISON G., FOREST V., HERRSCHER E. (2011). The Bronze Age diet in

Auvergne (France): a stable isotope approach, in “Am. J. Phys. Anthropol”, 144 (S52), pp.
195.196.

GRIFONI CREMONESI (1976). Il neolitico e [’eta dei metalli, in “Museo Ridola”, pp. 21-31.

GRIFONI CREMONESI (1999). Alcune osservazioni sui culti delle acque e sulla frequentazione delle
grotte dal Neolitico all’eta del Rame, “Ocnus 7, pp. 159.165.

GRINE F. E. (1981). Trophic differences between “gracile” and “robust” australopithecines: a
scanning electron microscope analysis of occlusal events, “South African Journal of Science”, 77,

pp. 203-230.

GUALDI-RUSSO E. (2006). Sex Determination From the Talus and Calcaneus Measurements, in
“Forensic Sci Int”, 171 (2-3), pp. 151-156.

GUALDI-RUSSO E., ONISTO N, VASCON S. (2009). Gli inumati di Ballabio. Prime osservazioni
Antropologiche, in “Ruffa M (ed) Carta Archeologica della Provincia di Lecco. Aggiornamento.
Musei Civici di Lecco Nuova Serie, Lecco, pp. 48-52.

GUGEL L. L., GRUPE G., KUNZELMANN K. H. (2001). Simulation of dental microwear: characteristic
traces by opal phytoliths give clues to ancient human dietary behavior, in “American Journal of
Physical Anthropology”, 114, pp.124-138.

GUGLIELMINO R. (2005). Roca Vecchia: nuove testimonianze di relazioni con [’Egeo e il
Mediterraneo Orientale nell’Eta del Bronzo, in LAFFEUR R., GRECO G., pp. 637-651.

HARDING A. F., FOKKENS H. (2013). The Oxford Handbook of the European Bronze Age, Oxford
University Press: Oxford.

HARDWICK J. L. (1960). The incidence and distribution of caries throughout the ages in relation to
the Englishman's diet, in “Br Dent J”, 108, pp. 9-17.

HARRIS J. E., PONITZ P. V. (1980). Dental health in ancient Egypt, in COCKBURN A., COCKBURN E.,
“Mummies, Disease, and Ancient Cultures”, Cambridge University Press, Cambridge, pp. 45-51.

HEDGES R., REYNARD L. (2007). Nitrogen isotopes and the trophic level of humans in archaeology,
in “J Archaeol Sci”, 34, pp. 1240-1251.

100



HEDGES R.E.M., CLEMENT J.G., THOMAS C.D.L. E O’CONNELL T.C.O. (2007). Collagen turnover in
the adult femoral mid-shaft: modeled from anthropogenic radiocarbon tracer measurements, in
“American Journal of Physical Anthropology”, 133, pp. 808-816.

HERRSCHER E. (2003). Alimentation d'une population historique. Analyse des données isotopiques
de la nécropole Saint-Laurent de Grenoble (XIII-XV siéecles, France), in “Bulletins et Mémoires de
la Société d'Anthropologie de Paris”, 15(3-4), pp. 149-269.

HERRSCHER E., GOUDE G., LISFRANC R., FOREST V., VERMEULEN C. (2014). Pratiques alimentaires
au Bronze ancien en Auvergne: Essai de restitution par [’analyse isotopique, in “Préhistoires
Méditerranéennes” [Online] 2013 (4).

IBRAHIM M. A. (1987). A study of dental attrition and diet in some ancient Egyptian populations,
Ph.D. Dissertation, University of Durham, Durham.

HiGHAM T. F. G., JACOBI R. M., BRONK RAMSEY C. (2006). AMS Radiocarbon datings of ancient
bone using ultrafiltration, in “Radiocarbon”, vol 48, nr 2, pp. 179-195.

HILLSON S.W. (2005) Teeth (2a edizione), Cambridge University Press, Cambridge.

HILLSON S. W. (2001), Int. J. Osteoarchaeol., 11, pp. 249.
HILLSON S. (1996). Dental Anthropology, Cambridge: Cambridge University Press.

HILLSON S. W. (1986). Teeth, Cambridge Manuals in Archaeology, Cambridge University Press,
Cambridge.

HoLLAND T. D., O’BRIEN M. J. (1997). Parasites, Porotic Hyperostosis and the Implications of
Changing Perspectives, in “American Antiquity”, 62, pp.183-193.

HUGHES D. R. (1963). 4 study of a series of mandibles from the Mulu Cave, in SARAWAK. J. R,
“Anthrop. Inst. Great Britian Ireland”, 93, pp. 235-249.

IORDANIDIS P. (1961). Sex determination by the skeletal bones (atlas, axis, clavicle, scapula,
sternum), in “Ann Med Leg Criminol Police Sci Toxicol”, 41, pp. 280-91.

INTRONA F., DELL’ERBA A.(2000). Determinazione dell’Eta da Resti Scheletrici, Essebiemme
Edizioni, Noceto (PR), pp. 22-33; 126-200.

IppoOLITO F. (2016). Before the Iron Age. The oldest settlements in the hinterland of the Sibaritide
(Calabria, Itay), PHD thesis, Groningen University.

IppOLITO F. (2016). Late Eneolithic and Early Bronze Age funeraru evidence from the Sant’Angelo
IV cave (Northeastern Calabria, Italy), in “Palaeohistoria”, University of Groningen-Groningen
Institute of Archaeology & Barkhuis, Groningen.

JACOB J., DISNAR J. R., ARNAUD F., CHAPRON E., DEBRET M., LALLIER-VERGES E., DESMET M.,

REVEL-ROLLAND M. (2008). Millet cultivation history in the French Alps as evidenced by a
sedimentary molecule, in “Journal of Archaeological Science”, 35, pp. 814-820.

101



JACOB J., DISNAR J. R., ARNAUD F., GAUTHIER E., BILLAUD Y., ET AL. (2009). Impacts of new

agricultural practices on soil erosion during the Bronze Age in the French Pre-alps, in “Holocene”,
SAGE Publications, 19 (2), pp. 241-249.

JorRkKOV M. L. S., HEINEMEIER J., LYNNERUP N. (2007). Evaluating bone collagen extraction
methods for stable isotope analysis in dietary studies, “J Archaeol Sci”, 34, pp. 1824-1829.

KAIFU Y. (2000). Tooth wear and compensatory modification of the anterior dentoalveolar complex
in humans, in “American Journal of Physical Anthropology”, 111 (3), pp. 369-392.

KAIFU Y., KASAI K., TOWNSEND G. C., RICHARDS L. C. (2003). Tooth wear and the design of the
human dentition: A perspective from evolutionary medicine, in “American Journal of Physical
Anthropology”.

KELLEY M. A., LARSEN C. S. (1991). Advances in dental anthropology, Wiley-Liss Pub, Inc, New
York.

KLEIBRINK M. (2006), Oenotrians at Lagaria near Sybaris, a native proto-urban centralised
settlement. A preliminary report on the excavation of the timber dwellings on the Timpone della
Motta near Francavilla Marittima, Southern Italy, London.

KLEIBRINK M. (1996-1997). Debating Dark Ages, Groningen (= Caeculus 3).

KocH J.K., KUPKE K. (2012). Life course-reconstruction of mobile individuals in an Early Bronze
Age society in Central Europe. Concept of the project and first results to the cemetery of Singen
(Germany), in KAISER E., BURGER J., SCHIER W. (Eds.), “Population Dynamics in Prehistory and
Early History New Approaches by Using Stable Isotopes and Genetics De Gruyter”, Berlin, Boston,
pp. 225-240.

KORITZER R.T. (1968). An analysis of the cause of tooth loss in an ancient Egyptian population, in
“Am. Anthrop.”, 70, pp. 550-553.

KotiaBopouLoU E., HAMILAKIS 1., HALSTEAD P. (2003). Zooarchaeology in Greece. Recent
advances, British School at Athens Studyes 9, London: British School at Athens.

KNUSEL C. J., OUTRAM A. K. (2004). Fragmentation: The Zonation Method Applied to Fragmented

Human Remains from Archaeological and Forensic Contexts, in “Environmental Archaeology”, n.
9, pp. 85-97.

LAFFINEUR R., GRECO G. (2005). Emporia, Aegeans in the Central and Eastern Mediterraneum, in
“Aegeum 257, vol. I, Liege.

LAIL., TYkKOT R. H., BECKETT J. F., FLORIS R., FONZO O., UsAl E., MANUNZA M. R., GODDARD E.,
HOLLANDER D. (2007). Interpreting stable isotope analyses: case studies on Sardinian prehistory,
in GLASCOCK M. D., SPEAKMAN R. J., POPELKA-FILCOFF R. S. (Eds.), “Archaeological Chemistry:
Analytical Techniques and Archaeological Interpretation”, American Chemical Society,
Washington, DC, pp. 114-136.

LAl L., TykoT R., UsAl E., BECKETT J. F., FLORIS R., FONZO O., GODDARD E., HOLLANDER D.,

MANUNZA M. R., USAI A. (2014). Diet in the Sardinian Bronze Age:models, collagen isotopic data,
issues and perspectives. Préhistoires Méditerranéennes [Online] 2013 (4).

102



LALUEZA C., PEREZ-PEREZ A., TURBON D. (1996). Dietary inferences through buccal microwear
analysis of middle and upper Pleistocene human fossils, in “American Journal of Physical

Anthropology”, 100, pp. 367-387.

LALUEZA C., JUAN J., ALBERT R. M. (1996). Phytolith Analysis on Dental Calculus, Enamel
Surface, and Burial Soil: information About Diet and Paleoenvironment, in “American Journal of
Physical Anthropology”, 101, pp. 101-113.

LALUEZA C., PEREZ-PEREZ A., JUAN J. (1994). Dietary information through the examination of
plant phytoliths on the enamel surface of human dentition, in “J Archaeol Sci”, 21, pp. 29-34.

LANPHEAR K. M. (1990). Frequency and distribution of enamel hypoplasias in a historic skeletal
sample, in “Am. J. Phys. Anthropol.”, 81, pp. 35-43.

LAROCCA F. (2005). La miniera pre-protostorica di Grotta della Monaca (Sant’Agata di Esaro -
Cosenza), Centro Regionale di Speleologia “Enzo dei Medici”, Roseto Capo Spulico (CS).

LAROCCAF. (2011). La miniera di Grotta della Monaca, in “Archeologia Viva”, n. 149, pp. 66-72.

LAROCCA F., BREGLIA F. (2014). L’alta valle dell’Esaro e le sue miniere preistoriche, in
“Speleologia”, 71, pp. 30-36.

LAROCCA F., LEVATO C. (2013). From the imprint to the tool: The identification of prehistoric
mining implements through the study of digging traces. The case of Grotta della Monaca in
Calabria (Italy). in “Mining in European History and its Impact on Environment and Human
Societies, Proceedings for the 2nd Mining in European History Conference of the FZ HIMAT
(Innsbruck, 7-10 November 2012)”, Anreiter P., Brandstitter K., Goldenberg G., Hanke K., Leitner
W., Nicolussi K., Oeggl K., Pernicka E., Schaffer V., Stollner T., Tomedi G., Tropper P. (Eds.),
Forschungszentrum HiMAT, Innsbruck: pp. 21-26.

LAROCCA, F. (2010). Grotta della Monaca: A prehistoric copper and iron mine in the Calabria
region (Italy), in “Mining in European History and its Impact on Environment and Human
Societies. Proceedings for the 1st Mining in European History-Conference of the SFB-HIMAT”,
ANREITER P., GOLDENBERG G., HANKE K., KRAUSE R., LEITNER W., MATHIS F., NICOLUSSI K.,
OEGGL K., PERNICKA E., PRAST M., SCHIBLER J., SCHNEIDER 1., STADLER H., STOLLNER T., TOMEDI
G., TROPPER P. (Eds.), Forschungszentrum HiMAT, Innsbruck: pp. 267-270.

LARSEN C. (1997). Bioarchaeology: Interpreting behavior from the human skeleton, in “Human
Biology”, 71(4), pp. 715-719.

LARSEN C. (1991). Teeth as artefacts of human behaviour: Intentional mutilation and accidental
modification, in KELLEY M. A., LARSEN C. S., “Advances indental anthropology”, Wiley-Liss Pub,
Inc, New York.

LARSEN C. S. (1985). Dental modifications and tool use in the western Great Basin, in “American
Journal of Physical Anthropology”, vol 67, Issue 4, pp. 393-402.

LARSEN C. S., SHAVIT R., GRIFFIN M. C. (1991). Dental Caries Evidence for Dietary Change, in
“Advances in Dental Anthropology”, pp. 179-202.

LEE-THORP J. A. (2008). On isotopes and old bones, in “Archacometry”, 50 (&), pp. 925-950.

103



LEE-THORP J. A., THACKERAY J. F., VAN DER MERWE N. (2000). The hunters and the hunted
revisited, “Journal of Human Evolution”, 39, pp. 565-576.

LEE-THORP J. A., VAN DER MERWE N. J. (1991). Aspects of the chemistry of modern and fossil
biological apatites, “Journal of Archaeological Science”, 18, pp. 343-354.

LEEK F. F. (1986). Dental health and disease in ancient Egypt with special reference to the
Manchester mummies, in DAVID R. A., “Science in Egyptology”, Manchester University Press,
Manchester, pp. 35-42.

LEIGH R. W. (1925). Dental pathology of Indian tribes of varied environmental food conditions, in
“Am J Phys Anthropol”, 8, pp. 179-199.

LELLI R., ALLEN R., BIONDI G., CALATTINI M., CONATI BARBARO C., GORGOGLIONE M. A.,
MANFREDINI A., MARTINEZ-LABARGA C., RADINA F., SILVESTRINI M., Tozzl C., RICKARDS O.,
CRAIG, O., (2012). Examining dietary variability of the earliest farmers of south-eastern Italy, in
“Am. J. Phys. Anthropol.”, 149, pp. 380-390.

LITTLETON J., FROHLICH B. (1993). Fish-eaters and farmers: dental pathology in the Arabian Gulf,
in “Am. J. Phys. Anthrop.”, 92, pp. 427-447.

Lo PorTO F. G. (1988). I villaggi preistorici di Murgia Timone e Murgecchia nel materano,
Matera.

LOGIN R. (1971). New method of collagen extraction for radiocarbon dating. In “Nature *, 230, pp.
241-242.

LoPEZ-COSTAS O. (2010). Los esqueletos de A Capela do Pilar en la catedral de Lugo, in
GUTIERREZ REDOMERO E., SANCHEZ ANDRES A. Y GALERA OLMO V. (ed.), “Diversidad humana y
antropologia aplicada”, Congreso XVI de la SEAF, pp. 509-518.

Loveioy C. O., MEINDL R. S., PRYZBECK T. R., MENSFORTH R. P. (1985). Chronological
Metamorphosis of the Auricolar Surface of the llium: a New Method for the Determination of Adult
Skeletal Age at Death, in “American Journal of Physical Anthropology”, n. 68, , pp.15-28.

Lucas P. W. (2004). Dental Functional Morphology: How Teeth Work. Cambridge University
Press, New York.

Lucas P.W., OMAR R., AL-FADHALAH K., ALMUSALLAM A. S., HENRY A. G. ET AL. (2013).

Mechanisms and causes of wear in tooth enamel: implications for hominin diets, in “J R Soc
Interface”, 10: 20120923.

LukAcs J. R. (1992). Dental paleopathology and agricultural intensification in south Asia: new
evidence from Bronze Age Harappa, in “Am. J. Phys. Anthrop”, 87, pp. 133-150.

LUKACS J. R. (1989). Dental paleopathology: methods of reconstructing dietary patterns, in ISCAN
M. Y., KENNEDY K. A. R., “Reconstruction of life from the skeleton”, New York: Alan R. Liss., pp.
261-286.

LukAcs J. R., PASTOR R. F. (1988). Activity-induced patterns of dental abrasion in prehistoric

Pakistan: evidence from Mehrgarh and Harappa, “American Journal of Physical Anthropology”,
76, pp. 377-398.

104



LUNT D. A. (1974). The prevalence of dental caries in the permanent dentition of Scottish
prehistoric and mediaeval populations, in “Arch Oral Biol”, 19, pp. 431-437.

MaAs M. C. (1994). A scanning electron-microscopic study of in vitro abrasion of mammalian
tooth enamel under compressive loads, in “Archives of Oral Biology”, 39 (1), pp. 1-11.

MAAT G. J. R., VAN DER VELDE E. A. (1987). The caries attrition competition, in “International
Journal of Anthropology”, vol. 2, 4, pp. 281-292

MAHONEY P. (2007). Human Dental Microwear From Ohalo II (22,500-23,500 cal BP), Southern
Levant, in “American Journal of Physical Anthropology, 132, pp. 489-500.

MAINI E., CURCI A. (2013). Considerazioni sull’economia di allevamento nella Romagna durante
l’eta del bronzo. Economia e ambiente nell’ltalia padana dell’eta del bronzo. Le indagini
bioarcheologiche, in DE GROSSI MAZZORIN J., CURCI A., GIACOBINI G. (eds.), “Beni Archeologici -
Conoscenza e Tecnologie”, 11 Quaderno, Edipuglia: Bari, pp. 357-376.

MAKAREWICZ C. A. (2014). Winter pasturing practices and variable fodder provisioning detected in
nitrogen (6'°N) and carbon (6">C) isotopes in sheep dentinal collagen, in “J. Archaeol. Sci.”, 41,
pp. 502-510.

MAKAREWICZ C. A., SEALY J. (2015). Dietary reconstruction, mobility, and the analysis of ancient
skeletal tissues: Expanding the prospects of stable isotope research in archaeology, in “Journal of
Archaeological Science”, 56, pp. 146-158.

MAKAREWICZ C., TUROSS N. (2012). Finding fodder and tracking transhumance: isotopic detection
of goat domestication processes in the Near East, in “Curr. Anthropol.”, 53, pp. 495-505.

MALLEGNI F. (2000), DENTI. Ontogenesi-Evoluzione-Struttura-Dimensione-Forma-Funzione, Ed.
L. T. U., Pisa.

MALLEGNI F., PAGLIALUNGA L., RONCO D., VITIELLO A. (1994). Su una Sepoltura Collettiva di
Bambini di Epoca Tardo Medievale Rinvenuta Durante lo Scavo Archeologico di Piazza Dante a
Pisa, in “Rivista di Antropologia”, vol. 72, pp. 119-134.

MALLEGNI F., RUBINI M. (2002). Recupero dei Materiali Scheletrici Umani in Archeologia, CISU,
Roma, pp. 1-91; 126-130.

MANN R. W. & HUNT D. R., Photographic Regional Atlas of Bones Desease, Charles C Thomas
Publisher, LTD, USA, 2005.

MANCHESTER K. (1983). The Archaeology of Disease, Bradford, England: University of Bradford
Press.

MANNINO A. M., TALAMO S., TAGLIAC0ZZO A., FIORE 1., NEHLICH O., PIPERNO M., TUSA S.,
CoLLINA C., D1 SALVO R, SCHIMMENTI V., RICHARDS M. P. (2015). Climate-driven environmental
changes around 8,200 years ago favoured increases in cetacean strandings and Mediterranean
hunter-gatherers exploited them, in “Scientific Report™.

MANNINO M.A. (2009). Analisi isotopiche sui resti umani, in “Non omnis moriar — Manuale di
Antropologia (dar voce ai resti umani del passato)”, edited by F. Mallegni & B. Lippi, pp. 395-424.
Edizioni CISU, Rome.

105



MARAZZI M., TUSA S., VAGNETTI L. (1986). Traffici micenei nel Mediterraneo. problemi storici e
documentazione archeologica, in “Atti del Convegno di Palermo”, Taranto.

MARTINEZ-LABARGA C., LELLI R., TARSI T., BABALINI C., DE ANGELIS F., OTTONI C., GIAMBRA V., ET AL.
(2007). Polymorphisms of the COLIA2, CYP1A1 and HS1,2 Ig enhancer genes in the Tuaregs from Libya. In
“Ann Hum Biol”, 34, pp. 425-436.

MASOTTI S., BOGDANIC N., ARNAUD J., CERVELLATI F., GUALDI-RUSSO E. (2017), Tooth wear
pattern analysis in a sample of Italian Early Bronze Age population. Proposal of a 3-D sampling
sequence, in “Archives of Oral Biology”, 74, pp. 37-45.

MASOTTI S., VARALLI A., GOUDE G., MOGGI CECCHI J., GUALDI RUSSO E. (in press), Combined
analysis of dietary habits in the Bronze Age site of Ballabio (Northern Italy), in “Archaeol
Anthropol Sci”.

MATARESE 1. (2014). Gli ornamenti della tomba 1 di Murgia Timone (Matera) nel quadro del
Bronzo medio in Italia, XII Incontro di Studi “Preistoria e Protostoria in Etruria: Ornarsi per
comunicare agli uomini e agli dei”, Manciano-Pitigliano-Valentano.

MAzzEl M, TUNZI SISTO A. (2005). Gargano antico: testimonianze archeologiche dalla preistoria
al tardoantico, “Volume 2 di Daunia Archeologica: monografie”, Grenzi.

MCCLURE S.B., GARCIA GARCIA O., ROCA DE TOGORES C., CULLETON B.J., KENNETT D.J. (2011).

Osteological and paleodietary investigation of burials from Cova de la Pastora, Alicante, Spain, in
“J. Archaeol. Sci.”, 38, pp. 420-428.

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, in “American Journal
of Physical Anthropology”, vol. 68, issue 1, pp. 57-66.

MERCURI A. M., BARONI R., MARIOTTI L1PP1 M. (2006). Archeobotanica e alimentazione, in “Atti
Soc. Nat. Mat.”, Modena, vol. 137.

MIQUEL FEUCH M. J., POLO CERDA M., VILLALAIN-BLANCO J. D. (1999a). El Sindrome Cribroso:
Cribra Femoral vs Cribra Orbitaria, in SANCHEZ J. A., “Sistematizaciéon Metodologica en Paleo-
Patologia, Actas V Congreso Nacional AEP, Association Espafiola de Paleopatologia”, Alcala la
Real: Jaén, Spain, pp. 221-237.

MIQUEL FEUCH M. J., POLO CERDA M., VILLALAIN-BLANCO J. D. 1(999b). Cribra Orbitalia vs
Cribra Femora: New Contributions to the Cribrose Syndrome, in “Journal of Paleopathology”, 11,

pp. 84.

MILNER G. R. (1984). Dental caries in the pennanent dentition of a Mississippian period population
from the American Midwest, in “Coll Antropol”, 8, pp. 77-91.

MILNER G. R., LARSEN C. S. (1991). Teeth as artefacts of human behaviour: Intentional mutilation
and accidental modification, in KELLEY M. A., LARSEN C. S., Advances in dental anthropology,
Wiley-Liss Pub, Inc, New York.

MINAGAWA M., WADA E. (1984). Stepwise enrichment of 15n along foods chains: further evidence
of the relation between 15N and animal age , in “Geochim. Cosmochim. Acta”, 48, pp. 1135-1140.

106



MINOzz1 S., CANCI A., BORGOGNINI TARLI S. M., REPETTO E. (1994). Stress e stato di salute in serie
scheletriche dell eta del Bronzo, in “Bullettino di Paletnologia Italiana (Roma), 85, pp. 333-348.

MOLNAR S. (1972). Tooth wear and culture: A survey of tooth functions among some prehistoric
populations, in “Current Anthropology”, 13 (5), 511.

MOORE W. J., CORBETT M. E. (1975). The distribution of dental caries in ancient British
populations: The 17th century, in “Caries Res”, 9, pp. 163-174.

MOORE W. J., CORBETT M. E. (1973). The distribution of dental caries in ancient British
populations: Iron Age, Romans, British, and Medieval periods, in “Caries Res” 7, pp. 139-151.

MOORE W. J., CORBETT M. E. (1971). The distribution of dental caries in ancient British
populations: Anglo-Saxon period, in “Caries Res”, 5, pp. 151-161.

MULDNER @G., CHENERY C., ECKARDTH. (2011), The ‘headless Romans’: multi-isotope
investigations of an unusual burial ground from Roman Britain, in “J. Archaeol. Sci.”, n. 38, pp.

280-290.

MUMMERY J. R. (1870). On the relations which dental caries, as discovered among the ancient
inhabitants of Britain and amongst existing aboriginal races, may be supposed to hold to their food
and social conditions, in “Trans Odontol Soc Gr Br”, 2, pp.7-24, 27-80.

NATHAN H., HAAS N. (1966). Cribra Orbitalia, “Israel Journal of Medical Science”, 2, pp. 170-179.

NAJERA COLINO T., JIMENEZ-BROBEIL S.A., MOLINA F., DELGADO-HUERTAS A., LAFFRANCHI Z.
(2012). La aplicacion de los métodos de la antropologia fisica a un yacimiento arqueologico: La

Motilla Del Azuer, in “Cuadernos de Prehistoria y Arqueologia de la Universidad de Granada”, vol.
22, pp. 149-183.

NICHOLLS B. (1914). A contribution to the study of the teeth of the Australian and Tasmanian
aboriginals. Transactions of the Sixth International Dental Congress, London: The Committee of
Organization, pp. 67-102.

NIKIFORUK F., FRASER D. (1981). The etiology of enamel hypoplasia: A unifying concept, in “The
Journal of Pediatrics”,vol 98, Issue 6, pp. 888-893.

NISBET R., ROTTOLI M. (1997). Le analisi dei macroresti vegetali dei siti dell’Eta del bronzo. Le
Terramare. La piu antica civilta padana, BERNABO BREA M., CARDARELLI A., CREMASCHI M.
(eds.), Electa, Milano, pp. 469-474.

OLIVIER G. (1969). Practical Anthropology, Springfield, Thomas.

OLIVIER G., PINEAU H. (1958). Biométrie du Scapolum ; Asymeétrie, Corrélations et Différences
Sexuelles, in “Archives d’ Anatomie”, pp. 67-68.

OXENHAM M. F, CAVIL 1. (2010). Porotic hyperostosis and cribra orbitalia: the erythropoietic
response to iron-deficiency anaemia, ‘“Anthropological Science”, vol. 118 (3), pp. 199-200.

PAccIANI E. (1993). I Procedimenti di Restauro in Laboratorio, in BORGOGNINI TARLI S., PACCIANI

E. (a cura di), “I Resti Umani nello Scavo Archeologico”, Bulzoni Editore, pp. 56-59; 71-78; 80;
85;88; 117-121; 171-196.

107



PALADINO A., TROIANO G. (1989). Calabria Citeriore. Archeologia in provincia di Cosenza,
Galasso (eds), Trebisacce.

PALS J.P., VORRIPS A. (1979). Seeds, fruits and charcoals from two prehistoric sites in Northern
Italy, in “Archaeo-Physica”, 8, pp. 217-235.

PATTERSON D. K. (1984). A Diachronic Study of Dental Palaeopathology and Attritional Status of
Prehistoric Ontario Pre-Iroquois and lroquois Populations, in “Archaeol Surv Canada Pap™ 122.

PATRONI G. (1897). Matera, antichita preistoriche, Notizie degli Scavi di Antichita, pp. 203-211.

PEARCE M. (2004). The Italian Bronze Age, in BOGUCHI P., CRABTREE P. J. (eds), “Ancient Europe
8000 B.C.-A.D 1000: Encyclopedia of the Barbarian World”, Charles Scribner’s Sons, pp. 34-42.

PEDERSEN P. O. (1949). The East Greenland Eskimo Dentition. Meddelelser om Gronland, vol 142,
no. 3, Copenhagen: CA Reitzel.

PEREZ-PEREZ A., LALUEZA C., TURBON D. (1994). Intraindividual and intragroup variability of
buccal tooth striation pattern, in “American Journal of Physical Anthropology”, 94, pp. 175-187.

PERINI R. (1987). Scavi archeologici nella zona palafitticola di Fiavé- Carera II, Campagne 1969-
1976. Resti della cultura materiale, metallo-osso-litica-legno. Patrimonio storico e artistico del
Trentino 9, Servizio Beni Culturali della Provincia autonoma di Trento: Trento.

PERONI R. (1971). L’Eta del Bronzo nella Penisola Italiana-1. L’antica Eta del Bronzo, Leo S.
Olschki Ed, Firenze.

PINDBORG J. J. (1970). Pathology of the Dental Hard Tissues, Copenhagen, Munksgaard.

PIQUET M. M. (1956), Etude de la Robustesse de la Mandibule, in “Bullettin et Mémoires de la
Société d’ Anthropologie de Paris”, Sér. X1, n. 7, pp. 204.224.

POLO-CERDA M., ROMERO A., CASABO J., DE JUAN J. (2007). The Bronze Age burials from Cova
Dels Blaus (Vall d’Uixo, Castello, Spain): an approach to palaeodietary reconstruction through
dental pathology, occlusal wear and buccal microwear patterns, in “Homo”, 58, pp. 297-307.

POWELL M. L. (1985). The Analysis of Dental Wear and Caries for Dietary Reconstruction, in
GILBERT R. I, MEIKLE J. H. (Eds.), “The Analysis of Prehistoric Diets”, Accademic Press, Orlando,
Florida, pp. 307-338.

PRICE T. D., SCHOENINGER M. J., AMELAGOS G. J. (1985). Bone Chemistry and Past Behaviour: An
Overview, in “Journal of Human Evolution”, 14, pp. 419-447.

PRIMAVERA M., FIORENTINO G. (2014). Acorn gatherers: fruit storage and processing in south-east
Italy during the Bronze Age. In “Origini, Preistoria e protostoria delle civilta antiche - Prehistory
and protohistory of ancient civilizations”, XXXV (2012), pp. 153-168.

PUECH P. F. (1977). Usure dentaire en anthropolgie étude par la technique des répliques, in “Revue
d’Odonto- Stomatologie”, 6, pp. 51-56.

108



PUECH P. F., PRONE A. (1979). Reproduction experimentale des processes d’usure dentaire par
abrasion: implications paleoecologique chex |’Homme fossile, in “Comptes Rendus de 1’Academie
des Sciences Paris”, 289, pp. 895-898.

PUECH P. F., PRONE A., ALBERTINI H. (1981). Reproduction experimentale des processus
dalteration de la surface dentaire par friction non abrasive et non adhesive: application a [’etude
de alimentation de L’Homme fossile, in “Comptes Rendus de I’Academie Sciences Paris”, 293, pp.
729-734.

PUECH P. F., PRONE A., KRAATZ R. (1980). Microscopie de ['usure dentaire chez [’homme fossile:
bol alimnetaire et environnement, in “Comptes Rendus de 1’ Academie des Sciences Paris”, 290, pp.
1413-1416.

QUAGLIATI P. (1896). Appunti delle scoperte paletnologiche di Domenico Ridola nel materano, BPI
XXII, pp. 287-289.

RABKIN S. (1943). Dental conditions among some prehistoric Indians of Kentucky, in “J. Dent.
Res.”, 22, pp. 355-371.

RAFFERTY K. L., TEAFORD M. F., JUNGERS W. L. (2002). Molar microwear of subfossil lemurs:
improving the resolution of dietary inferences, in “J. Hum. Evol.”, 43, pp. 645-657.

REITSEMA L. J. (2013). Beyond Diet Reconstruction: Stable Isotope Applications to Huma
Physiology, Healt and Nutrition, in “American Journal of Human Biology”, 25, pp. 445-456.

RENSBERGER J. M. (1978). Scanning electron microscopy of wear and occlusal events in some small
herbivores, in BUTLER P. M., JOYSEY K. A. (Eds.), “Development, Function and Evolution of
Teeth”, Academic Press, New York, pp. 415-438.

RENSBERGER J. M. (1982). Patterns of change in two locally persistent successions of fossil
Aplodontid rodents, in KURTEN B. (Ed.), “Teeth: Form, Function, and Evolution”, Columbia
University Press, New York, pp. 323-349.

RICHARDS M. P. 2002. A4 brief review of the archaeological evidence for Palaeolithic and Neolithic
subsistence, in “Eur J Clin Nutr”, 56, pp.1270-1278.

RICHARDS M.P., PRICE T.D., Kock E. (2003). Mesolithic and Neolithic subsistence in Denmark:
new stable isotope data, in “Curr Anthropol”, 44, pp. 288-295.

RIDOLA D. (1901). La Paletnologia del Materano, “Bullettino di Paletnologia Italiana”, XXVII, pp.
27-41.

RIDOLA D. (1912). La Grotta dei Pipistrelli e la Grotta Funeraria, Matera.

RIEDEL A. (1996). Archaeozoological investigations in North-Eastern Italy: The exploitation of
animals since the Neolithic, in “Preistoria Alpina”, 30, pp. 43-94.

ROMERO A., DE JUAN J. (2012). SEM, teeth and palacoanthropology: the secret of ancient human

diets, in SCHATTEN H., “Scanning Electron Microscopy for the Life Sciences”, Cambridge:
Cambridge University Press, pp. 236-256.

109



ROMERO A., RAMIREZ-R0zz1 F. V., DE JUAN J., PEREZ-PEREZ A. (2013). Diet-Related Buccal
Dental Microwear Patterns in Central African Pygmy Foragers and Bantu-Speaking Farmer and
Pastoralist Populations, in “PLoS ONE”, 8(12): e84804.

ROscH M. (1998). The history of crops and crop weeds in south-western Germany from the
Neolithic period to modern times, as shown by archaeobotanical evidence, in “Vegetation History
and Archaeobotany”, vol 7, Issue 2, pp. 109-125.

ROSE J. C. (1977). Defective enamel histology of prehistoric teeth from illinois, in “Am. J. Phys.
Anthropol.”, vol. 46, Issue 3, pp. 439-446

ROSE J. C., ARMELAGOS G. J., LALLO J. W. (1978). Histological enamel indicator of childhood
stress in prehistoric skeletal samples, in “Am. J. Phys. Anthropol.”, 49, pp. 511-516.

Rose J. C., CoNnDON A.W., GOODMAN A. H. (1985). Diet and dentition: developmental
disturbances, in GILBERT R. 1., MIELKE J. (Eds.), “The Analysis of Prehistoric Diets”, Academic
Press, New York, pp. 281-305.

ROSE J. C., UNGAR P.S. (1998). Gross wear and dental microwear in historical perspective, in Alt
K.W., Rosing F.W., Teschler-Nicola M. (Eds.), “Dental Anthropology: Fundamentals, Limits,
Prospects”, Gustav-Fischer, Stuttgart, pp. 349¢386.

ROTHSCHILD B.M. (2012), Extirpolation of the Mythology That Porotic Hyperostosis Is Caused by
Iron Deficiency Secondary to Dietary Shift to Maize, “Advances in Anthropology”, vol 2 (£), pp.
157-160.

ROTHSCHILD B.M (2000). Porotic Hyperostosis as a manifestation of iron deficiency?, “Chungara
(Arica)”, v. 32, n.1, pp. 85-87.

RoTHSCHILD B.M., RUHLI F. J., SEBES J., NAOLES V., BILLARD M. (2004), Relationship between
Porotic Hyperotosis and Cribra Orbitalia?, “Paleobios”, 13.

RoOTTOLI M. (2001). Analisi archeobotaniche: i macroresti vegetali. Castellaro del Vho. Campagne
di scavo 1996-1999. Scavi delle civiche raccolte archeologiche di Milano, FRONTINI P. (ed.). in
“Raccolte Archeologiche e Numismatiche”, Milano, pp. 175-195.

RYAN A. S. (1981). Anterior dental microwear and its relationship to diet and feeding behavior in
three African primates (Pan troglodytes troglodytes, Gorilla gorilla gorilla, and Papio hamadryas),
in “Primates”, 22, pp. 533-550.

RYAN A. S. (1979). Wear striation direction on primate teeth: A scanning electron microscope
examination, in “Am J Phys Anthropol”, 50 (2), pp: 155-168.

SALAZAR-GARCIA D.C., BENITEZ DE LUGO ENRICH L.B., ALVAREZ GARCiA H.J ., BENITO SANCHEZ
M. (2013). Estudio diacronico de la dieta de los pobladores antiguos de Terrinches (Ciudad Real) a

partir del andlisis de isotopos estables sobre restos oseos humanos, Rev. Esp. Antrop. Fis., 34, pp.
6-14.

SALVADEI L., SANTANDREA E. (2003). Condizioni di vita e stato di salute nel campione neolitico di

Masseria Candelaro (FG), in “Atti della XXXV Riunione Scientifica dell’Istituto Italiano di
Preistoria e Protostoria”, L.I.LP.P., Firenze, pp. 829-834.

110



SARNAT B. G., SCHOUR L. (1989). J. Am. Dent. Assoc., 28 (1941).

SAUNDERS S. R., KEENLEYSIDE A. (1999). Enamel hypoplasia in a Canadian historic sample, in
“Am. J. Hum. Biol.”, 11, pp. 513-524

SCATTARELLA V., SUBLIMI SAPONETTI S., EMANUEL P. (2005). Il Sepolcreto Ipogeo: Aspetti
Antropologici, in LAROCCA F. (a cura di), “La miniera pre-protostorica di Grotta della Monaca
(Sant’Agata di Esaro - Cosenza)”, Centro Regionale di Speleologia “Enzo dei Medici”, Roseto
Capo Spulico (CS), pp. 67-71.

SCHEPARTZ LYNNE A., PAPATHANASIOU A., MILLER-ANTONIO S., STOCKER S. R., DAvis J. L.,
MURPHY J. M. A., MALAPANI E. AND RICHARDS M. (2011). No Seat at the Table?
Mycenaean Women'’s Diet and Health in Pylos, Greece, in “Anthropology a la carte”, pp. 359-374.

ScHMIDT C. W. (2010). On the relationship of dental microwear to dental macrowear, in
“American Journal of Physical Anthropology”, 142(1), pp. 67-73.

SCHOENINGER M. J. (1979). Diet and Status at Chalcatzingo: Some Empirical and Technical
Aspects of Strontium Analysis, in “American Journal of Physical Anthropology”, 51, pp. 295-310.

SCHOENINGER M. J. (2011). Diet reconstruction and ecology using stable isotope ratios, in LARSEN
C. S. (editor), “A companion to biological anthropology”, Chichester: Wiley-Blackwell.

SCHOENINGER M. J., DE NIRO M. J. (1984). Nitrogen and carbon isotopic composition of bone
collagen from marine and terrestrial animals, in “Geochim Cosmochim Acta”, 48, pp. 625-639.

Schoeninger M. J., DeNiro M. J., Tauber H. (1983). Stable nitrogen isotope ratios of bone collagen
reflect marine and terrestrial components of prehistoric human diet, in “Science”, 220, pp. 1381-3.

SCHOENINGER M. J., HALLIN K., REESER H., VALLEY J. W., FOURNELLE J. (2003). Isotopic alteration
of mammalian tooth enamel, “International Journal of Osteoarchaeology”, 13, pp. 11-19.

ScHWARCZ H. P. (1991). Some theoretical aspects of isotope paleodiet studies, in “Journal of
Archaeological Science”, 18, pp. 261-275.

SCcHWARCZ H. P., SCHOENINGER M. J. (1991). Stable isotope analyses in human nutritional ecology,
in “Yearb Phys Anthropol”, 34, pp. 283-321.

SKINNER M. F., GOODMAN A. H. (1992). Anthropological uses of developmental defects of enamel,
in SAUNDERS S. R., KATZENBERG A., “Skeletal Biology of Past Peoples: Research Methods”, New
York: Wiley-Liss, pp. 153-174.

SHARP, Z. (2007). Principles of stable isotope geochemistry, Pearson Prentice Hall, Upper Saddle
River, NJ.

SHARP Z., CERLING T. C. (1996). A4 laser GC—IRMS technique for in situ stable isotope analyses of
carbonates and phosphates, in “Geochimica et Cosmochimica Acta”, 60 (15), pp. 2909-16.

SHEIE AAA. (1989). Modes of action of currently know chemical anti-plaque agents other than
chlorhexidine, in “J. Dent. Res.”, 68, pp. 1609-1616.

111



StMPSON S. W., HUTCHINSON D. L., LARSON C. S. (1990). Coping with stress. tooth size, dental
defects and age at death, in “Anthropol. Papers Am. Museum Nat. History”, 68, pp. 66-77.

SMITH B. H. (1984). Patterns of molar wear in hunger-gatherers and agriculturalists, in “American
Journal of Physical Anthropology”, 63(1), pp. 39-56.

SMITH C. 1., CRAIG O. E., PRIGODICH R. V., NIELSEN-MARSH C. M., JANS M. M. E., VERMEER C.,
COLLINS M. J. (2005). Diagenesis and survival of osteocalcin in archaeological bone, in “Journal of
Archaeological Science”, 32, pp. 105-13.

SMITH B. N., EPSTEIN S. (1971). Two categories of *C/'°C ratios for higher plants, in “Plant
Physiology”, 47, pp. 380-4.

SMITH B. G. N., KNIGHT J. K. (1984). Br. Dent. J., 157, 16.
SoLOMONS N. W., KEUSH G. T. (1981). Nutr. Rev., 39 (149).

STEELE D. G. (1976). The Exstimation of Sex on the Basis of the Talus and Calcaneus, in
“American Journal of Physical Anthropology”, n. 45, pp. 581-588.

STIGLIANO M. (1980). Bibliografia speleologica della Calabria con elenco catastale delle cavita, in
“Quinto Annuario”, Comitato Scientifico del Club Alpino Italiano-Istituto di Geologia e Geofisica
(Universita di Napoli), Napoli.

STEWART T. D. (1931). Dental caries in Penrvian skulls, in “Am J Phys Anthropol”, 15, pp. 315-
326.

STODDER A. L. W. (1997). Subadult stress, morbidity and longevity in Latte Period populations on
Guam, Mariana Islands, in “Am. J. Phys. Anthropol.”, 104, pp. 363-380.

STROUHAL E. (1983). Paleopathology of dentition of the ancient Egyptians for Abusir, in “Garcia de
Orta Ser Antropolpbiol Lisboa”, 3, pp.168-172.

STUART-MACADAM P. (1992a). Anemia in Past Populations, in STUART-MACADAM P., KENT S.
(editors.), Diet, Demography and Desease: Changing Perspectives on Anemia, New York: Aldine
de Gruyter P., BAR Int Ser, pp. 151-170.

STUART-MACADAM P. (1992b). Porotic Hyperhostosis: A New Prospective, in “Am J Phys
Anthropol”, 87, pp. 39-47.

STUART-MACADAM P. (1991). Anemia in Roman Britain: Poudbury Camp, BAR Int Ser 567, pp.
101-113.

STUART-MACADAM P. (1987a). A Radiographic Study of Porotic Hyperostosis, in “Am J Phys
Anthropol”, 74, pp. 511-520.

STUART-MACADAM P. (1987b). Porotic Hyperhostosis: New Evidence to Support the Anemia
Theory, “Am J Phis Anthropol. ”, 74, pp. 511-520.

STUART-MACADAM P. (1987c¢), Porotic Hyperhostosis.: Relationship between Orbital and Cranial
Vault, in “American Journal of Physical Anthropology”, 80, pp. 187-193.

112



STUART-MACADAM P. (1985). Porotic Hyperostosis: Representative of a Childhood Condition, in
“American Journal of Physical Anthropology”, 66, pp. 391-398.

STUART-MACADAM P. (1982). 4 Correlative Study of Paleopathology of the Skull, Ph.D. thesis,
Department of Physical Anthropology, University of Cambridge.

STUART-MACADAM P., KENT S. (1992). Diet, Demography and Desease: Changing Perspectives on
Anemia. New York: Aldine de Gruyter P., BAR Int Ser 567, pp. 101-113.

SALLARES R. (2013), Fertilizer, in BAGNALL R., BRODERSEN K., CHAMPION C. B., ERSKINE A.,
HUEBNER S. R. (EDs.), “The Encyclopedia of Ancient History”, Blackwell, Oxford, pp. 2658-2659.

TAFURI M. A., CRAIG O. E., CANCI A. (2009). Stable isotope evidence for the consumption of millet
and other plants in Bronze Age Italy, in “Am. J. Phys. Anthropol.”, 139, pp. 146-153.

TAGLIACOZZO A. (1994). I dati archeologici, in PERONI, TRUCCO, pp. 587-652.

TAUBER H. (1981). /°C evidence for dietary habits of prehistoric man in Denmark, in “Nature”, 292,
pp. 332-333.

TEAFORD M. F., (2006). What do we know and not know about dental microwear and diet?, in
UNGAR P. S. (Ed.), “Evolution of the Human Diet: The Known, the Unknown, and the
Unknowable”, Oxford University Press, New York.

TEAFORD M. F., (1994). Dental microwear and diet in extant and extinct Theropithecus:
preliminary analyses, in JABLONSKI N.G. (Ed.), “Theropithecus: The Life and Death of a Primate
Genus”, Cambridge University Press, Cambridge, pp. 331-349.

TEAFORD M. F., (1991). Dental microwear: what can it tell us about diet and dental function?, in
Kelley M. A., Larsen C. S. (Eds.), “Advances in Dental Anthropology”, Alan R. Liss, New York,
pp- 341-356.

TEAFORD M. F. (1988). 4 review of dental microwear and diet in modern mammals, in “Scan
Microsc”, 2, pp. 1149-1166.

TEAFORD M. F., LARSEN C. S., PASTOR R. F., NOBLE V. E. (2001). Dental microwear and diet in La
Florida, in LARSEN C.S. (Ed.), “Bioarchaeology of La Florida”, University of Florida, Gainesville,
pp- 82-112.

TEAFORD M. F., WALKER A. (1984). Quantitative differences in dental microwear between primate
species with different diets and comment on the presumed diet of Sivapithecus, in ‘“American

Journal of Physical Anthropology”, 64, pp. 191-200.

Topp T. W. (1921). Age changes in the pubic bone, in “American Journal of Physical
Anthropology”, vol. IV, issue 1.

TRIANTAPHYLLOU S., RICHARDS M. P., ZERNER C. AND VOUTSAKI S.(2008). Isotopic dietary

reconstruction of humans from Middle Bronze Age Lerna, Argolid, Greece. in “Journal of
Archaeological Science”, 35, pp. 3028-3034.

113



Tunzi S1sTo A. M. (2005). Gli Avori di Trinitapoli, in VAGNETTI L., BETTELLI M., DAMIANI 1.,
“L’avorio in Italia nell’eta del Bronzo”, Roma, pp. 47-58.

TuNzI S1ISTO A. M. (1999), Ipogeo dei Bronzi, in “Ipogei della Daunia. Preistoria di un territorio”,
Foggia, pp. 184-216.

TuNzI SISTO A. M. (1997), Ipogei della Daunia. Culti e riti funerari della media eta del Bronzo,
Catalogo della mostra, Comunita Montana del Gargano, Foggia.

TURNER C. G. 11 (1979). Dental anthropological indications of agriculnrre among Jomon people of
central Japan, in “Am J Phys Anthropol” 51, pp. 619-636.

TURNER C. G. II, CADIEN J. D. (1969). Dental chipping in Aleuts, Eskimos and Indians, in
“American Journal of Physical Anthropology”, 31, pp. 303-310.

TURNER C. G., CHEWICHE MACHADO L. M. (1983). American Journal of Physical Anthropology,
61, 125.

UBELAKER D. H. (1989). Human Skeletal Remains: Excavation, Analysis, Interpretation,
Taraxacum, Washington.

UNGAR P. S. (2002). Microware software, version 4.02. A semiautomated image analysis system for
the quantification of dental microwear, Self published, Fayetteville, AR.

UNGAR P. S. (1998). Dental allometry, morphology, and wear as evidence for diet in fossil
primates, in “Evol. Anthropol.”, 6, pp. 205-217.

UNGAR P. S. (1995). 4 semiautomated image-analysis procedure for the quantification of dental
microwear .2, in “Scanning”, 17 (1), pp. 57-59.

UNGAR P. S., ScotT J. R., STEININGER C. M. (2016). Dental microwear differences between eastern
and southern African fossil bovids and hominins, in “S AfrJ Sci.”, 112 (3/4).

UNGAR P. S., ScotT R. S., ScoTT J. R., & TEAFORD M. (2008). Dental microwear analysis:
Historical perspectives and new approaches, in IRISH J. D. & NELSON G. C. (Eds.), “Technique and
application in dental anthropology”, New York: Cambridge University Press, pp. 389-425.

UNGAR P. S., WALKER A., COFFING K. (1994). Reanalysis of the Lukeino molar (KNM-LU 335), in
“Am. J. Phys. Anthropol.”, 94, pp. 165-173.

VAGNETTI L. (1982). Magra Grecia e mondo miceneo. Nuovi documenti, Taranto.

VALSERIATI E. (2009). Analisi Paleopatologiche: Il Caso di Ballabio, Tesi di Laurea Specialistica
in Biologia dello Scheletro Umano, Facolta di Scienze Matematiche, Fisiche e Naturali, Universita
degli Studi di Ferrara, pp. 48-77.

VALSECCHI V., TINNER W., FINSINGER W., AMMANN B. (2006). Human impact during the Bronze

Age on the vegetation at Lago Lucone (Northern lItaly), in “Vegetation History and
Archaeobotany”, 15, pp. 99-113.

114



VAN DER MERWE N. J., VOGEL J. C. (1978). 3C content of human collagen as a measure of
prehistoric diet in the late wooland North America, in “Nature”, 276, pp. 815-816.

VAN KLINKEN G. J. (1999). Bone collagen quality indicators for palaeodietary and radiocarbon
measurements, in “Journal of Archaeological Science”, 26, pp. 687-695.

VANZETTI A. (1999). Combinazioni di corredo delle sepolture all’interno dell’Ipogeo dei Bronzi di

Trinitapoli, in TUNZI SISTO A. M., “Ipogei della Daunia. Preistoria di un territorio”, Foggia, pp.
222-226.

VANZETTI A. (2000). Broglio di Trebisacce nel quadro dell’Italia meridionale, in HARARI M.,
PEARCE M., “Il Protovillanoviano al di qua e al di la dell’Appennino”, Atti del Convegno (Pavia,
1995), Como, pp. 133-71.

VARALLI A., MOGGI-CECCHI J., MORONI A., GOUDE G. (2016 a). Dietary Variability During Bronze
Age in Central Italy: First Results, in “International Journal of Osteoarchaeology, 26, pp. 431-446.

VARALLI A., MOGGI-CECCHI J., DORI 1., BOCCONI S., BORTOLUZZI S., SALZANI P., TAFURI M. A.,
(2016 b). Dietary continuity vs. discontinuity in Bronze Age Italy. The isotopic evidence from Arano
di Cellore (Illasi, Verona, Italy), in “Journal of Archaeological Science: Reports”, 7, pp. 104-113.

VOGEL J. C., VAN DER MERWE N. J. (1977). Isotopic evidence for early maize cultivation in New
York State, in “Am. Antiqu.”, 42, pp. 238-242.

WALKER A. (1981). Diet and teeth, dietary hypotheses and human evolution, in “Philosophical
Transactions of the Royal Society of London”, 292(B), pp. 57-64.

WALKER A. (1980.) Functional anatomy and taphonomy, in BEHRENSMEYER, A. K., HILL, A. P.
(EDS.), “Fossils in the Making”, University of Chicago Press, Chicago, pp. 182-196.

WALKER P.L., BATHURST R. R., RICHMAN R., GJERDRUM T., ANDRUSHKO V. A. (2009). The causes
of Porotic Hyperostosis and Cribra Orbitalia: a reappraisal of the Iron-Deficiency Anemia
hypothesis, “America Journal of Physical Anthropology”, n. 139, pp. 109-125.

WALKER A., HOECK H. N., PEREZ L. (1978). Microwear of mammalian teeth as an indicator of diet
in “Science”, 201, pp. 908-910.

WALKER A., TEAFORD M., (1989). Inferences from quantitative analysis of dental microwear, in
“Folia Primatol.”, 53, pp. 177-189.

WANG Y., CERLING T. E. (1994). A model of fossil tooth and bone diagenesis: implications for
paleodiet reconstruction from stable isotopes, in “Palaeogeography, Palaeoclimatology,
Palaeoecology”, 107, pp. 281-9.

WASSENAAR L. 1. (2008). An introduction to light stable isotopes for use in terrestrial animal
migration studies, in HOBSON K. A., WASSENAAR L. ., “Tracking Animal Migration with Stable
Isotopes”, Academic Press, San Diego, pp. 21-44.

WHITE C. D. (1993). Isotopic determination of seasonality in diet and death from Nubian mummy
hair, in “Journal of Archaeological Science”, 20, pp. 657-666.

115



WHITE T. D., FOLKENS P.A. (1991). Human Osteology, Academic Press, Inc., London.
WINTER G. B., BROOK A. B. (1975). Dent. Clin. North Am., 19.

WORKSHOP OF EUROPEAN ANTHROPOLOGIESTS (WEA) (1980). Recommendation for Age and Sex
Diagnoses of Skeletons, in “Journal of Human Evolution”, n. 9, pp. 517-549.

116



