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Abstract

The project focuses on the study of the exploitatd the vegetal species in Sardinia
during the Archaic and Punic period, analysing w@genacroremains recovered on
archaeological sites dated from tH& @ the & century BC. It centres in particular on
seeds and fruits which proceed from coastal ancewater sites, where the special
environment enabled an optimal preservation of éhosganic materials. The sites
selected for the study were the Mistras LagoorCentral-West Sardinia, identified as
the harbour of Tharros during th&-3" century BC; the Santa Giusta Lagoon, also in
central-west Sardinia, interested by the presericanounderwater site of uncertain
interpretation, connected with the neighbouring ot Othoca, and the coast of Nora-
Pula in South Sardinia.

The vegetal macroremains found during differenthaeological excavations on the
Mistras Lagoon, thanks to the systematic samplfrijeostratigraphic units, were subject
to archaeobotanical analysis. They were selectddstudied at the stereomicroscope,
identifying thetaxa thanks to modern reference collections and bashm@ittases. The
study put in evidence the great presence of maltiyaied species, starting from cereals
and pulses, continuing with extremely high percgesaof grapevine and fig, and a variety
of other plants as olive, plum, pomegranate, metbfierent types of nuts, and the
unprecedented finding of aromatic plants as thender and the dill. The spontaneous
vegetation recorded depicts from one side the poesef species typical of wetlands, as
well as other characteristics of the Mediterraneaaquis more importantly the
abundance of ruderal plants is attested, indicamgnvironment highly influenced by
human activities, and in particular by the presesicpastures and cultivations. All the
data seem to point to a pretty intensive developroktine agriculture in the area during
that period, characterised by a diversificationhaf cultures.

From the Santa Giusta Lagoon was analysed the oot transport amphora, dating
to the Archaic period. Abundant grape pips werantbirtom the sieving of the sediment,
in association with animal bones, presumably otaprtid. This type of content is well
known from past findings from the same lagoon andfother underwater sites of the
Island; the most accepted hypothesis interprets the the evidence of some sort of
preservation of the meat in a by-product of thepgvane. The great novelty of the new

finding analysed in the present study is that aBnhdemains of coriander were also



found in the content; the spice, attested heraraNtistras for the first time in a Sardinian
context, could have been used as an ingrediemtéopeculiar meat product.

The archaeobotanical analysis were integrated gy niorphometric study of the
endocarps oDlea europaed.. and of the pips oYitis viniferaL. The digital images
obtained from the scanning of the olive endocaopad in Mistras and Santa Giusta were
compared to the images of modern endocarp sampéesgining to the wild and the
cultivated subspecies. The morphometric and stalsinalysis revealed the presence of
wild morphotypes in the Santa Giusta Lagoon, aramofxture of wild and domesticated
ones in Mistras. In addition, the endocarps fronsthdis attributable to the domesticated
subspecies, found a great affinity with some ofrtiast typical cultivar actually grown
in the Island.

Analogously, the grape pips selected in MistrasSamta Giusta, and in Nora, were
compared thanks to morphometric analysis to mosi@anmples of wild and domesticated
grapevine. Each one of the archaeological groupsated a predominant presence of
domesticated morphotypes. Moreover, the existenicalifberent varieties in the
assemblages was proved, corroborating the hypstbaghe high degree of development

reached by the viticulture in the period under gtud






I ntroduction

State of knowledge on the rural exploitation of Archaic and Punic Sardinia (8"-7t"
to 3'9century BC).

The data on the relationship between man and thetalesystem during the Archaic and
Punic period in Sardinia are at the moment fewaite fragmentary. They do not enable
a paleoenvironmental reconstruction on a largeescalan exhaustive knowledge on the
vegetal species cultivated and exploited by mamweier, valuable information can be
recollected from several archaeological researbletts during the past decades, which
focus in different ways on the rural exploitation.

The archaeobotanical field of research is the dmewgives the most direct information
on vegetal species exploited or influenced by nerakiour. This approach concerns the
study of vegetal microremains as pollen and phytslithe analysis of wood and charcoal,
included in the subdisciplines of xylology and aatiology, and the carpology, which
takes into considerations all other type of vegetatroremains, such as seeds, fruits and
leaves (for an overview on archaeobotanical proe=dsee Pearsall 2015).

The first report on vegetal remains found in a B#ad Punic site comes from the Santa
Gilla lagoon, near Cagliari. At the end of thd"t@ntury two excavation campaigns were
held inside the lagoon, in the locality called Saddru (Vivanet 1892; 1893; Levi 1937).
The excavations revealed the presence of an akghidh were dispersed different types
of materials, comprising manufactured wood, intetgd as the remains of a palisade,
Punic transport amphorae, bones of ovine and bawiplart contained into the amphorae,
in part scattered in the area, clay figures of ymesd deities, humans, animals, and
anatomic parts as hands and feet, interpretex a&sto(Vivanet 1892; 1893; Moscati et
al. 1991). The wood of the presumed palisade walysed by Patrizio Gennari, Professor
of the University of Cagliari and director of thetnic Garden of the University, and
recognised aglimus glutinosgVivanet 1893). Another archaeobotanical data giasn

by the amphorae content; some of the ones whictared animal bones were full of
nuts, recognised &orilus avellanaas well as pinecones identifiedRisus lariciaand
Pinus silvestris according to the 19c. classification and terminology; the pinecones
were sometimes used as stoppers (Vivanet 1892; 1888 same area of the lagoon was
investigated also during more recent years, wheremwood elements, clay figures and

transport amphorae were found (Zucca 1993; SoEn@sru 2005).



Another site of great interest is the maritime eahinvestigated in front of the ancient
Nora, in the municipality of Pula in southern Sardj between the Seventies and Eighties
of the 20" century by a French mission authorised by the i@aghrchaeological
Superintendence (the reports of the investigatioange recently been collected and
published in Bonetto 2014). During the different@xation campaigns were recovered
hundreds of transport amphorae and other matepéldifferent age, although
predominantly Punic (Bertelli 2014). The numeroughaic and Punic transport
amphorae found contained in many cases animal nsnatributed to ovicaprids and
bovids (Poplin 2014). Moreover, inside of some I tontainers, the animal remains
were in association with grape pips, pertineniitts viniferassp.vinifera (Marinval &
Cassien 2001); the peculiar finding inspired thediliesis of an original content
constituted by salted meat, confectioned with tbecarrence of a by-product of the
grapevine, with a procedure similar to that desdibn the much later byzantine
agronomical texGeoponicaXIX, 9) (Poplin 1980; Marinval & Cassien 2001).
Sporadic findings of vegetal macroremains procaednfa variegated selection of
contexts. In the necropolis of Monte Sirai, insaldeminine incineration tomb dated
around the 580 BC, was found a ceramic pastry helaedprint of some grape pips was
observed in the surface of this domestic objeesgpmably produced involuntarily during
its fabrication (Bartoloni 1988). The presence @&pg pips, attributed to ssgylvestris
was also recorded in the Punic phase of the nur@yhe Comidu in Sardara (Bakels
2002). In the underwater context of the port ofi@Nere found Late-Punic transport
amphorae, some of which contained nuts and pinsd@edlarés 1987).

More recent excavations were held on two Puni sitehe hinterland of Terralba, as a
part of an ample project of landscape archaeologyded on the rural exploitation of the
territory (van Dommelen et al. 2010; 2012; van Dagten & Gomez 2012). The sites
excavated, Pauli Stincus and Truncu 'e Molas, rexetine presence of two rural farms.
In particular, the site of Truncu ’'e Molas providedteresting data from an
archaeobotanical point of view. In fact the sitecupied from the Bto the 29 century
BC, has been interpreted as a settlement spedalisthe cultivation of the grapevine
and the production of wine on a large scale, thaokbke documentation of a pressing
structure in which interior were still present sogrape pips; moreover, two pruning
knifes, apt for working on the grapevine, were fouiPérez-Jorda et al. 2010; van
Dommelen et al. 2010; 2012; van Dommelen & Gomel2P0Apart from the findings

related to the viticulture and vinification, the adysis revealed the presence of
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macroremains of ruderal plantsBeta vulgaris Lolium sp.,Galium sp. andSypsophila
sp., while no cereals were attested, supportindnyipethesis of the specialisation of the
site in practices more related to other agricultacivities (Pérez-Jorda et al. 2010; van
Dommelen et al. 2010; 2012; van Dommelen & GOmel22Between the species that
were identified thanks to anthracological analysesjeral trees and shrubs are attested,
in great part attributed t&rica sp., Pistacia lentiscusOlea europaeaand in minor
proportions tdalixsp.,Arbutus unedgPistacia terebinthusPinus halepensiandCistus
sp.; it is assumed that these species do not rexdgsepresent the vegetation of the
immediate surroundings of the site, as the woaahstrorted to the settlement to be used
for several purposes, could have also been cotldoben a certain distance (Pérez-Jorda
et al. 2010; van Dommelen et al. 2012). Additiodata on the intense agricultural
exploitation of the hinterland of Terralba duriing tMiddle-Punic and Late-Punic period
come from the excavation of Pauli Stincus, and ftemitorial geomorphological and
pedological analysis, that revealed the presengdosfed lands in different areas (van
Dommelen & Gomez 2012).

Going to the central part of the gulf of Oristanmportant data come from the
waterlogged site of the Santa Giusta lagoon, wprelsents important analogies with the
discoveries of the Santa Gilla lagoon already cibeside the Santa Giusta lagoon, large
areas are characterised by the presence of sch#erbkaeological remains, the most
evident being transport amphorae and manufactucediytwo main phases of formation
of the site were recognised, one dating to thé&ginning % century BC and the other
to the 3%-2" century BC (Del Vais & Sanna 2009; 2012). In addito the cited wood
elements, that at least in part could be attribtweloloats, the anoxic conditions, created
by the waterlogging and by the fact that the makerare englobed in a thick layer of
mud, enabled the preservation of other organic isreauch as seeds and fruits (Del Vais
& Sanna 2009; 2012). A great amount of these végsaroremains were found inside
the transport amphorae, but also in the sedimeastdmithem, perhaps as a consequence
of the fact that the vessels were not sealed oldsadhe lids, and in many cases presented
fractures (Del Vais & Sanna 2009; 2012; Sabatd.€2(.9). Vitis viniferaseeds were
recovered in all the samples that were analyseatinene frequently associated inside the
amphorae with bones of ovicaprids and bovids (Dek\& Sanna 2009; 2012), as in the
case of Nora (Marinval & Cassien 2001). The deththe carpological analysis already
published, and of the results proceeding from rniadirigs, will be discussed in detail in

the chapters of the present work, but we can far point out the presence of pinecones,
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of several types of nuts, and of cultivated andlvinlits (Del Vais & Sanna 2009; 2012;
Sabato et al. 2019).

Variegated data proceed from the excavations ofrdkain the northern part of the gulf
of Oristano, and from the surveys in its hinterlaDdring the excavations held in the
Eighties and Nineties in thefet of the city, a typical Punic sanctuary in whichreve
deposed urns containing incinerated remains ohtsfaeveral types of archaeobotanical
analysis were held; they comprised palynologicdlytpliths, and anthracological
analysis; the study was also integrated by therghgen of the contemporary vegetation
and characteristics of the hinterland, enablingsh #ssessment on the potentiality of the
territory, in order to make more founded hypothesisthe possible evolution of the
landscape in time (Nisbet 1980; Fedele 1979; 19883; Palmieri & Lentini 1994;
Acquaro et al. 2001; Lentini 1993; 1995; 2014). Phgtoliths and the charcoal found
on the cinerary urns revealed the use in the fupepstres of herbaceous species,
presumably proceeding from the immediate surrougslof the city, of shrubs typical of
the Mediterranean maquis, also at dispositionéreitea, a®. europaeandP. lentiscus
as well as the presence@tiercussp. (Nisbet 1980). The palynological analysisd it
only in the area of theofet but also in different locations on the hinterlardabled a
reconstruction of the vegetal environment of theaaand of its evolution; the changes,
attributed mainly to human factors, would havetsthalready from the Iron Age, in the
9" century BC, increasing significantly from th& &entury BC, when the data point to a
relevant loss of arboreal species and an incremieherbaceous ones (Acquaro et al.
2001; Lentini 2014). Indicators such as the sulostih of Quercus ilexwith Quercus
cocciferawere moreover interpreted as a sign of deforestapiossibly produced to open
new areas to cultivation (Palmieri & Lentini 1994ntini 1993; 1995; 2014). However,
the Punic era do not show tendencies to extensoreonultures; on the contrary a wide
variety of cultivated, or at least cultivable sms;iwas registered, a5 viniferg O.
europaeaPrunussp. and so on (Acquaro et al. 2001). On the ddlts, it is true that
after the end of thecentury BC the situation continues to change @sgjvely, until
an absolute predominance of cereals during thevialg Roman era (Acquaro et al.
2001; Palmieri & Lentini 1994; Lentini 1993; 199%)14). More recent palynological
analysis were executed on coring samples extraotéte area of Mistras, the lagoon
adjacent to Tharros, recognised as its harboumgufie Archaic and Punic period
(Pascucci et al. 2018; Del Vais et al. 2020); thlsp suggest an incrementation of the
fires and of anthropic activities during the Pupé&riod (Di Rita & Melis 2013). The
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harbour context of the Mistras lagoon has been stnyated with multiannual
archaeological and geomorphological surveys andwatmons (Pascucci et al. 2018; Del
Vais et al. 2008; 2010; 2020), and the extremdbyant archaeobotanical results of these
campaigns will be discussed in the following chegpte

Recent acquisitions come from the study of thenillennium occupation phases of the
site of S’Urachi, once again in Central-West Sded{man Dommelen et al. 2018; Pérez-
Jorda et al. 2020). The carpological analysisvsang the presence of a broad range of
cultivated plants; between them the cereals amresepted by riticum aestivum/durum
Hordeum vulgaressp.vulgare and in fewer quantities byanicum miliaceumand the
legumes byVicia fabg Lens culinarisand Pisumcf. sativum Vitis vinifera seems the
most attested among the fruit species, in assoniatith Ficus carica and Olea
europaea also attested is the presenceRafnica granatumsince the Iron Age, of
Cucumis melpand ofLinum usitatissimunfvan Dommelen et al. 2018; Pérez-Jorda et
al. 2020). Between the wild species were recorésdains ofPistacia lentiscusand
Prunus spinosaas well as herbaceous species pertaining to tyeer@ceae and
Polygonaceae families, and invasive plants@sim temulentunfvan Dommelen et al.
2018; Pérez-Jorda et al. 2020).

The analysis of the residual content of transporplaorae is equally important in the
reconstruction of the uses of plants. Chemicalyaiglheld on a transport amphora of
Sant’'Imbenia type, found on the Iron Age Il phakthe settlement of Cungiau e Funta,
therefore pertinent to the final Nuragic phase diatethe second half of thé'@entury
BC, revealed the presence of white wine (Del Vaial €2016/2017). A Punic amphora
from Nora, produced locally and pertinent to theriRa T-4.1.1.4., dated between the
end of the B and the first part of the4century BC (Ramon Torres 1995), contained
olive oil (Bordignon et al. 2005). Other vessels @#so reveal useful information, as in
the case of a Punic funeral vase dated to theeBtury BC, found in the necropolis of
Monte Sirai, that contained the residue of a prodecived fromCitrus sp. (Frére et al.
2012).

Finally, in the reconstruction of the rural aspextBunic Sardinia, some other researches
focusing on landscape archaeology should be medtidrhe interest of scholars on these
aspects started since the Sixties, with the impb#aetion of Ferruccio Barreca (Barreca
1988), followed in more recent years by the work@feral research groups operating in
different areas of the Island. Extensive researonesural sites and on the organisation

of the landscape were and are being held in theedteimd of Tharros (Tore & Stiglitz
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1987; Tore 1991, Stiglitz 2011; Del Vais 2014)the already cited territory of Terralba
(Zucca 1991, Artudi & Perra 1994; 1997; Annis 1988ppa 2008; van Dommelen et al.
2006; 2010; 2012; van Dommelen & GOmez 2012), @ Sulcis on the South-West
portion of the Island (Finocchi 2007), in the aoédNora (Botto & Rendeli 1998 ; Botto
et al. 2003; Finocchi 2000; 2002; Botto 2011) amthe Cagliari hinterland (Tronchetti
2004; Roppa 2013), revealing an intensive rurakpration, linked to agrarian activities,
and characterised by a high density of small reedlements, especially from th# 5
century BC (van Dommelen & Gomez Bell&d08; van Dommelen & Finocchi 2008;
Roppa & van Dommelen 2012; Del Vais 2014; Roppad201

The rural exploitation has been frequently putiation with the influence of the North-
African city of Carthage, that exercised a hegemaale on the Punic areas of central
Mediterranean (Barreca 1988; Manfredi 1993; Moseatal. 1997; Bernardini 2009;
Bechtold 2013b; Del Vais 2014; Secci 2016). Besidamic transport amphorae of
Sardinian production are frequently found in Cagthean contexts (Bechtold 2013a), but
this does not exclude that the great part of tinal pproduction was destined to the local
consumption of the same Sardinian territories.

The archaeobotanical data presented in the folipwehapters will provide new
information, that will add more elements to theorestruction of cultivated or exploitable
plants present in Sardinia during the Archaic amahi® period, as well as on wild
vegetation and on the evolution of the landscape.main focus of the study is on some
of the most remarkable sites already cited, theéeS@iusta and the Mistras lagoons, both
waterlogged sites in which the state of presermadicthe organic elements is optimal.
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Chapter 1

Plant exploitation and environmental indicators during the Archaic and Punic
period in Sardinia (Italy): new data from the harbour of Tharros (Mistras L agoon,
Cabras)

Introduction

The interest about the agrarian aspects in theomegbf the central and western
Mediterranean Basin interested by the presendeedPhoenicians and Punics during the
15! millennium BC started several decades ago (Iss28983; Barreca 1988; Lancel 1992;
Moscati et al. 1997; Krings 2000; Morel 2000). e last decades, a renewed effort on
territorial investigations put into light differeaspects of the exploitation of the territory
in various regions, as in the Iberian Peninsularr@@aro Pobrete 2007; Lopez Castro
2007 2008), in the island of Ibiza (Gémez Bella@®&), in North Africa (Fentress &
Docter 2008), Sicily and Malta (Spano Giammellatale 2008; Docter et al. 2012).
Researchers working in Sardinia were between teesitholars to produce investigations
on the subject, focusing on the ruralisation predéat involved the hinterland of the
major coastal settlements, and that seemed tolramaatense agricultural exploitation
of the territory (Barreca 1988). In Sardinia, tlffes to get light on the rural penetration
and the agricultural production have been and arécplarly evident, as proved by
several research programs involving nearly allateas interested by the Phoenician and
Punic presence, as well as various synthesis osuliect (Finocchi 2007; Botto 2011;
Roppa & van Dommelen 2012; van Dommelen et al. 2BRtppa 2013; 2014; Del Vais
2014; Secci 2016).

The increasing use of the archaeobotanical apprizachgreat help in giving a more
complete vision of the exploitation of plants dgrithis period, and of the impact of
human communities on the environment. Particulartgresting are in this sense the
carpological studies, involving the analysis ofrplanacroremains such as seeds and
fruits. Nowadays, even if the number of archae@algtontexts in Sardinia investigated
under this point of view is still not enormous, Wwave at disposition some valuable
information, starting from the findings of the undater contexts of Nora, in the South-
West (Marinval & Cassien 2001), of Olbia in the NweEast (Pallares 1987) and of the
Punic phases of the Nuraghe Orto Comidu of SangaBouth Sardinia (Bakels 2002).

More systematic investigations are being held resd sites on the central-western part
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of the Island, as in S’Urachi-San Vero Milis (vanrDmelen et al. 2018; Pérez-Jorda et
al. 2020), in the Santa Giusta Lagoon (Del Vaisafaisa 2009; 2012; Ucchesu et al. 2017;
Sabato et al. 2019b), and in Truncu 'e Molas-TbaalPérez-Jorda et al. 2010; van
Dommelen et al. 2010; 2012).

The present work focuses on the analysis of thet precroremains found in the Mistras
Lagoon, in the northern part of the gulf of Origian Central-West Sardinia (Fig. 1). The
lagoon has been recognised as the harbour of thefcTharros during the Archaic and
Punic period, from the7to the & century BC (Del Vais et al. 2020). The study gives
new and in-depth information about the presenadoaiesticated plants, some of which
first recorded on this site for what concerns Saadiand about human impact on the
vegetation of the region.

j, Tharros

Fig. 1 — The Mistras Lagoon (in the red rectangle), Gérwest Sardinia.

The archaeological context

The Mistras Lagoon has been systematically invattdy with an interdisciplinary
approach since 2003 by the University of Caglian, collaboration with the
Archaeological Superintendence of Cagliari, thevdrsity of Sassari and the Consiglio
Nazionale delle Richerche — CNR; the main purpdsth® research was to verify the

possible use of the area as a harbour during teg pgpothesis confirmed by the
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archaeological and geomorphological investigat{®ascucci 2018; Del Vais et al. 2008;
2010; 2020).

The plant macroremains here presented were reabveuging the stratigraphic
excavations held in 2014 and 2015 in the centes af the lagoon (Fig. 2), characterised

by the presence of a sandy barrier, formerly agudlaach (Pascucci et al. 2018).

Fig. 2 — On the left, the position of the two stratigrapéxcavations on the sandy barrier inside
the Mistras lagoon. On the right, the 2014 excavati

The excavations, situated at approximately 500 distince one from the other, put into
light a natural stratigraphy revealing the gradoaination of the palaeobeach (Pascucci
et al. 2018; Del Vais et al. 2020). The stratigsgmharacterised by an alternation of sand
andPosidonia oceanicf..) Delile, was rich in archaeological materialels as ceramics,
zooarchaeological remains, wood and other plantranamains (Del Vais et al. 2020;
Mureddu et al. 2020). As understandable for a harlsite (Sadori et al. 2015), the
findings may represent materials accumulated orptii@eoshore as a consequence of
human activities such as transhipment operations, atso of natural transport of
materials and sedimentation processes. The studtheoffindings, which is at a
preliminary stage, accompanied by a series of cadibon dating, revealed the presence
of materials datable from thd' 7o the ¥ century BC for the 2014 excavation, and from
the 3" to the ¥ century BC for the 2015 campaign (Pascucci e2Gil8; Del Vais et al.
2020). The waterlogged conditions enabled the pratien of the organic materials in

the lower layers of the stratigraphy correspondmthe shoreface deposits (Pascucci et
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al. 2018), where the prevailing presencdPofoceanicacontributed to the creation of
stable and anoxic conditions.

Materials and methods

During the excavations, the systematic samplinthefdifferent stratigraphic units was
put in place. Taking into regard the exceptionatitythe context, and the possibility to
recover completely new information, the choice wagroduce several samples for
stratigraphic unit, going from 2 | up to 20 | oflume, for a total of 117 samples. The
presence of carpological remains was so patent ahktt of specimens were also
recovered during the excavations. The sediment lesere sieved by wash-over in the
laboratories of the BG-SAR-HBK (Sardinian Germpla®ank — Hortus Botanicus
Karalitanus, University of Cagliari) (Porceddu ét2017), using different mesh sizes
from 1 mm until the mesh fraction of 0,25 mm. Tlkediment resulting from the sieving
was carefully examined at the stereomicroscopéirecovery of plant macroremains
and other small materials. At the present momemhalsamples have been sieved, and a
significant part of them have been screened forghevery of the materials.

The recovered plant macroremains were stored ondesd water at 5°C in the facilities
of the BG-SAR. They were identified thanks to thedarn reference collection of the
BG-SAR and of the Laboratory of Archaeology of thmiversity Paul Valéry-
Montpellier 3; furthermore, specific botanical a#a for the identification of seeds and
fruits were used (Bercht 1941; Beijerinck 1976; d®gen 1969; 1981; Anderberg 1994,
Jacomet 2006; Knapp 2006; Knorzer 2007; Cappeat @009; 2012; Cappers & Neef
2012; Neef et al. 2012; Cappers & Bekker 2013). Gharacteristics of the identified
taxa and the likability of their presence in the regiduring the period under
consideration, were verified thanks to modern ptafégrences and checklists (Mabberley
2017; Bartolucci et al. 2018; Pignatti 2017-201®J gaking into consideration the actual
characteristics of the flora of the microregionwmich the site is placed (Fenu &
Bacchetta 2008).

As the complete study of the site and the othatifigs is still under process, a precise
evaluation of the formation processes and chroryotddghe different stratigraphic units
is possible only in general terms at the momemretfore, also a comparison between
layers from the archaeobotanical point of view setiil premature. For this reason, we
will present in detail in this work only the resulbf some of the most relevant

stratigraphic units (named US — Unita Stratigrgfasecording to the acronym used in the
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documentation of excavations), providing a genevalview of the carpological results.
These US are the lower ones, pertaining to shaezefaposits, the US28, US32 and US34
of the 2014 excavation, and the US24, US25 and Wt 2015 excavation (Table 1).
The two campaigns are from now on indicated as MI&id MIS15.

A precise counting of the litres processed in thgecof the MIS14 stratigraphic units is
not possible, as the data add macroremains direstlyvered during the excavation, in
order to achieve a complete representation ohalindividuatedaxa On the contrary,
more precise indications about the MIS15 sampletmaonitored volumes is available;
in this case we considered only samples of 20mpdetely sieved and checked in search
of the macroremains. The use of large volumes waBilin the sense that it enabled the
recovery not only of important quantities of doneted and economically valuable
plant remains, but most of all because a large atafuvild herbaceousaxawould have
probably gone unobserved with lower quantities edfiments; they are in fact always
present in very small numbers, but representingda wariety of genus and species.

The macroremains were counted considering for spesties an entire element as a unit,
while all the fragmented specimens were considasellagments, with the exception of
Ficus carical. andVitis viniferaL. F. caricais in fact represented on the site by achenes
remains in such large quantities that a precisatoog would have been impossible: for
this reason, only a small portion of the achenesypying a predetermined volume, was
actually counted, and the whole quantities wereneséd according to the number of
analogous volumes occupied. The number of sedtie icase oY. viniferawas counted
taking into account the seed remains, entire agniented, in which the stalk was
preserved in its entirety, while all the specimefithiout stalk or with a fragmentary one

were considered as fragments.
Results

A total of 52.333 plant macroremains have beenve®al at the moment, representing

130taxa identified in most cases at species level (Tab. 1
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Site MI1S14 MI1S15
Stratigraphic un uUsS 2¢ US 3: US34 usS 2¢ UsS 2t usS 2¢ Total N.
Soil volume >20 | >40 | ca. 20 201 201 201
Taxa Plant part Preservation
Cereal
Hordeum vulgar L. subspvulgare fruit C 1 8*2 *3 3 4 16 *5
Hordeum vulgar L. subspvulgare var. nudun fruit C 1 4 1 6
Triticeac fruit C *11 *2 *9 *22
Triticum aestivur/durun fruit C 2 3*1 1 1 1 8*1
Triticum aestivur/dururr/turgidun type compactur fruit C 2 3 2 1 8
Pulse
Lens culinari: Medik. seel C *1 2*2 2 1 5*3
Pisum sativui L. seel C 1 1 2
Vicia fabe L. seel C 1 1
Qil and fiber plant
Linumusitatissimuni. cf. subspusitatissimum fruit c "9 14 " 1471
w *498 *815 *104 *293 *1710
Linum usitatissimurh. subspusitatissimum seed c 3 ! 4
W 4 *9 15 *22 *2 8 *7 27 *4C
Fruits and nui
Corylus avelland.. fruit W *2 *8 *3 *6 1*9 1*28
Cucumis mel L. seel W 1*5 3*1 1*2 5*8
Ficus carice L. fruit W 450( 1200( 32t 220( 235( 362¢ 2500(
Malus Mill. seel W 3 3
Morus nigre L. fruit W 1 1 1 3
Olea europaed.. endocarp c "L " 2
W *1 23 *20 4 *5 7 *16 34 *8 27 *1t 95 *6E
Pinus pined.. seel W *1 *6 *5 *12 *8 1*5 1*37
cone scal W 2 2
Prunus aviur (L.) L. endocar W 1 1
Prunus domesticL. endocar w 1 1 2
Prunus dulcigMill.) D.Webb endocar w *2 *16 *6 *40 5 *60 1*13 6 *137
Prunus spinosa. endocar w 1*3 13*17 3+%3 *4 7+6 3+ 27 %3¢
Punica granatur L. seel w 6 *30 53 *7¢ 11*26 5 *22 14 *1¢€ 6 *2 95 *17:
Vitis viniferaL. fruit W 1 1 5 7
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Aromatic plant
Anethum graveole L.

Coriandrum sativunt..

Shrub:

llex aquifoliurr L.
Juniperus oxycedri L.
Juniperus turbinatasuss.

Myrtus communis.

Pistacia lentiscus..

Rubus ulmifoliusSchott

Sambucus nigra.

Thymelaea hirsutélL.) Endl.

Herbaceous plar
Adonis cfr. aestivalis L.
Ajuga ive (L.) Schrek
Ammi maju L.
Anthemi cf. arvensi: L.
Anthemi L.

Apiacea

Atriplex Tourn. ex L.ChenopodiunTourn. ex L.

AtriplexTourn. ex L.
Avena fatu L.

Beta vulgarisL.

Boraginacez
Brassicace:

pedice

seed

undevelope fruit
unceveloped se¢

fruitlet
mericarp

fruit

seel
seel
leave

seed

fruit and seed

fruitlet

endocarp
seel

fruitlet
fruitlet
fruitlet
fruit
fruit
fruitlet
fruit
fruit with exocarp
fruit
compound frui
fruit
fruit
seel

E2szo0zsg

Ez0zs

EEz0z0z20s5282

EEsssz0gszsss22s8

92
1
431*1391
1C
34

8*35

*1
4
28

6*8
2
407*67

17 *31

1*9

12t

3*2
4885 *383(

3t

17¢

1C
*10

164
8*1
92 *2¢
3
875 *8¢t

63 *88

35

1
1225 *146:

7

53

*21

53

14

74 *1E

5*6

29

559 *63(

4
17

19 *2¢

21*12

19

41

502 *25(

1
17

20 *1Z

42 *2¢

10 *2¢

28

*1

51

561 *18:

11
22

*34

7€
15*3
1
302 *5¢

23 *3¢

37z
5*2

8163 *774t

68
32z

1C
1
16 *97

3

13
*11

4
331
8*1

166 *7&

1C

1721 *26¢

2
125 *19¢

5*5
14
2*12
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Bromuscfr. hordeaceus..
Bryonie L.

Calendua arvensi (Valill.) L.
Calepinairregularis (Asso) Thell
Carduus nutar L.

Carduu: Vaill. ex L.

Care cf. divulse Stoke:

Care» cf. flacce Schrek

Carey L.

Cerastiun L.

Chenopodium mura L.
ChenopodiunTourn. ex L.
Circaea lutetiana..
ClematisDill. ex L.
Cucurbitaceae

Cyperacee

Digitaria cf. sanguinalis(L.) Scop.
Daucus carot L.

Ecballium elateriur (L.) A.Rich.
Echiun cf. vulgare L.

Echiun Tourn. ex L

Euphorbia helioscop L.
Euphorbia peplu L.

Fabacee

Fallopia convolvolu (L.) A.Léve
FestuciL.

FumariaTourn. ex L.

GaliumL.

Glaucium corniculatut (L.) Rudolpt
Glaucium flavur Crant:

Glebionis segetur(L.) Fourr.

Heliotropium europaeu L.
Hyoscyamus nig L.
Lamiacea
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Lepidium coronopuélL.) Al-Shehbaz

Leucanthemu Mill.

Linum usitatissimu L. subspangustifoliun (Huds.) Tell
Lolium cf. temulentur L.

LoliumL.

Malva cf. sylvestrisL.

Mercurialis annui L.

Muscar cf. comosur (L.) Mill.
Onopordur cf. macracanthur Schoust
Ornithopus compress L.

Papaver dubiunt../rhoeasL.

Plantagocf. lanceolatal..
Poal.

Poaces
Portulacaoleracei L.
Ranunculus sardo Crant:
Ranunculus trilobt Desf

Raphanus raphanistruin

Rapistrum rugosur(L.) All.
Reseda luteo L.

Rumex crispuk.

Sagina apetalaird.

Silene gallical.

Silene latifoliaPoir.

Silybum marianui (L.) Gaertn
Spergulari: cf. maring (L.) Besse
Stellaria medii (L.) Vill.
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Stellarie cf. pallida (Dumort.) Crég
Trifolium Tourn. ex L

Urtica dioica L.

Urtica urens L.

Valeriana officinali: L.

Valerianella dentatgL.) Pollich
Veronicacf. agrestisL.

VeronicaTourn. ex L.

Viola Tourn. ex L.

Wetland plant

Bolboschoenus maritim (L.) Palle
Glyceriacf. maxim: (Hartm.) Holmb

Cladium mariscugL.) Pohl

Cyperus capitatt Vand.longus L.
Eleochari cf. palustris (L.) Roem. & Schul

JuncusTourn. ex L.

Medicagc cf. littoralis Loisel.

Silene canescerien/colorata Poir.
Typhe cf. angustifolic L.

Aquatic plant

Potamogeto Tourn. ex L

Cymodocea nodo (Ucria) Asch
Potamogetoref. natansL./nodosunioir.
Potamogeto Tourn. ex L

Ruppia maritimal.

Stuckenia pectinatél..) Bérner
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N. of waterlogged remains 8521 2494( 378t 467( 4211 597¢ 5210¢
Total N. remain 857z 2503¢ 381« 469¢ 422¢ 598: 5233:
Total N. det. Tax 78 91 56 6¢ 80 5¢ 13C

Table 1 - Plant macroremains from the excavations of Misd@&4 (MIS14) and Mistras 2015 (MIS15) (C = chard&t; waterlogged; *n fragments’
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From each stratigraphic unit proceed several thusaf macroremains. In the case of
the MIS15 layers, we can evaluate an average ctnate@m of more than 200 specimens
per litre of sediment. This high concentrationioflings is in part due to the numerosity
of specimens reached by some species, particlanhs caricaandVitis vinifera

The prevailing preservation condition is waterloggi as the charred macroremains
represent only the 0,44% of the total of the codinteaterial. Most of those charred
remains are represented by cereals and pulsesarthatiso the only ones not present
under waterlogged conditions. Some other sporgukcisens between the fruit crops
and the wild plant remains is preserved under edagonditions, as somkinum
usitatissimumL. subsp.usitatissimumremains,V. vinifera seed, and taxa referred to
herbaceous vascular plants. Also patent is theepoesin all the layers of approximately
the same range of taxa.

Between the crops recognised (Fig. 3), the cerasrepresented by 27 specimens
attributable to barleyHordeum vulgareL. subsp.vulgarg, 17 to wheat Triticum
aestivunidurumandTriticum aestivurfdurumturgidumtypecompacturjy plus 22 cereal
fragments of uncertain attribution; the pulsespesent in very low numbers, but all the
same attesting the presence of lentils in numbe3 olharred remaind_éns culinaris
Medik), 2 peasFisum sativuni..) and 1 faba bearvicia fabal.).

Between the annual crops the presence of flaxgitatissimunsubspusitatissimumhis
also registered; 71 seed remains seem safelywtible to the cultivated flax; on the
contrary the attribution of more than 1700 fruaadgments td_. usitatissimunsubsp.
usitatissimums only hypothetic; in fact their attribution tald/or domesticated types is
more uncertain, and the presence of at least @tkag&ibuted to the wild narrowleaf flax
(L. usitatissimunt.. subspangustifolium(Huds.) Tell.), was also registered.

The horticulture, together with the exploitationvafd fruits, is testified by a variety of
vascular plants (Fig. 3). Particularly numerousthesremains of figK. carica), counting
some 25000 achenes. Grapevixe \(iniferg is the second most represented species, as
more than 8000 seeds and almost the same numbeedffragments were counted, plus
seven berries and 373 pedicels; furthermore 322veidped seeds were counted, as well
as 68 undeveloped fruits. Also attested are melarciimis meld..) with 5 entire seeds
and 8 fragments; 3 seeds attributed to apdiys Mill.); 3 remains of black mulberry
(Morus nigralL.); 95 olive endocarp¥lea europaed..) and more than 60 fragments.
Between the fruits pertaining t®runus Tourn. ex L. genus are attested wild cherry

(Prunus aviuni.) with at least 1 endocarp, plufr(nus domestich.) with 2 endocarps,



and blackthorn Rrunus spinosal.) with 27 entire endocarps and 39 fragments.
PomegranatePunica granatuni.) is quite well represented, as more than 9dseand
more than 170 seed fragments, were attributedisdriit. A variety of nuts is attested,
in particular hazelnutgJorylus avelland..), counting 1 entire fruit, which presents clear
signs of the action of some rodent, and 28 fragmepine nuts Rinus pineal.),
represented by 1 entire seed and 37 fragments aode?scales; almondBrunus dulcis
(Mill.) D. Webb.) are well testified by 6 endocargsd 137 fragments.

The seeds o¥. viniferaand the endocarps @f. europaeare being analysed thanks to
morphometric analysis, that are revealing thelattron of large number of the remains
to the domesticated cropé, viniferasubspyviniferaandO. europaeavar.europaea
Mericarps of the aromatic plant of coriandé€o(iandrum sativumL.) were also
registered: 3 entire fruits were counted, and 18icags, plus a certain number of
fragments. Between the aromatic plants were alamted 10 remains ofnethum

graveolend..
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Fig. 3— Carpological remains of annual crops, cultivated gathered fruits and nutsHrdeum
vulgare L. subsp.vulgare b) Triticum aestivum/durumc) Triticum aestivum/durum/turgidum
typecompactumd) Lens culinarisMedik.; e)Pisum sativuni.; f) Vicia fabal.; g) Vitis vinifera
L. subspvinifera; h) Ficus caricalL.; i) Morus nigralL.; j) Punica granatuni.; k) Cucumis melo
L.; 1) Coriandrum sativuni.; m) Olea europaed.. var. europaea n) Prunus spinosd..; 0)
Prunus domestich.; p) Corylus avelland..; q) Pinus pined..; r) Prunus dulcigMill.) D.Webb.
Scale bar = 1Imm.
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The data about plants representative of spontaneegetation, that could give
palaeoenvironmental indications, are extremely dhaoh as a high number tdixa
attributed to different types of environments wasognised; elements of the maquis
vegetation, coastal, wetland and aquatic plantsewdentified, and most of all

synanthropic herbaceous plants (Fig. 4).
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Fig. 4 — Carpological remains of spontaneous vegetatipMyrtus communid..; b) Pistacia
lentiscusL.; ¢) Thymelaea hirsutél.) Endl.; d)Rubus ulmifoliusSchott; e}Sambucus nigrd.;
f) Malva cf. sylvestrisL.; g) Ecballium elaterium(L.) A.Rich.; h)Rapistrum rugosur(L.) All;
i) Ranunculus sardouSrantz; j)Silybum marianunfL.) Gaertn.; k)Anethum graveolenis.; I)
Heliotropium europaeurh.; m) Glebionis segetur(iL.) Fourr.; n)Euphorbia helioscopid.; o)
Calendulaarvensis(Vaill.) L.; p) Chenopodium muralk.; q) Papaver dubiuni./rhoeasL.; r)
Rumex crispusL.; s) Portulaca oleraceal.; t) Silene gallical.; u) Cyperus capitatus
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Vand.longusL.; v) JuncusTourn. ex L.; w)Ruppia maritimalL.; x) Stuckenia pectinatélL.)
Borner. Scale bar =1 mm.

Discussion

The plant assemblage recovered in the harboupokMéstras is an important source of
information on domesticated and gathered plantsyedisas on spontaneous vegetation.
The economic valuable plants can represent in |pegeproducts of the hinterland of
Tharros, lost during transhipment operations anstiied to the same city or to the
exportation; some of them could also be represgrtat imported products. The role of
natural currents in the transportation and depwsidf the macroremains, in particular in
the case of the taxa representative of the spooi@neegetation, should not be
underestimated, as various studies, concerningrdiit environments and types of
waterlogged archaeological sites, correctly pointed (Cappers 1993; Antolin et al.
2017; Steiner et al. 2020).

Between the cultivated crops cereals and pulsesparkaps underrepresented, as,
differently from other plants, they are not welegerved in wet conditions (Jacomet
2013), and only charred remains were found. Theegoree of all the detected species is
well known from the preceding periods in SardirBaKels 2002; Ucchesu et al. 2015),
except for the varietyriticum aestivundurumturgidumtypecompactumFor the period
under consideration, the presence of the same Hrugeeals and pulses has already been
recorded in the terrestrial site of S’Urachi (vannimelen et al. 2018; Pérez-Jorda et al.
2020), while they seem absent in the rural coraéXruncu e Molas, a fact that has been
attributed to a specialisation of the site to othgricultural activities (Pérez-Jorda et al.
2010). At this regard it has to be considered howast decades Punic Sardinia was
considered as an important source of cereal panssior the North African metropolis
of Carthage (Barreca 1988; Manfredi 1993; Moschtle1997), a vision that is now
being partially resized as new data about the sdhiffeation of agriculture emerge (van
Dommelen et al. 2012; 2018; Del Vais et al. 2028eR-Jorda et al. 2010; 2020). In any
case, even when not present in large numbers iartteaeobotanical record, it seems
safe to assume that cereals and pulses should beee basic elements of the
alimentation.

Linum usitatissimunt.. subsp.usitatissimums another species present since previous
times on the Island, and the use of flax to prodikcand fibres is usually associated with

the spread of Neolithic agriculture (Zohary et28112). Remains df. cf. usitatissimum
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were recognised in the Bronze Age site of Sa Osbd® et al. 2015), and.
usitatissimumwas detected in S’'Urachi (van Dommelen et al. 208 ez-Jorda et al.
2020).

The presence of fruits, domesticated and gatheitetfruits, is extremely important.
Between them the three species usually considert#teanost classical fruit plants of the
MediterraneanVitis viniferalL., Ficus caricaL. andOlea europaed.., have a particular
prominence; after being collected for long timenfrthe wild, they were presumably the
first fruit plants to be domesticated (Zohary et2fl12). In particular for what concerns
V. vinifera the findings of Mistras confirm the importance tbfs crop in Sardinia.
Thousands of grape pips, pedicels and also sommi@savere found on the site; the pips
were analysed with morphometric analysis that riekide pertinence of a great majority
of them to domesticated morphotypes; besides, theepce of undeveloped pips may
give an ulterior indication on the attribution dfet Mistras remains to domesticated
varieties, as only the berries of the vinifera subsp.vinifera usually contain partly
developed pips together with the developed onebdBoet al. 2012). In Sardinia, the
cultivation of the grapevine was already estabtliskece the Bronze Age, when with
high probability secondary domestication event& fglace (Ucchesu et al. 2015). At the
same time several findings prove how the Nuragios,autochthonous population of
Sardinia of the Bronze and Iron Age, were alreadiplved in the production of wine
(Perra et al. 2015; Damasco et al. 2020), presynabb as a response to the influence
coming from the constant contact with different ridgeof the eastern Mediterranean
(Botto 2016). The tmillennium BC was certainly a period of great depenent for the
cultivation of this plant not only in Sardinia, batgeneral in the western Mediterranean.
In the Italian Peninsula the cultivation of grapeviprobably started during the Bronze
Age (Marvelli et al. 2013), but the production oine gradually augmented in quantity
and importance, as proved by the increasing pramlucnd diffusion of transport
amphorae of western Greek tradition dedicated ¢ovtme (Sourisseau 2009). On the
other side in the most western regions, Francdl@rian Peninsula, this still appears as
the millennium during which viticulture was introckd, as a consequence of the
establishment of respectively Greek and Etrusctlesents on the one side (McGovern
et al. 2013; Bouby et al. 2014), and Phoeniciatieseénts on the other (Buxd 2008;
Prados Martinez 2011; Pérez-Jorda et al. 2017;)2QR1the southern side of the western
Mediterranean the presence \f vinifera remains in archaeological contexts is well

attested in Punic Carthage (van Zeist et al. 2R@dl| 2007). The influence of Phoenician
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people was probably important also in what regaitus ulterior development of
viticulture in Sardinia; the findings &f. viniferaremains for what concerns the Archaic
and Punic period are in fact relatively numerouasséveral sites were found transport
amphorae of local production and Phoenician andcRuedition containing grape pips,
frequently in association with animal remains, ateat that seem to indicate some sort
of conditioning of the meat with a by-product oéthrapevine. This is the case of Nora
(Marinval & Cassien 2001) and of Santa Giusta (\2&k & Sanna 2009; 2012; Sabato
et al. 2019b). Other attestations come from therakwestern part of the Island: a
transport amphora of Sant'Imbenia type and of Ipcatiuction, found in the settlement
of Su Cungiau 'e Funta, contained white wine, agatd thanks to chemical analysis
(Del Vais et al. 2016-2017); in the site of S'Uradhe ongoing investigations
documented the presence of grapevine remains (eamilen et al. 2018; Pérez et al.
2020); the rural settlement of Truncu e Molas vpasbably dedicated to specialised
activities of viticulture and wine production dugithe Punic period (van Dommelen et
al. 2012). In the same hinterland of Tharros tigasiof an increased cultivation of the
grapevine come not only from the Mistras findingst also from different palynological
analysis held in the area, that show a clear inergrof the pollen of this plant around the
5t and 4" century BC (Acquaro et al. 2001; Di Rita & Meli@13).

As for O. europaeathe endocarps of Mistras were also classifiedkb# morphometric
analysis, and the data point to a presence of wdthand domesticated morphotypes.
The endocarps recognised as wild can derive froenldlcal vegetation, while the
domesticated ones can reveal the first evidendbeopresence of the cultivated olive.
Olive remains in Archaic and Punic sites of Sarliwere already registered in Santa
Giusta (Del Vais & Sanna 2009; 2012; Sabato éxGdl9b) and S’Urachi (van Dommelen
et al. 2018; Pérez-Jorda et al. 2020).

Concernind-. carica, this fruit is represented by extremely high nurslzg achenes; this
is quite understandable, as each compound fruitcoemain hundreds of them. Fig
remains were documented on several archaeobotaass@imblages of the western
Mediterranean, with remarkable numbers in SardiBeonze Age sites (Ucchesu et al.
2014; Sabato et al. 2015), and a constant preserw the carpological data is at
disposition, in Archaic and Punic sites of Sardifian Dommelen et al. 2018; Pérez-
Jorda et al. 2020) and of other regions, as inraggettlements of the Iberian Peninsula
(Pérez-Jorda 2020), in Lixus on the Atlantic cads¥lorocco (Pérez-Jorda 2005), and of
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course in Carthage in North Africa, well known dhgrithe Antiquity for its fig
cultivations (van Zeist et al. 2001; Kroll 2007).

Not only the attestation &f. viniferaandO. europaedind a good parallel in the findings
of the Santa Giusta lagoon (Del Vais & Sanna 2@092; Sabato et al. 2019b), but also
the majority of the other fruit species attestedh@ Mistras lagoon. This is the case of
Prunus spinosd.., Prunus avium(L.) L., presumably gathered from wild trees, arid
Prunus domesticaL.. The presence of the cultivatdel domesticais particularly
important: as Mistras and Santa Giusta providedttier documentation of this fruit in
Sardinia, the major role of Phoenician people aittroduction of the plum on the Island
is confirmed at the state of the research (Uccleésii 2017).

The finding of nuts, in particulaorylus avelland.., Pinus pineaL. andPrunus dulcis
(Mill.) D. Webb, also correspond to the data apdsstion for Santa Giusta (Del Vais &
Sanna 2009; 2012; Sabato et al. 2019b). Hazelmgtpimecones were also found in the
Late-Punic underwater site of the harbour of O(Biallarés 1987), and in the Santa Gilla
lagoon (Vivanet 1892; 1893) as content of somesprart amphorae.

The few Malus Mill. seeds at the moment have no parallel finding earlier or
contemporaneous sites of Sardinia, and it cannatpeeified if we are dealing with
remains of wild or domesticated apples.

Extremely important seems the attestationPahica granatumL., which seeds are
present in almost all the layers; until very rebetttis fruit had not been recorded in the
archaeobotanical register of Archaic and PuniciB8a@Perotti & Secci 2016-2017), and
only recent investigations in S’Urachi gave evideog its presence (Pérez-Jorda et al.
2020). Phoenician people seemingly played a majerin the spread of pomegranate,
which wild ancestor is localised in the Caspiart (@bhary et al. 2012), from the eastern
to the western Mediterranean (Perotti & Secci 22Q67; Torres Gomariz 2017; Nigro
& Spagnoli 2018). Outside Sardinia the findingsallsuconcern sites interested by the
presence of Phoenicians. An exception seems tbeedse of Malta, where it is well
attested during theImillennium BC, althought the first evidences aaerhore ancient
(Fiorentino et al. 2012). In Carthage remains ainpgranate were found both in the
harbour and in urban contexts (van Zeist et al1280oll 2007); in Sicily remains of this
fruit were found in Mozia (Nigro & Spagnoli 2018; the Iberian Peninsula it is already
attested during the Archaic phases of Huelva (P&veda et al. 2017), and different

findings come from slightly more recent sites (Rékerda 2020); on the Atlantic side of
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North Africa pomegranate seeds are attested irAthbaic and Punic levels of Lixus
(Pérez-Jorda 2005).

The presence, between the cited fruits and nutsdfon Mistras, of imported goods
cannot be ruled out in total, either from othemaref Sardinia or from outside the region;
nevertheless, it seems useful to point out thap#ignological analysis, a part from the
already cited data ovi. viniferg suggest a very slight increment@f europaeaand the
presence of essences IReinussp. andC. avellanain the area; on the contrary no pollen
of P. granatumwas registered (Acquaro et al. 2001; Di Rita & M&013).

Another important finding is that of the seedsCafcumis meld.. The oldest attestation
of melon in the western Mediterranean was foundhan Bronze Age site of Sa Osa
(Sabato et al. 2015); the seeds of Sa Osa, whick stadied thanks to molecular and
morphometric analysis, showed closer affinitieshwibn-sweet varieties (Sabato et al.
2019a). Remains of this vegetable are once agastat! in Archaic Huelva (Pérez-Jorda
et al. 2017) and Punic Carthage (van Zeist etCfl12

The seeds oMorus nigra L. confirm an early presence of the black mulpenr the
western Mediterranean and in particular in Sardasaalready proved by the findings of
Sa Osa (Sabato et al. 2015). The investigatiotiseitarbour of Carthage also provided
some remains d¥l. nigra dating to Punic times (van Zeist 2001), whilehat &ctual state
of knowledge other evidences in the western Megitexan are slightly more recent, as
is the case of southern France, where the oldtesitations are dated to th& dentury
BC (Durand et al. 2016).

The presence of important numbers of mericarps, somdetimes the entire fruit, of
Coriandrum sativuni., one of the oldest aromatic crops (Zohary eR@ll?2), is also
significant. Coriander appears in the archaeobcghnirecord of the western
Mediterranean during the®'Imillennium BC, as many other horticultural specikss
attested in Punic Carthage both from the harbader (sian Zeist 2001) and in urban
contexts (Kroll 2007); in Sicily it is present indigenous Elymian sites of the western
coast, dating to thé"7and &' century BC (Stika et al. 2008), and in the Ibefaminsula
its unique attestation for the period is at the raptrthat of Castro Marim in Portugal,
dating to the 8 century BC (Queiroz et al. 2006; Pérez-Jorda 20PBg study of the
content of a transport amphora recently recovareétie Santa Giusta Lagoon, dated to
the Archaic phase, suggests its use in the condigoof the meat contained in the
transport amphorae, in association with the alreadl-known element of grape (Del
Vais & Sanna 2009; 2012; Sabato et al. 2019b). Rerohoteworthy element is the
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finding of the aromaticAnethum graveoleng., once again a first attestation of a
cultivated plant in Ancient Sardinia; seedsfofgraveolensa plant native of the eastern
Mediterranean, were found in the Punic levels oftlige (Van Zeist et al. 2001). The
same Punic Carthage could have had a major rdaleispread of these aromatic plants,
and more specifically of their use in culinary hapanalogously to many other aspects
of culture and economy in the regions under itkiarice.

Between the wild plants which fruits could haverbgathered and used are some species
typical of the maquis vegetation, as myriMy(tus communis..) and lentisk Ristacia
lentiscusL.), and shrub species such as thornless blagkif@ubus ulmifoliusSchott);
due to the nature of the site, it does not seemsilplesto attribute with certainty their
presence to human activities, as they could alse baen dispersed by natural factors.
One of the main results of the carpological analygrre presented, which will be object
of deepest analysis in the prosecution of the stadythe data on the wild plants, which
could give a contribution to the reconstructiorited palaeoenvironment of the area; this
is the first archaeobotanical study of a Sardircgantext were such a variegated and
abundant assemblage of plant macroremains attdtiateiild species was recorded. As
already underlined, in examining the materials tlspuld not be considered as
representatives only of the immediate proximitiéshe sites, but of a broader area, as
some of the remains could have been transportedtoyal agents from the hinterland or
from other parts of the coast.

Between the wild species attested a certain nurabésxa indicate the presence of
maquis vegetation, as cadrifiperus oxycedruk.), myrtle (M. communi} lentisk @.
lentiscu3, of coastlands and wetlands, as sea clubrBstb¢schoenus maritimug..)
Palla) and rush Juncus Tourn. ex L.), all vegetation types that correspadio
environments still characteristics of the area (Batta et al. 2009). Remains of aquatic
plants, namely pondweeds &tuckenia pectinatdL.) Borner and sea grasses like
Cymodocea nodogdJcria) Asch., were also registered.

More eloquent for what concerns the correlatiorwben man and the landscape is the
high presence of synanthropic species; almoshalherbaceous species identified are in
fact typical of cultivated areas and pastures, mode in general associated to ruderal
areas interested by a strong human impact. Betivesn are the milk thistleS{lybum
marianum(L.) Gaertn.), the corn marigolds(ebionis segetunfL.) Fourr.), the field
marigold Calendula arvensig¢vaill.) L.), the turnipweedRapistrum rugosur(i..) All.),

the sowbaneGhenopodium muralk.), the curly dockRumex crispuk.), the sun spurge
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(Euphorbia helioscopid..) and the common poppyépaver dubiuni./rhoeasL.), to
cite only a few of them.

The data on the spontaneous vegetation seems tocid®i with other
palaeoenvironmental analysis available for the,amb&ch indicate an exploitation of the
landscape that is already evident during tffendllennium BC, and that progressively
increases during the Archaic and Punic phasesaiticplar from the B century BC
(Fedele 1979; 1980; 1983; Nisbet 1980; Acquarol.eR@01; Di Rita & Melis 2013;
Lentini 1994; 1995; 2014). Nevertheless, a ceréaimount of arboreal coverture is still
attested during the great part of tiendillennium BC, as well as a certain variety of the
cultures; on the contrary during the following Ranpdnase the vegetation seems reduced
in terms of variability and the culture of ceremsmuch more predominant than what
attested before (Acquaro et al. 2001; Di Rita & 81@013; Lentini 2014).

Conclusions

The archaeological excavations held in the Miskragoon, harbour of Tharros during
the Archaic and Punic period{8™ century BC), provides archaeobotanical information
in great part new for Sardinia, as it providesdluest attestations in the Island of many
cultivated plants, and unprecedented informationthen spontaneous vegetation. The
study contributes to the reconstruction of theadtural, commercial and environmental
aspects of the Island during th&rhillennium BC.

The traditional crops, as cereals and pulses, @engpanied by a variety of cultivated
and gathered fruits and nuts, between which stamdsthe important role of the
grapevine, but also the attestation of fruits amigently documented on Sardinian sites
of the period, as the plum and the pomegranatethanfirst evidences of the presence of
aromatic plants as coriander and dill.

Furthermore, the exhaustive information on wildypgahelps in the reconstruction of the
palaeoenvironment, that appears extremely inteteste anthropic activities, in
accordance with the data on the progressive ratadis held in Sardinia in particular
during the second half of the millennium.

The archaeobotanical study on the Mistras Lagoeriaarfrom concluded; the complete
analysis of the plant macroremains found in theedsht stratigraphic units is still going
on, accompanied by statistical comparisons betvea@mples of known volume; once
completed a more precise evaluation of the plasgrablages will be possible. Hopefully

new archaeobotanical data will also proceed froerstirrounding areas, in particular the
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same Tharros and its hinterland, contributing tanare complete and integrated

interpretation.
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Chapter 2

The Santa Giusta lagoon (Sardinia, Italy): new archaeobotanical data from an
Archaic transport amphora

Introduction

The Santa Giusta Lagoon, situated in the centndlgiathe gulf of Oristano (Central-

West Sardinia), contains one of the most intriguanghaeological sites of Archaic and
Punic Sardinia (Fig. 1). The lagoon is situatedrtedahe modern city of Santa Giusta,

which insists on a previous settlement identifisdGthoca, cited in ancient literary
sources (Del Vais 2010).

Fig. 1 — The Santa Giusta Lagoon in Central-West Sardivith the location of the archaeological site.

The first archaeological investigations inside thgoon were held during the years
Seventies and Eighties of the'2@entury (Tore & Zucca 1983; Fanari 1988; Mastiho e
al. 2005; Del Vais 2010; Del Vais & Sanna 2019nc®i 2005 systematic surveys and
excavation campaigns, conducted by the Archaeab§igperintendence of Cagliari and
the University of Cagliari, put in evidence the s#gnce of a large dispersion area of
archaeological materials of Archaic and Punic geiio the north-eastern part of the
lagoon, covering a time span going from tHet@ the 32" century BC (Fig. 2-3) (Del
Vais & Sanna 2009; 2012).
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2010).

Fig. 3 — An archaic transport amphora recovered durie2®05 campaign (Del Vais 2010).

The site, which interpretation is still uncertais,constituted by a deposit of scattered
remains, mainly transport amphorae of Sardiniadyection, together with other ceramic
vessels, and by manufactured wood, that could a4t len some measure represent
elements of ships (Del Vais & Sanna 2009; 2012)nWaf the transport amphorae
contained animal bones, between which were recednissts of bovids and ovicaprids,
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as well as carpological remains, represented bgssaerd fruits; the plant materials are
preserved thanks to the waterlogged and anoxicitonsl of the stratigraphy (Del Vais
& Sanna 2009; 2012; Sabato et al. 2019). The cagol remains recognised by
previous analysis comprise different nuts, in gatérCorylus avelland.., Juglans regia
L., Prunus dulcig(Mill) D.Webb.; cones oPinus halepensiMill. and Pinus pineal.;
cucurbits asCitrullus lanatus (Thunb.) Matsum. & Nakai antlagenaria siceraria
(Molina) Standl.; fruits a®lea europaed.., Vitis vinifera L., Prunus spinosd.. and
Prunus domesticd..; between the wild plantduniperus oxycedru&. and Quercus
Tourn.ex L. remains were identified, and a high presencthefaquatid®otamogeton
Tourn. ex L. (Sabato et al. 2019). Particularly interestimgs the finding ofPrunus
domesticaendocarps, probably introduced in Sardinia dutirgPunic era (Ucchesu et
al. 2017). The carpological remains were partiedigtained into the transport amphorae,
but they were also largely present in the sedinparhaps as a result of the loss of content
from the same vessels, that were not sealed aqdendly presented fractures (Del Vais
& Sanna 2009; 2012; Sabato et al. 2019). In pdaidheV. viniferaremains, seeds and
pedicels, have been frequently found in associatitimthe animal bones as a content of
the amphorae (Del Vais & Sanna 2009; 2012; Saliab 2019).

In this work are presented the archaeobotanicalteesoming from the analysis of the
content of an Archaic/Middle Punic transport amphpreviously unpublished, found in
the lagoon during a survey operation of the Archaggoal Superintendence of Cagliari;
the amphora, in addition to the carpological remagontained animal bones that at a
first sight seem pertinent to ovicaprids. The ammphahat for its macroscopic
characteristics seems attributable to a local prbolo, in analogy with other containers
from the site which were object of archaeometrilysis (Del Vais & Sanna 2009; 2012;
Amadori et al. 2017), can be generally dated t®thB"™ century BC, but a more specific
typological study is required to assign it to agme type and better define its chronology;

it was unsealed and presented fractures on the body
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Materials and methods

The sediment which filled the amphora, from nowcatled Anf. T-01, was extracted
from the vessel and sieved by wash-over in thergbdes of the HBK-Hortus Botanicus
Karalitanus (University of Cagliari). The entireds@ent was processed using a sieve
mesh size of 0,25 mm, in order to retain the maxmamount of remains. The result of
the sieving was then examined at the stereomicpest¢o separate the carpological
findings from other types of remains, as ceramit laone fragments, and from residues
of the sediment. Once detected and separatedatpelogical remains were identified
thanks to the modern reference collection of the BXR-Sardinian Germplasm Bank
(Porceddu et al. 2017), to botanical atlases fer itfentification of seeds and fruits
(Cappers et al. 2012), and to digital resourcapghitwww.actaplantarum.org/), and their
characteristics, as well as the likability of theiesence, were defined with updated plant
references and checklists (Mabberley 2017; Bartolet al. 2018). The carpological
remains were then stored in deionised water ati® e facilities of the BG-SAR.

Results

A total of 3957 specimens was counted, includingaagical remains and other plant
elements as charcoal and wood fragments whicheanttment have not been analysed;
between the carpological remains, f¥ka were identified (Tab. 1), and are here

discussed.

Taxa Plant part N. remains

Cultivated plant

Coriandrum sativunt.. mericarp 2897293
seed 65 *29
Ficus carice L. fruit (achene 37¢
seel 1973 *i
Vitis viniferal. undev. see 54
undev. frui 29 *11
pedice 48
Ruderal plant
Apiacea fruit 1
Asphodelu Tourn. ex L seel 59
Brassicaces see( 1
Clemati: Dill. ex L. fruitlet 1
Cyperacee fruit 1
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Fallopia convolvolu (L.) A. Léve fruit 1
Fumarie Tourn. ex L fruit 3
Galiurr L. mericary 1
Medicagc cf. minime (L.) L. fruit 1
Papaver dubiur L./rhoeasL. seel 79 *7
Ranunculus sardo Crant: fruit 1
Rubusulmifolius Schot fruitlet *1
Rumex crispt L. fruit
Rume L. tepa
Trifolium Tourn. ex L periantt
Wetland and acuatic plal
Aquatic plants/algae ind *19
Bolboscheonus maritim (L.) Palle  fruit 2
NajasL. fruit 2*7
see( 2
Posidonia oceanic (L.) Delile leave *1
Ruppia maritim L. fruit 25
Stuckenia pectinaté..) Borner fruitlet 14¢
circumscissil 31
Zannichellia palustri L. fruit 21¢
Indeter minated
Charcoe 18
Leave *1
Pedice 121
Wooc 11
Total specimens 3951
Total taxa 24

Table 1 — Carpological and other vegetal macroremainsdanrihe Archaic/Middle Punic
(6th-5th century BC) transport amphora Anf. T-Odnfrthe Santa Giusta lagoon.
*n=fragments.

All the carpological remains are preserved by waggring. The highest numbers in the
counting of the remains is given by those specigitivated or gathered, that most likely
represent part of the content of the amphora. Batvieem 197¥itis viniferalL. seeds
were counted, together with seed fragments, undpedl seeds and fruits, and pedicels
(Fig. 4). Extremely abundant Soriandrum sativumL., as hundreds of entire and
fragmented mericarps were found (Fig. 5); the preseof seeds separated from the

mericarps seems attributable to post-depositioralgsses that could have damaged the
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remains. Also remarkable is the presenc€&iofis carical., attested by the finding of

376 achenes.

ébdd . ¢

iId

Fig. 4.Vitis viniferaL. remains: seed, undeveloped seed, pedicel (Saaie).

Fig. 5.Coriandrum sativuni.. mericarps (scale 5 mm).

The wild plants are represented by synanthropicispeasAsphodelusTourn. ex L.,
Fallopia convolvolugL.) A.Léve, Fumaria Tourn. ex L. Papaver dubiunt./rhoeasL.,
Ranunculus sardou€rantz andRumex crispud. All these taxa are present with low
numbers of remains, usually inferior to 10, witle #xception oAsphodelusp. andP.
dubiurmirhoeas which count respectively 59 and 86 specimens.laidt plants are
restricted to somBolboschoenus maritimyg.) Palla remains, while more represented
are aquatic plants, mostly typical of fresh andckish water afNajas L., Ruppia
maritima L., Stuckenia pectinatél_.) Bérner,Zannichellia palustrid.. The remains of
these last two species are particularly abundargy@und two hundred specimens were
counted for both of them. One leaf of seagrassPtisdonia oceanicdlL.) Delile, was

also detected.

65



Discussions

The importance oVitis viniferalL. as a content of Anf. T-01 is patent, as moeatB000
specimens of this species were counted. For thsorg it seems probable that grapes,
fresh, dried or resulting from some other procagsimere put purposely inside the
amphora, so that their presence is not the re$wasual infiltrations during the post-
depositional process. Morphometric analysis on $keds are underway, and are
attributing the great part, if not all, of the se¢alV. viniferasubspvinifera; the presence
of cultivated grapes seems confirmed by the atiestaf undeveloped seeds, usually
typical only of domesticated grapevine (Zoharylef@12). Besides, the importance of
viticulture in ancient Sardinia is not a noveltys the first signs of this agricultural
practice, together with proves of secondary doroastin processes held on the Island,
date to the Bronze Age (Ucchesu et al. 2015). Qutimee ' millennium BC the
cultivation of the grapevine must have continued parhaps grown in importance, as
proved by the findings o¥. viniferaremains in all those Archaic and Punic contexts
where archaeobotanical analysis were held (Mari@v@hssien 2001; Bakels 2002; van
Dommelen & Gomez Bellard 2012; van Dommelen e2@10; 2012; 2018; Del Vais et
al. 2020; Pérez-Jorda et al. 2020).

A real novelty of this finding is the presenceQ@iriandrum sativuni. At the present
moment the only other documentation of coriandeitdron archaeological Sardinian
sites comes from the Mistras Lagoon, in the northpart of the gulf of Oristano, from a
waterlogged context recognised as the harboureoAtichaic and Punic city of Tharros
(Del Vais et al. 2020). Coriander is one of the n@xient aromatic plants used in the
Mediterranean; in South-West Asia there are evidgi its presence in Neolithic sites,
and clear signs of a well-affirmed domesticatiomedrom 2¢ millennium BC sites of
Egypt and Greece (Megaloudi 2005; Zohary et al220its introduction to the western
Mediterranean for the moment seems to date to thenillennium BC, when it is
documented in Punic Carthage (van Zeist et al. 2B0dll 2007), in Sicily (Stika et al.
2008) and in the Iberian Peninsula (Pérez-Jord®)20@ Santa Giusta its presence in
association with presumed remains of salted mead grapevine seems particularly
interesting, as it could have constituted an imgdraromatic ingredient.

As for the fig achenes found inside of the amphtitay could be either attributed to a
voluntary introduction of figs in the vessel, ordasual intrusions, as their number is
important but not particularly striking, consideagithat one single compound fruit of fig

can contain hundreds of achenes (Zohary et al.)2012
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The transport amphorae contents documented in riderwater context of the Santa
Giusta Lagoon, not only those here examined, laat e already known from previous
results (Del Vais & Sanna 2009; 2012; Sabato e2@l9) find several parallels in the
Punic world, especially evident in other underwaBardinian contexts. The first
attestation of the presence of animal bones inBig@c transport amphorae come from
the Santa Gilla lagoon near Cagliari, where th& Bxcavations took place at the end of
the 19" century, followed by several interventions during past century (Vivanet 1982;
1893; Moscati 1991; Solinas-Orru 2005); here soressels also contained nuts of
Corylus avellana.., while others were full of pinecones, recogdise the time of the
first intervention asPinus pinasterAiton and Pinus sylvestrid.. (Vivanet 1983). The
underwater excavations conducted by a Franco4itatisssion in front of Nora, also in
the South of the Island, documented the preseneaaiofal remains in association with
V. viniferaseeds inside Punic amphorae (Marinval & Cassi@i2Boplin 1980; 2014).
In the Mistras lagoon the ongoing studies of theévehsity of Cagliari are revealing the
copresence of Punic Sardinian transport amphollae,feagmentary state, animal bones
and a variety of cultivated and wild carpologicaiains (Del Vais et al. 2020). In the
North some evidences come from the port of Olbiagne Late-Punic amphorae found
during underwater excavations contained nuts, pnably ofC. avellanaand pinecones,
as well as animal bones (Pallarés 1987). Concethimgresence of animal bones inside
Punic transport amphorae, this was also documemteither underwater sites as the port
of Cagliari (Sanna et al. 2010), and outside S@admthe anchorage of Torre la Sal in
the lberian Peninsula, inside an archaic amphoreenfral Mediterranean provenance
(Wagner 1978; Ramon Torres 1986; 1995). In thes&egts, the presence of carpological
remains was not documented, but it should be cersildthe possibility that a specific
archaeobotanical approach was not undertaken.

The prevailing hypothesis regarding the severaéxas which animal remains were
found inside transport amphorae, in associatiorh vaiarpological remains and in
particular grape seeds, is that of the existen@nahdustry dedicated to the production
of salted meat, processed thanks to a by-produttteo§rapevine (Marinval & Cassien
2001; Poplin 1980; 2014; Del Vais & Sanna 2019;dalet al. 2019). In this sense the
copresence of. sativumattested in the present study could be significHoivever it
should not be forgotten that in some cases wasasfectured the pertinence of the
osteological remains to meat that had already lwessumed (Vivanet 1892; Poplin

1980); a more complex and complete approach tsttlay of the transport amphorae and
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their content will give further information and kefor the interpretation. What seems in
any case undeniable is the importance of the dguralicompartment in the economy of
Punic Sardinia. The existence of a developed agwrah and pastoral system is proved
by several studies focusing on rural landscapessi#ied (van Dommelen & Goémez
Bellard 2008; 2012; van Dommelen et al. 2010; 2(R@ppa & van Dommelen 2012;
Del Vais 2014; Roppa 2014), and the products attielst the Santa Giusta lagoon give
additional evidences on the subject.

As for the wild species documented inside Anf. Ti0%eems possible to hypothesise for
the majority of them an introduction inside the esled amphora after their deposition
on the site. This is certainly the case for thdamet and aquatic plants; the copresence of
plants typical of fresh and brackish water envirenis, afRuppia maritimd.., Stuckenia
pectinata(L.) Borner andZannichellia palustrid.., and of the marine plamosidonia
oceanica(L.) Delile, could attest different moments of thest-depositional process,
during which the coastline was evolving from aniant conformation to the actual
lagoon system. It seems premature at the statecvfledge to make firm assessments on
this subject; a few attempts of reconstructiorhef &ancient coastline were undertaken in
previous studies, supposing the existence of adbang the Punic times at the place of
the actual lagoon (Stiglitz 2004; Bernardini et 2014). Accurate geomorphological
analyses are being held thanks to the ongoing groferesearchnterazioni tra uomo e
ambiente nell’evoluzione del paesaggio costieracandella Sardegnafinanced by the RAS,
Assessorato della Programmazione, Bilancio, Credftesetto del Territoriddtogetto di ricerca
fondamentale o di bask.R. 7 agosto 2007, n. 7, Bando 2013, 23 setterP015 — 23 settembre
2018), and coordinated by Carla Del Vais; they wilpefully give reliable information on the
evolution of the coastline and of the lagoon.

As for the synanthropic species found in the sedtrn&Anf. T-01, they could have been
transported from the land by water currents, baarinot be excluded the possibility of
their presence as intrusion in the original conteinthe amphorae, due to a casual

recollection together with the harvested products.

Conclusions

The data from the archaic amphora found in the &8&htista lagoon is in line with
previous evidences coming from Archaic and Puniessiof Sardinia, where the
copresence of animal bones and grapevine as renoditise content of transport

amphorae is attested. However, this finding giveew and interesting information, as
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an unprecedented association with the aromatitsfifi coriander is attested. Further
studies will eventually help in defining the natuwkthese attestations, that apparently
proves the existence of a system of preservatianezts thanks to a by-product of the
grapevine, in this case implemented with the ussnadromatic ingredient.

Furthermore, the study provides information onwhid plants, attesting the presence of
synanthropic species, but also of aquatic planessymably included in the sediment
during the post-depositional process.
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Chapter 3

Characterisation of archaeological olive endocar ps from Archaic and Punic period
(7th-3rd century BC) of Sardinia (Italy)

Introduction

The genu®leal. includes several species distributed over tapand southern Africa,
southern Asia and China, as well as Australia, Nésatedonia and New Zealand
(Mabberley 2017). Onlylea europaed.. is present in the Mediterranean Basin, in a
various wild [var.sylvestris(Mill.) Lehr], domesticated (vaeuropaed and feral forms
(Mulas 2013). As proved by different studies thé&dviorm, the so-called oleaster, is the
only ancestor of the domesticated olive (Angiolillo et al. 1999; Lumaret et al. 2004;
Breton e al. 2006; 2009; Zohary et al. 2012; Besnard et al. 2016; 2018). The wild form
naturally spreads in a great part of the Meditexaan Basin. Its distribution range
coincides with the thermo-mesomediterranean bt ery-subhumid ombrotypes, being
one ofthe main constituents of the scrublands (Bacchetta et al. 2003; Carrion et al. 2010).
The domesticated form covers a wider area, extgralso to the northern regions of the
Mediterranean Basin (Carrion et al. 2010; Zohary et al. 2012).

As shown from archaeological data both from theéezasand the western Mediterranean,
human populations exploited the wild olive befots domestication, since the
Palaeolithic and Neolithic eras, for its fruits and a source of wood and forage
(Costantini 1989; Kislev et al. 1992; Bux6 i Capdevila 1997; Terral 2000; Rodriguez-
Ariza, Montes Moya 2005; Weiss 2009; Kaniewski et al. 2012; Besnard et al. 2018).

The first signs of domestication were found in €béthic South-West Asia, in different
archaeological sites; this makes the olive one of the first fruit tree ® domesticated
(Zohary et al. 2012). The most ancient find is thiaTuleilat Ghassul, at North of the
Dead Sea; in this site a considerable amount of olive endocarps, attributed to the
domesticated variety, has been dated 68800 BP (Zohary, Spiegel Roy 1975; Lovell
etal. 2010; Zohary et al. 2012; Weiss 2015). Nevertheless, the origin of its domestication

is still under debate. Some studies hypothesigaltiteng the Bronze Age, especially the
Middle and Late Bronze Age, the domestication psedelly developed in South-West
Asia and it gradually spreads to the Aegean analtihéhe western Mediterranean (Terral
et al. 2009; Zohary et al. 2012; Pérez-Jorda et al. 2017; Breton et al. 2018; Valamoti et al.
2018).
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As for the spread of the cultivation of this plemthe western Mediterranean, it is certain
that Phoenicians and Greeks played an importaat taking to the West domesticated
olives from the eastern Mediterranean, togethdr aultivation technigues (Zohary et al.
2012). Nevertheless, it seems nowadays that theestoration process in this area has
been more complicated, and it is not yet completédar. Genetic and morphometric
analysis have been adopted to understand the copipdgnomenon that undertook to the
actual olive varieties and cultivaasad to characterise them (Baldoni et al. 2006; Breton

et al. 2006; 2009; Belaj et al. 2011; Muzzalupo et al. 2014; Besnard et al. 2016). The
studies suggest that the cultivated variety wa®dhiced to the western Mediterranean
from South-West Asia (Besnard et al. 2018). Howgveould be that at least secondary
domestication events took place, as there seem gigns of an early domestication in
the lberian Peninsula since the Bronze Age (Tatall. 2009), as well as in the Italian
Peninsula (D’Auria et al. 2016). Numerous crossssvben introduced plants and local
oleasters followed in different regions during thédlennia, in what is a still ongoing
process (Breton et al. 2009; Newton et al. 2014; Besnard et al. 2018). Anyway, during the
first millennium BC domesticated olives should hapgead in almost all parts of the
Mediterranean Basin (Zohary et al. 2012). Laterjduthe Roman Empire the cultivation
and the trade of olive products gradually increas¢dhe point that at its highest the
production of olive oil in the Roman world couldveareached up to 1 billion litres per
year (van der Veen 2018).

Olive growing is nowadays not only one of the mosportant features of Italian
agriculture, but also one of the most ancient (Q&&a2020). In Sardinia the oleaster is
spontaneously present (Bacchetta el al. 2003), taeddomesticated olive is widely
cultivated (Piras & Lovicu 2013; Bandino & Sedda 2013; Chessa 2013). Different
episodes of introduction of allochthonous domestigglants from different parts of the
Mediterranean could have happened during histarg,td its central position that could
have favoured contacts from different areas, aldganultiple colonisation and conquest
events (Erre et al. 2010; Cossu 2013; De Santis 2013; Ferrante 2013).

At the moment, according to the FAO Olive Germpld&ant Production and Protection
Division, the world olive germplasm contains son@0P cultivars, many of which need
a better identification and characterisation (FATL@. The presence of homonyms and
synonyms, and the different state of research doupto different regions, can generate
misunderstanding in their classification (Ganino et al. 2006; Diez et al. 2012; Muzzalupo

2014; Belaj et al. 2016). A continuous improvement of the classifications is necessary for
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better exploitation, selection and propagation cbsi

Morphometric features involving the different chagaistics of the fruits are currently
used to define the cultivars (Ganino et al. 20@@)mputerised image analysis on olive
endocarps is particularly suitable, as the endacdip not seem to undergo through
significant variations according to different emrimental conditions and cultivation
techniques, reducing the confounding factors tloatlct influence the measurements
(Terral et al. 2004; Belaj et al. 2016). Therefore, their morphometric analysis can be used

to compare the archaeobotanical remains with modgecimens, with the great
advantage of using a low-cost and non-destructieéhad (Newton etla2006; 2014;
Terral et al. 2009).

Different approaches have already been used insthéy of the olive germplasm
(Bronzini de Caraffa et al. 2002; Baldoni et al. 2006; Erre et al. 2010; Muzzalupo et al.
2014). The recent study of Piras et al. (2016) ardi@ian olive successfully applied
morpho-colorimetric techniques that has also protdisefulness on the analysis of
other plant species, such\ass viniferaL. (Orru et al. 2013; Ucchesu et al. 2015prunus
domesticd_. (Sarigu et al. 2017; Frigau et al. 2020) ankllalus domestic8orkh. (Sau et
al. 2018; 2019).

This work studies archaeological olive endocarpmébin the archaeological contexts of
the Santa Giusta and Mistras lagoons in Sardirigddto the Archaic and Punic period,
covering a time span which goes from tffecéntury BC to the'$century BC. Thanks
to digital image analysis the morphometric charsties of the olive endocarps are
extrapolated, and the archaeological ones are cmmpa endocarps from wild and
cultivated plants by Linear discriminant analysldDA). The aims are to obtain
information about the state of domestication of dhiee during the Archaic and Punic
period in Sardinia and to find possible similastigith modern cultivars that could give

hints about the origins of these last ones.
Archaeological contexts

The Santa Giusta Lagoon and the Mistras Lagooioaeted respectively in the central

and in the northern part of the gulf of Oristan@(R).
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Fig. 1 - Location of the excavation areas in the Santat&iaisd Mistras lagoons, Central-West Sardinia.

The Santa Giusta lagoon is situated next to theeancity of Othoca, one of the most
important settlements during the Archaic and Ppeicod in Sardinia (Del Vais 2010).
The lagoon, deep from 40 to 150 cm, has an appsaieiy circular shape and an
extension that in winter reaches the 900 ha. Thari®endenza Archeologica per le
Province di Cagliari e Oristano and the UniversityCagliari investigated the site since
2005 through underwater surveys, coring of themsedts and stratigraphic excavations
that enabled a good reconstruction of the deposition sequences (Del Vais & Sanna 2009;
2012). The investigations documented the presentteeimiddle of the lagoon of a large
dispersion area of archaeological material, thetreeglent being wood remains and
transport amphorae (Del Vais & Sanna 2009; 2012; Del Vais 2018). A certain number of
amphorae were recovered during the excavationth@skdiment inside them was sieved
to recover content remains (Sabato et al. 2019).

The Mistras lagoon has been identified as the harbbthe city of Tharros since th& 7
century BC until the '8 century BC (Pascucci et al. 2018; Del Vais et al. 2020). The
lagoon, elongated in shape and parallel to thessl®partially closed by a coastal barrier
system. In 2009, the same Soprintendenza and Witivars in the case of Santa Giusta

undertook aurvey inside the lagoon to investigate a submerged structure; the study of
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different materials found in the area gave forc¢batext a broad range of dating which
goes from the late Punic period to the first caatupf the Roman era (Pascucci et al.
2018). However, the carpological remains were fanrassociation with materials dating
to the 32" century BC (Del Vais et al. 2020); this seems their most probable
chronological collocation, in good correlation witie radiocarbon dating executed on
other organic elements found in the area (Pas@ial. 2018). During 2014 and 2015,
the University of Cagliari excavated in two diffateareas of the sandy barrier located
inside the lagoon, formerly a palacobeach; according to preliminary results the
stratigraphic units from which the materials foe fhresent study were sampled contain
materials dating from the"7to the &' century BC (Pascucci at al. 2018); however, as
many of the elements found during the excavationpzagns are still under study, the
dating of the sites is not unequivocally establisteethe day. The archaeological material
found on the three sites investigated in Mistrasefgresented by ceramic fragments,

especially transport amphorae, and by animal bamesd and vegetal macroremains.

Materials and methods

The olives are stone fruits composed of differagefts: the outer and middle ones called
epicarp and mesocarp, and the inner layer callebearp, which encloses the seed
(Cappers and Bekker 2013). The endocarp represémisst the only type of olive’s
remain found on archaeological excavations; as a consequence, it is also the most useful

element in archaeobotanical studies concerningptars.

Archaeological samples

Olive endocarps, well preserved thanks to the \Wwajged and anaerobic conditions of
the sites, were found both in the Santa GiustaMistras lagoons. The endocarps from
Santa Giusta come from four transport amphorae;wigpes are typical of the Sardinian
Phoenician and Punic tradition (Ramon Torres 19B%.most ancient ones are the A158
and the A97; the typological study enabled an attribution for the A158 to the Ramon T-
1.2.1.2. (Del Vais & Sanna 2012), dated to thet fingo thirds of the 8 century BC
(Ramon Torres 1995), while the A97 was attributethe T-1.4.4.1. (Del Vais & Sanna
2012), dated to thé"scentury BC (Ramon Torres 1995). According to poasianalysis
the A97 also contained ofrunus domestica. fruitstone,Pinus pinea.. andCorylus
avellanaL. remains, as well as animal remains (Ucchesal.e2017). The other two
amphorae, A153 and A230, can be attributed tolthregated type T-5.2.1.3., dated to the
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3d-2"d century BC (Ramon Torres 1995; Del Vais & Sanna 2012). The dating is also
corroborated by the deposition history, reconseuicthanks to the stratigraphic
investigation of the context (Del Vais & Sanna 2009; 2012). A total of 14 olive endocarps
were found inside the Santa Giusta amphorae.

In the Mistras site, 44 and 53 endocarps respédgtikan the 2014 and 2015 campaigns
were found thanks to the sampling and sieving efgadiment. The finds come from
different layers (US 26, US 31, US 32, US 34, USBthe 2014 excavation, and US 24,
US 25 and US 26 of the 2015 excavation). Other IR& @ndocarps were recovered
during the 2009 Mistras underwater excavation.

In order to maintain the good preservation of theéogarps, after the recovery they were
stored in de-ionized water at 5°C in the Sardii@@nmplasm Bank (BG-SAR) (Porceddu
et al. 2017).

A total of 139 archaeological endocarps were aralySable 1).

Amphora/Stratigraphic Group

Context Unit code

Date (century BC) N. of endocarps

SGT-ST ANF 158 a 3
SGT-ST  gih-5th
_ SGT-ST ANF 97 A 3
Santa Giusta
SGT-ST ANF 230 SGT-ST 4
3rd-2nd
SGT-ST ANF 153 B 4
MIS14 Section 4
MIS14 US26 3
) MIS14 US31 11
Mistras 2014 MIS14 7th-5th
MIS14 US32 9
MIS14 US34 7
MIS14 US35
MIS15 US24
Mistras 2015 MIS15 US25 MIS15 6th-4th 23
MIS15 US26 22
Mistras 2009 MIS09 MIS09 3rd-2nd 29

Table 1 - Archaeological endocarps lot details from Sdaiasta and Mistras lagoons. A broad datation
range is given according to preliminary resultsthaswhole data coming from the sites is still unstady.

Modern samples
Modern olive endocarps used in this study were $anfrom ancient trees, wild

populations, and from cultivars (Fig. 2; ESM 1).
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Fig. 2 - Sampling locations of archaeological, anciea¢$; wild and cultivated olive endocarps.

The samples collected from ancient trees come fténdifferent locations, where the
trees for the collection were chosen taking intomsideration their monumental
dimensions (from 3 m to 12,6 m of circumference snead at 1,3 m from the ground)
(Fig. 2; ESM 1). According to their location and dimension, they can be considered wild
olives of old age, excluding an attribution to fdmms (Piras et al. 2016). Fruits Of
europaeavar.sylvestriswere collected from 18 wild populations isolateahfi cultivated
areas, to avoid possible hybrids (Fig. 2). Furtreenolives coming from 62 cultivars
were sampled during different years in the fieldlemtions of Agris Sardegna
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(Agricultural Research Agency of Sardinia), andi@hds in the main growing areas. The
cultivars sampled as comparison material are reptasve of the olive diversity of the
entire Mediterranean Basin, as the main cultivaosnf Spain, France, Italy, Tunisia,
Greece and Turkey were analysed (ESM 1). The Sardigermplasm in particular is
represented by 23 cultivars, enabling a more inldapalysis. The cultivars were grouped
according to their pertinence to the same vargtalips, certified by genetic affinities
(Erre 2010; Bandino & Sedda 2013; Chessa 2013; http://www.oleadb.ix (ESM 2).

Fruits were picked up from different trees of theng population for the wild olives and
of the same variety for thaltivars, to ensure the greatest morphological variability; they
were sampled in autumn, at the full ripeness of filgt, to ensure the complete
morphological development of the endocarps. Thenetkocarps and mesocarps were
removed and the endocarps perfectly cleaned. & 161919 modern olive endocarps

were included in the analysis.

Image analysis

Digital images of all the archaeological and modendocarps were acquired using a
flatbed scanner (Epson Perfection V550), with altgsn of 400 dpi, on a scanning area
not exceeding 1.024 x 1.024 pixels. Each accessmsscanned twice, with a white
background and then a black background (Bacchetta 2008).

The images were then processed and the morphorpatemeters of each endocarp were
extrapolated with the open-source software ImagéXbe (htto://rsb.info.nih.gov/ij).

The plugin Particles8 (http://www.mecourse.com/laigdsoftware/software.html) was
used to measure 26 morphometric variables. In iatgli80 Elliptic Fourier Descriptors
(EFDs), which describe the contour shape, wereapgtated thanks to another specific
plugin (Diaz 2017), as described by Sau et al. 90An overall number of 106

morphometric variables were measured on each erloca

Statistical analysis

All the morphometric parameters were used to baiddtabase of the descriptive features.
Then statistical analysis was applied to compar@thhaeological endocarps, considered
as unknown cases, to the modern ones. The stepinesar Discriminant Analysis (LDA)
was applied using the SPSS software (Statistioztdge for the Social Sciences) release
27.0.1.0 (SPSS Inc. for Windows, Chicago, lllinoiShe LDA is a method useful to
identify or classify unknown groups characteriseg duantitative and qualitative
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parameters (Fisher 1936; 1940; Sugiyama 2007); it allows to minimize the between-class
distance and maximise the within-class distancehieamng the maximum class
discrimination (Hastie et al. 2002; Holden et al. 2011; Rencher & Christensen 2012;
Kuhn-Johnson 2013). The stepwise method selectsntis significant parameters for
each endocarp, using the statistical parameteesdrte, which indicates the proportion
of a variable variance not accounted by other irddpnt variables in the equation, and
F-to-enter and F-to-remove, which determinate tifeience of each variable on the
model and describe what happens when a varialhsested or removed (Bacchetta et
al. 2010). The stepwise method starts with a madtél no variables, and includes them
step by step; at each step the predictor with the largest F-to-enter value exceeding the
entry criteria (F> 3.84) is added to the model. When no more varsable useful to
increase the discrimination ability, the processausomatically stopped (Venora et al.
2009). Then a cross-validation procedure verifies performance of the validation

system.

Results

A first analysis on the archaeological endocarpmfthe different archaeological sites,
to determine differences and similarities betwdenfinds from the different contexts,

was executed (Table 2). The analysis of the engedaund in the transport amphorae of
Santa Giusta perfectly classified them accordinthéir provenance (ESM 3) as well as

to their chronology (Table 2).

SGTSTA SGISTB  Total

SGT-STA  100.0(6) - 100.0 (6
SGT-STEB - 100.0 (12) 100.0 (8
Overal 100.0 % (14

Table 2 - Correct classification percentages of archagcdbglive endocarps from Santa Giusta lagoon
according to their chronology. The number of endpg#s given in parenthesis.

The endocarps from the excavations of MIS14 and14I®&ere compared according to
their context and to their stratigraphic unit (E8MThe correct classification percentage
reached an overall classification of 34,0%, and higher correct classification was
reached by the sample MIS14 US32, with the higlcgreage of 84,6%. However,
crossed identifications between stratigraphic uand from one site to the other were
frequent. For this reason, and for the affinityia archaeological contexts, the endocarps

from these two sites are considered as a uniquggrothe following analysis with the
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modern samples.

The different groups of archaeological endocarpsevtken compared to the modern
samples. As a first step, to verify the level ofreotness in the discrimination between
cultivars and wild olive endocarps, only the modsamples, divided into ancient trees,
wild olives and cultivars, were analysed (Table ®#)e number of misattributions was
very low, confirming the reliability of the classi&tion. Only the endocarps from ancient
trees were distributed in almost equal parts betveeeient trees and wild olives.

A w C Total
A 40.4 (227) 47.3 (266) 12.3(69) 100.0 (562)
w 12.7(278) 78.1(1711) 9.2(201) 100.0 (2190)
C 0.7 (58) 2.4 (193) 96.9(7916) 100.0 (8167)
Overal 90.2% (10.91¢

Table 4 — Correct classification percentages of modermeogndocarps: A = Ancient tree, W = Wild
population, C = Cultivar. The number of endocagpgiven in parenthesis.

The four groups of archaeological endocarps, censdlas unknown, were compared to
the ancient trees, wild olives and cultivars (TabjeThe LDA analyses identified the
endocarps from Santa Giusta (STG-ST A, SGT-ST B)oat completely as wild,
classifying them on both ancient trees (50,0%)wsihdl olive populations (87,5%) (Table
5). In the case of Mistras a significant numbeemdocarps was identified as cultivated,
with a percentage respectively of 47,4% in the MI$MIS15 group, and of 75,9% in the
MIS09 sample.

A w C Total
SGT-STA 50.0 (3) 33.3(2 16.7 (1 100.0 (6
SGTSTER 125 (1 87.5(7) - 100.0 (8
MIS14 MIS1E 20.6 (20 32.0 (31 47.4 (46) 100.0 (97
MIS0S 17.2(5 6.9 (2 75.9 (22) 100.0 (29

Table5 - Correct classification percentages among archamallbgnd modern endocarps: A = Ancient tree,
W = Wild population, C = Cultivar. The number ofdercarps is given in parenthesis.

The archaeological endocarps identified as wildeaten considered in relation to the
accessions coming from the ancient trees and tlgp@pulations, and the ones identified
as cultivated were compared to the different cattigroups in the database. A previous
analysis on the modern samples was executed tblisktaheir correct classification
percentages; then the modern samples with classification percentages below 5,0% were
excluded to avoid further misattributions (ESM 5; ESM 6).

The highest percentages of attribution reachedbyatchaeological wild endocarps are
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those of the group SGT-ST A, and of MIS09. Thegsify respectively to the 80,0% and
the 42,9% in the accession of the ancient tre€S0fM. The fruit-stones from SGT-ST
B are attributed with the 16,7% to several accessivl_M, AR, PAW, VI (Table 6). In
the case of the fruit-stones from MIS14 MIS15 thghbst percentage goes to the
accession of PAW with the 17,6%. Lower percentaifebe archaeological groups are
attributed to other accessions pertaining to baticiesmt trees and modern wild

populations (Table 6).

Archaeological endocarps classification

Correct
classificatio SGT_STA SGT-STB MIS14 MIS09
n of modern (5) (12) MIS15  (7)
samples (51)
BA_M (12) 83,3 (10) - - - -
GP_M (36) 19,4 (7) - - - -
CU_M (12) 33,3 (4) - - 59(3) 14,3 (1)
0Z_M (11) 9,1 (1) - - - 14,3 (1)
PA M (12) 41,7 (5) - - - -
US_M (12) 8,3 (1) - - - -
LU_M (12) 8,3 (1) - - - ]
SS M (228) 48,2 (110) 800(4) - 13,7 (7) 429 (3)
SA M (36) 30,6 (11) - - - -
SE_M (36) 11,1 (4) - - ] ]
VI_M (23) 34,8 (8) - 16,7 (2) 7,8 (4) -
MN_M (60) 26,7 (16) - 8,3 (1) 39(2 -
AR (120) 425 (51) - 16,7 (2) 11,8 (6) 14,3 (1)
CD (144) 19,4 (28) - - 39(22) -
CL (126) 19,0 (24) - - 59(3) -
GP (120) 17,5 (21) - - 20(1) -
SP (108) 259 (28) - - 20(1)  14,3(1)
IC (117) 29,9 (35) - 8,3 (1) 20(1) -
MA (119) 252 (30) - - 20(1) -
MF (120) 16,7 (20) - ; . ]
PS (119) 252 (30) - - - -
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SM (120) 82,5(99) - - 20(1) -

SN (120) 20,8 (25) - - - -
CS (119) 16,8 (20) - - - -
TE (83) 145 (12) - 8,3 (1) - -
TR (131) 21,4 (28) - 8,3 (1) 98(5) -
PAW (195) 30,8(60) 200(1) 167(2)  176(9) -
VI (92) 57,6 (53) - 16722  98(5) -

Overall 30,4 % (2443)

Table6 - Correct classification percentages among wild sligedocarps and archaeological ones identified
as O. europaeavar. sylvestrisfrom Mistras and Santa Giusta. The number of engsces given in
parenthesis.

Finally, the cultivated archaeological endocarpsrewanalysed to find possible
similarities with modern cultivars (Table 7). Theyere attributed with different

classification percentages to several accessioostdking into consideration the SGT-
ST A result, as only one seed was involved in skep, the highest rate of identification
with some of the modern groups of cultivars washed by the endocarps of MIS14
MIS15, with 39,1% on G4, followed by MIS09 with Z% on the same group (Table 7).

Correct Archaeological endocarps classification
Modern cultivar classification
samples of modern SGT_STA MIS14 MIS09
samples D) MIS15 (46) (22)
G1 (418) 41,1 (172) - - 45 (1)
CA (220) 14,1 (31) - 43 (2) -
G2 (445) 48,7 (169) - - -
Gl (216) 31,9 (69) - - -
G3 (217) 9,7 (21) - - 4,5 (1)
HB (215) 61,9 (133) - - 45 (1)
KA (220) 53,6 (118) - - 9,1 (2)
KO (218) 59,2 (129) - - -
LE (217) 23,0 (50) - 8,7 (4) 9,1 (1)
MAN (220) 36,4 (80) - 43 (2) 4,5 (1)
MO (216) 36,1 (78) - - -
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G4 (767)
NB (219)
G5 (902)
NE (220)
PE (118)
PI (220)
G6 (231)
SEM (219)
SV (214)
AS (99)
BC (85)
BS (100)
CAR (100)
CAS (98)
KON (99)
COR (100)
CU (99)
ER (100)
LEU (100)
LU (99)
MAI (100)
MAU (104)
MEM (99)
NM (94)
NO (95)
NU (99)
OL (25)
PAS (44)
PIC (99)
SF (100)
TI (100)
UP (96)

63,1 (484)
52,5 (115)
55,2 (498)
45,0 (99)
58,5 (69)
52,3 (115)
45,9 (106)
39,7 (87)
46,7 (100)
18,2 (18)
58,8 (50)
35,0 (35)
72,0 (72)
80,6 (79)
10,1 (10)
46,0 (46)
22,2 (22)
30,0 (30)
48,0 (48)
9,1(9)
20,0 (20)
31,7 (33)
53,5 (53)
14,9 (14)
51,6 (49)
29,3 (29)
52,0 (13)
13,6 (6)
21,2 (21)
59,0 (59)
26,0 (26)
55,2 (53)

39,1 (18)

4,3 (2)

6,5 (3)

2,2 (1)

2,2 (1)

6,5 (3)

6,5 (3)

2,2 (1)
100,0 (1) 6,5 (3)

2,2 (1)
2,2 (1)
2,2 (1)

22,7 (5)

13,6 (3)

9,1 (2)

4,5 (1)
4,5 (1)

9,1 (2)
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Overall 44,2 % (7968)

Table 7 — Correct classification percentages among culiiead archaeological endocarps identifie@as
europaeavar. europaeafrom Mistras. The cultivars are grouped accordmgheir genetic affinities. The
number of endocarps is given in parenthesis.

Discussion

The comparison between the olive endocarps founthi@@archaeological sites of Santa
Giusta and Mistras with modern samples collected amgient trees, wild olive
populations and cultivars, permits to elaborateedeht considerations on the presence of
the olive during the Archaic and Punic period irrdd@a. In the case of the samples
coming from the Archaic and Punic site of Santas@iythe statistical analysis revealed
how the samples SGT-ST A and SGT-ST B, dating i@y to the &-5" century BC
and to the '3-2"% century BC, when compared to one another, cleseparate in two
distinct groups according to their chronology. Bgtbups were recognised as wild olives,
except one endocarp from SGT-ST A, which was diasisas cultivated. The SGT-ST A
endocarps recognised as wild found the best clessdn with the modern accession
SS_M, that represents the ancient trees of Sannis(Villacidro, SW Sardinia), a
locality in the Middle Campidano plain distant sobfiekm from the attaeological sites;

the trees of San Sisinnio, possibly millennialgtaia to the most extensive aggregation
of wild olives of old age in Sardinia (Chessa 2013 the other side the SGT-ST B
sample resembles to several accessions, with gfiesti percentages on the accession of
VI_M from Giagazzu, Viddalba, situated at more tHe0 km from the site, in the
northern part of Sardinia, on AR, from Armungiajuate isolated population at some 80
km of distance from Santa Giusta, and on the woldybationof of PAW and VI; in these

two last cases the wild populations are situateithénterritory of Pau and Villaverde in
the Monte Arci, at less than 20 km from the site.

The endocarps from the different excavations helihé Mistras lagoon provided some
different results. The comparison between the ggadp514 and MIS15, dated to the
Archaic and Punic period {74™" century BC), and MIS09, coming from a slightly mor
recent context (32" century BC), showed a certain similarity. If thieranological
overlap is present, although low, the collectiogsanf the olives could perhaps have been
similar.

In the analysis with the modern sample, MIS14 MI8hBocarps were classified half as
wild olives and half as cultivars, while most oéthindings of MIS09 were attributed to
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cultivated olives. However, the result of the maeecific analysis was similar,
particularly in the case of the endocarps recogressdomesticated, as both groups found
a resemblance to the same modern accession. Ti@eatogical olive endocarps with
wild features were attributed predominantly to PAMI secondarily to SS_M, in the case
of MIS14 MIS15, while a greater part of MIS09 endgas with wild morphotype was
reconducted to SS_M. On the other side, the oreegynesed as cultivated were in both
cases similar to the modern sample G4. This result is quite remarkable; in fact, G4 is a
group that includes the cultivars Nera di Gonnas)f€tto, Maiorca, Sivigliana da mensa,
Manna and Tonda di Cagliari, which pertain to thme varietal group, and show genetic
affinities revealed by molecular analysis (Erre et al. 2010; Chessa 2013). They are all
traditional Sardinian cultivars, cultivated nowadary the Central-West and South-West
part of the Island, especially in the Campidan®abtano, the Middle Campidano, the
Trexenta and the Parteolla (Bandino & Sedda 204ABjhe same time, they have no
genetic affinities with any other registered cudtiy (Chessa 2013).

Even if the low number of the archaeological endosaonsidered does not allow strong
assessments, it is at least possible to undertinee gesults that seem significant. The
resemblance of the archaeological samples recabaseavild olives to the ancient trees
of SS_M, and secondly to isolated modern wild papohs, can be explained with the
sharing of archaic characteristics; this seems more reasonable than an affinity due to the
collection of wild olives in those same areas dyrihe antiquity. Nevertheless, this
possibility cannot be excluded for the populatiohthe Monte Arci, situated between 10
and 20 km from the archaeological sites; it can also be noted how previous analysis on
Prunus spinosarchaeological endocarps found in the Santa Giagtaon found the best
resemblances witR. spinosamodern samples collected in the Monte Arci (Ucahets
al. 2017).

Even more interesting is the closeness of the andbgical endocarps recognised as
cultivated with a group of cultivars typical of Sarian traditional olive-growing,
especially because the genetic data at dispogiamt to an autochthonous origin for
them. Without going as far as to claim an identtlg morphometric results presented, in
addition to the genetic analysis, reinforce thedtlgpsis of a local and ancient origin of
these typical Sardinian cultivars.

From the archaeological point of view, we shouldoiget that both sites are in some
degree related to the transport of goods andgmcélse of Mistras, recognised as possible

harbous; therefore, the presence of imported materials is possible. However, all the
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exposed data suggest a local provenance for thie efidocarps found in Santa Giusta
and Mistras. In any case the presence of cultivaligds is a clear fact. As already stated
(Sabato et al. 2019), the association of olive eadus with transport amphorae could be
a hint indicating their transport as fruits, orithése as ingredients of elaborated food
products. On the contrary, as the contexts arelgleat production sites, it is not possible
to advance hypothesis on the production of olive oi

In the last decades, thanks to archaeobotanicehres, our knowledge on the state of
agriculture and exploitation of plants in the Amtigvorld grow considerably. In the case
of Sardinia several studies already underlinedirtifortance of fruit trees in the local
agriculture since the Bronze Age, as is the caséisfvinifera(Ucchesu et al. 2015), and
from the Phoenician and Punic period in the caserohus domesticdUcchesu et al.
2017) and a variety of other fruits between whioh presence dd. europaeehas been
underlined (Del Vais & Sanna 2009; 2012; van Dommelen et al. 2018; Sabato et al. 2019).
Moreover, the presence Of. europaedn the area of Tharros, and in the same Mistras
area is already known thanks to palynological, mublogical and xylological analysis,
even if these procedures cannot enable a distmbgtwveen wild and domesticated olive
(Nisbet 1980; Lentini 1997; Acquaro et al. 2001; Di Rita & Melis 2013; Mureddu et al.
2020). At the same time a growing number of sclsakconcentrating the efforts on the
investigation of the agricultural exploitation ihet different regions interested by the
Phoenician and Punic presence; the studies are revealing the intensity of the agrarian
penetration, but also a variegated panorama o€atrral activities and products (van
Dommelen & Gomez Bellard 2008; 2012; Pérez et al. 2010; Roppa & van Dommelen
2012; Del Vais 2014; Roppa 2014; Secci 2016). The results here presented add now
significant information for what concer@ europaeaa fruit tree which still has great

agricultural and economic value at world scale.

Conclusions

The morphometric analysis on the olive endocarpadan the Santa Giusta and Mistras
lagoons was helpful in clarifying the state of elidgomestication in Sardinia during the
Archaic and Punic period. The use, or at leastpttesence, of wild olives in the two

contexts was recognised, and a high percentagemésticated olives was found in the
Mistras contexts. These domesticated archaeologioa endocarps showed a clear
resemblance with a group of Sardinian cultivarse Tasults prove the presence of

domesticated olives in Sardinia at least sincétishaic and Punic period. Furthermore,

91



it seems possible to hypothesise an ancient diagisome of the traditional cultivars still
grown on the Island. Further analysis, and an iwvgmeent of the archaeological and
modern olive fruit-stones database, will be uséfufuture investigations for a better
reconstruction of the history of olive domesticatiand for the detection of the origins

of the modern cultivars.
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Additional material

Sample code Type Cultivar Sampling area Mai.n areas of N
cultivation endocarps
AT M A Quaddoru - Atzara _ 48
BA M A Barbusi - Carbonia _ 12
GP_M A Golgo San Pietro - Baunei 36
BO_M A S'Orculana - Bottida _ 12
CU M A Tanca Manna - Cuglieri 12
LA M A Grumu orgiastru - Laconi 12
0z M A Meleu - Ozieri _ 11
PA M A Stazzareddu - Palau _ 12
US M A Niala - Ussassai _ 12
LU M A Santu Baltolu di Carana - 12
Luras
SS M A San Sisinnio - Villacidro 228
SA M A Valeri - Sarule _ 36
SE M A Sedduri - Bosa _ 36
VI_M A Giagazzu - Viddalba 23
MN_M A Santa Maria Navarrese - 60
Baunei
AR W Sa Pala e Steri - Armungia 120
BO W Tangone - Bosa _ 120
CD W Cala Domestica - Buggerru 144
CL W Cala Luna - Baunei _ 126
GP w Golgo is Piscinas - Baunei 120
SP W Golgo San Pietro - Baunei 108
IC W Is Cioffus - Assemini _ 117
MA W Capo Marrargiu - Bosa 119
MF W Mitza Fanebas - Assemini 120
PS w Perdu Secci - Assemini 119
SM w Capo San Marco - Cabras 120
SN w San Nicolo - Buggerru 120
SE w Sedduri - Bosa _ 117
CSs w Su Campu Santu de is Orru - 119
Assemini
TE W Agro di Teulada - Teulada 83
TR w Trunconi - Assemini _ 131
PAW W Agro di Pau - Pau 195
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VI

BOS
CA
CO
FR
Gl

GO
HB

KA
KO
LE
MAN

MO

NG
NV

NB

NE

PE
Pl
PC
SEM
SV
TC
AS

BC

BS

CAR
CAS
CON
KON
COR

O o o 0o

O o0

O o o O

O 0O 0 o0 o0 0 o0

O 0O oo oo o

Agro di Villaverde-

Villaverde

Bosana Cuglieri + Villasor AGRIS

Carolea Villasor AGRIS

Corsicana da olio Villasor AGRIS

Frantoio Villasor AGRIS

Giarraffa lllorai AGRIS + Villasor
AGRIS

Gordales Sassari AGRIS

Hojiblanca Sassari AGRIS + Villasor
AGRIS

Kalamata Villasor AGRIS

Koroneiki Villasor AGRIS

Leccino Villasor AGRIS

Manzanilla lllorai AGRIS + Villasor
AGRIS

Moresca lllorai AGRIS + Villasor
AGRIS

Nera di Gonnos  Gonnosfanadiga

Nera/Tonda di  Villacidro + Villasor AGRIS

Villacidro

Nocellara del lllorai AGRIS + Villasor

Belice AGRIS

Nocellara etnea lllorai AGRIS + Villasor
AGRIS

Pendolino Villasor AGRIS

Picholine Villasor AGRIS

Pitz'e Carroga
Cabras + Villasor AGRIS
Sivigliana da olio  Villasor AGRIS

Semidana

Tonda di Cagliari

Ascolana Villasor AGRIS
semitenera

Bella di CerignolaVillasor AGRIS
Bella di Spagna  Villasor AGRIS
Cariasina Villasor AGRIS
Cassanese Villasor AGRIS
Confetto Villasor AGRIS
Conservolia Villasor AGRIS
Coratina Villasor AGRIS

Sardinia
Italy

Sardinia
Italy
Sicily

Spain
Spain

Greece

Greece

Italy
Spain

Sicily

Sardinia

Sardinia

Sicily

Sicily

Italy

France

Dolianova + Villasor AGRISardinia

Sardinia

Sardinia

Dolianova + Villasor AGRISardinia

Italy

Italy
Italy
Sardinia
Italy
Sardinia
Greece

Italy

92

220
220
228
119
216

118
215

220
218
217
220

216

120
218

219

220

118
220
217
219
214
208
99

85
100
100
98
99
99

100
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COM

Cu
ER
GR

LEU
LU
MAI
MAJ
MN
MAU
MEM
NM

NO
NR
NU
oG
oD
oL
OLA
OoLU
PA
PAS
PIB
PIC
SF
SC
SVM

TG
P
TI

uP

O 00 000000 o000

O 00 000000000000

O o0 o0

C

Corsicana da
mensa

Cucco
Erkence
Grossane
Itrana
Leucocarpa
Lucques
Maiatica
Maiorca
Manna
Maurino
Memecik
Nocellara
messinese
Nociara
Nostrale di Rigali
Nucalia
Ogliastrina
Olia durci
Olia longa
Olianedda
Olieddu
Paschixedda
Passulunara
Pibireddu
Picual

San Felice
Santa Caterina
Sivigliana da
mensa

Terza grande
Terza piccola

Tonda iblea

Villasor AGRIS

Villasor AGRIS
Villasor AGRIS
Villasor AGRIS

Villasor AGRIS
Villasor AGRIS

Villasor AGRIS

Villasor AGRIS

Villasor AGRIS

Villasor AGRIS

Villasor AGRIS

Villasor AGRIS

Villasor AGRIS

Villasor AGRIS
Villasor AGRIS
Villasor AGRIS
Villasor AGRIS
Villasor AGRIS
Villasor AGRIS
Villasor AGRIS
Villasor AGRIS
Villasor AGRIS
Villasor AGRIS
Villasor AGRIS
Villasor AGRIS
Villasor AGRIS

Villasor AGRIS

Villasor AGRIS

Villasor AGRIS
Villasor AGRIS
Villasor AGRIS

Uovo di Piccione Villasor AGRIS

Sardinia

Italy
Turkey
France
Italy
Italy
France
Italy
Sardinia
Sardinia
Italy
Turkey
Sicily

Italy
Italy
Italy
Sardinia
Sardinia
Sardinia
Sardinia
Sardinia
Sardinia
Sicily
Sardinia
Spain
Italy
Italy

Sardinia

Sardinia
Sardinia
Sicily

Tunisia

99

99
100
99
107
100
99
100
70
86
104
99
94

95
100
99
92
14
25
94
98
100
44
100
99
100
99
184

100
92
100
96

ESM 1 - Modern endocarps lot details. A = Ancient olivég= Wild populations; C =

Cultivars.
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Sample code Cultivar samples Varietal group code tallemdocarps
BOS Bosana

oLuU Olieddu SG1 418
PIB Pibireddu

CA Carolea CA 220
FR Frantoio

(6{0) Corsicana da olio SG2 445
Gl Giarraffa Gl 216
GO Gordales

SC Santa Caterina SG3 217
HB Hojiblanca HB 215
KA Kalamata KA 220
KO Koroneiki KO 218
LE Leccino LE 217
MAN Manzanilla MAN 220
MO Moresca MO 216
NG Nera di Gonnos

CON Confetto

MAJ Maiorca

SVM Sivigliana da mensa SG4 767
MN Manna

TC Tonda di Cagliari

NB Nocellara del Belice NB 219
oG Ogliastrina

NV Nera/Tonda di Villacidro

OLA Olianedda

T Itrana_l SG5 902
COM Corsicana da mensa

TG Terza grande

TP Terza piccola

PA Paschixedda

NE Nocellara etnea NE 220
PE Pendolino PE 118
Pl Picholine PI 220
PC Pitz'e Carroga

oD Olia durci SG6 231
SEM Semidana SEM 219
Y Sivigliana da olio SV 214
AS Ascolana semitenera AS 99
BC Bella di Cerignola BC 85
BS Bella di Spagna BS 100
CAR Cariasina CAR 100
CAS Cassanese CAS 98
KON Conservolia KON 99
COR Coratina COR 100
Cu Cucco Cu 99
ER Erkence ER 100

106



GR Grossanne GR 99

LEU Leucocarpa LEU 100
LU Lucques LU 99
MAI Maiatica MAI 100
MAU Maurino MAU 104
MEM Memecik MEM 99
NM Nocellara messinese NM 94
NO Nociara NO 95
NR Nostrale di Rigali NR 100
NU Nucalia NU 99
oL Olia longa oL 25
PAS Passulunara PAS 44
PIC Picual PIC 99
SF San Felice SF 100
TI Tonda Iblea TI 100
uUpP Uovo di piccione UP 96

ESM 2 — Grouping of the cultivars according to previgusktected synonyms (Erre
2010; Bandino, Sedda 2013; Chessa 2013; http:/\elgadb.it).

ANF158 ANF97 ANF230  ANF153 Total
ANF158 100.0 (3) . . . 100.0 (3)
ANF97 - 1000 (3) - - 100.0 (3)
ANF230 . . 100.0 (4) - 100.0 (4)
ANF153 - - - 100.0 (4) 100.0 (4)
Overall 10C.0 (14)

ESM 3 - Correct classification percentages of archaecébglive endocarps from Santa
Giusta lagoon according to their pertinence toedght transport amphorae. The number
of endocarps is given in parenthesis.
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MIS14 MIS15
SEZ US2¢ US31 US3: US3Z US3E |US24  US2E Us2¢ Total
SEZ - - - 250(1) - - - 75.0(3) - 100.0
4)
uUs26 - 33.3 33.3(1) 33.3(1) 1000
@ 3)
US31 - - 36.4 (4) 36.4(4) 27.3(3) 100.0
(11)
xS Us32 - 84.6 15.4 (2) 100.0
(11) (13)
us34 - 57.1 (4) 42.9 (3) 100.0
(7
US35 - 16.7 (1) 16.7 (1) 66.7 (4) 100.0
(6)
us24 - 12.5(1) 62.5(5) 25.0(2) 100.0
8)
uUs25 - 17.4 (4) 39.1(9) 435 100.0
MIS15 (10) (23)
uUs26 - 9.1(2) 36.4(8) 54.5 100.0
(12) (22)
34.0
Overal (97)

ESM 4 - Correct classification percentages of archaecébglive endocarps from
Mistras 2014 and 2015 excavations according to gestinence to different stratigraphic
units. The number of endocarps is given in paremnshe

Correct classification Correct classification Correct classification

Sample code percentage 1st step  percentage 2nd step percentage 3rd step

AT _M(48) 0.0(0) - N |
BA M(12) 75.0(9) 83.3 (10) 83.3 (10)
GP_ M (36  16.7(6) 19.4 (7) 19.4 (7)
BO_M (12, 0.0(0) - -

CU M(12) 25.0(3) 33.3 (4) 33.3 (4)
LA M (12) 0.0(0) - -

oz M(@1  91() 9.1(1) 9.1(1)
PA_M (12 50.0 (6) 41.7 (5) 41.7 (5)
US M(12  83(1) 8.3 (1) 8.3(1)
LU M(12) 8.3() 8.3(1) 8.3(1)
SS M (228 49.1(112) 48.2 (110) 48.2 (110)
SA M(36)  25.0(9) 33.3(12) 30.6 (11)
SE_M (36 11.1 (4) 11.1 (4) 11.1 (4)
VI_M (23) 34.8 (8) 34.8 (8) 34.8 (8)
MN_M (60)  26.7 (16) 26.7 (16) 26.7 (16)
AR (120 425 (51) 425 (51) 425 (51)
BO (120 6.7 (8) 3.3(4) -

CD (144 18.1 (26) 20.8 (30) 19.4 (28)
CL (126 15.1 (19) 22.2 (28) 19.0 (24)
GP (120 18.3 (22) 18.3 (22) 17.5(21)
SP (108 25.9 (28) 25.9 (28) 25.9 (28)
IC (117 27.4 (32) 29.9 (35) 29.9 (35)
MA (119) 27.7 (33) 25.2 (30) 25.2 (30)
MF (120’ 13.3 (16) 16.7 (20) 16.7 (20)
PS(119 23.5 (28) 25.2 (30) 25.2 (30)
SM (120 82.5 (99) 82.5 (99) 82.5 (99)
SN (120 17.5 (21) 20.0 (24) 20.8 (25)
SE (117 4.3 (5) - .
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CS (119 10.9 (13) 15.1 (18) 16.8 (20)
TE (83 12.0 (10) 14.5 (12) 14.5 (12)
TR (131 19.1 (25) 20.6 (27) 21.4 (28)
PAW (195 31.8 (62) 32.3(63) 30.8 (60)
VI (92) 55.4 (51) 57.6 (53) 57.6 (53)
Overal 26.3 (2752 29.4 (2563 30.4 % (2443

ESM 5 — Correct classification percentages of ancieggrand wild olives. The

samples with a classification <5,0 % were progredgiexcluded, and the analysis

repeated until all the samples reached a corrassification >5,0%.

Sample code

Correct classification Correct classification
percentage 1st step percentage 2nd step

G1 (418)
CA (220)
G2 (445)
Gl (216)
G3 (217)
HB (215)
KA (220)
KO (218)
LE (217)
MAN (220)
MO (216)
G4 (767)
NB (219)
G5 (902)
NE (220)
PE (118)
PI (220)
G6 (231)
SEM (219)
SV (214)
AS (99)
BC (85)
BS (100)
CAR (100)
CAS (98)
KON (99)
COR (100)
CU (99)
ER (100)
GR (99)
LEU (100)
LU (99)
MAI (100)
MAU (104)
MEM (99)
NM (94)
NO (95)
NR (100)
NU (99)

39.0 (163)
11.4 (25)
46.4 (16.1)
26.9 (58)
8.3 (18)

65.1 (140)
55.5 (122)
59.6 (130)
20.7 (45)
35.5 (78)
36.1 (78)
63.1 (484)
53.0 (116)
54.8 (494)
45.5 (100)
58.5 (69)
52.7 (116)
45.0 (104)
40.6 (89)
425 (91)
17.2 (17)
57.6 (49)
37.0 (37)
72.9 (72)
80.6 (79)
9.1 (9)

46.0 (46)
22.2 (22)
30.0 (30)
4.0 (4)

49.0 (49)
9.1 (9)

21.0 (21)
31.7 (33)
51.5 (51)
14.9 (14)
51.6 (49)
3.0 (3)

24.2 (24)

411 (172)
14.1 (31)
48.7 (169)
31.9 (69)
9.7 (21)

61.9 (133)
53.6 (118)
59.2 (129)
23.0 (50)
36.4 (80)
36.1 (78)
63.1 (484)
52.5 (115)
55.2 (498)
45.0 (99)
58.5 (69)
52.3 (115)
45.9 (106)
39.7 (87)
46.7 (100)
18.2 (18)
58.8 (50)
35.0 (35)
72.0 (72)
80.6 (79)
10.1 (10)
46.0 (46)
222 (22)
30.0 (30)

48.0 (48)
9.1 (9)

20.0 (20)
31.7 (33)
53.5 (53)
14.9 (14)
51.6 (49)

égsam
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OL (25) 52.0 (13) 52.0 (13)

PAS (44) 15.9 (7) 13.6 (6)
PIC (99) 21.2 (21) 21.2 (21)
SF (100) 59.0 (59) 59.0 (59)
TI (100) 26.0 (26) 26.0 (26)
UP (96) 54.2 (52) 55.2 (53)
Overal 42.6 % (8167 44.2 % (7968

ESM 6 — Correct classification percentages of cultivaugs. The samples with a
classification <5,0 % were progressively excludad] the analysis repeated until all
the samples reached a correct classification >5,0%.
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Chapter 4

New insights on Vitis vinifera L. domestication process thanks to morphometric

analysis of archaeological grape pipsfrom Archaic and Punic sites of Sardinia

Introduction

The great interest that the grapevine has exercasell continues to exercise on
researchers, whether they are involved in biol@gronomy, archaeobotany or other
connected sciences, is quite understandable &gtiteof the importance of this plant in
history, since its domestication thousands of yeaws until these days. Its wild form,
Vitis viniferasubspsylvestris present in temperate regions of Eurasia and Néfrika,

is a perennial climber that reproduces from segdbdry et al. 2012). The domesticated
form, V. viniferasubspyvinifera, nowadays spread in almost all the temperate megyd
the world, is propagated by cuttings or graftingl{@ry et al. 2012; Mabberley 2017).
The berries oV. viniferahave been an attractive fruit for humans sinceea¢imes, as
they can be consumed fresh or dried, and usedtiupe the alcoholic product of wine
through fermentation (Zohary et al. 2012; Mabbe@6y 7). In fact, together wit®lea
europaeadl., V. viniferarepresents one of the first cultivated fruit tregesthe very first
hints of its domestication date to 6000 BC in Sat#ucasus (Hancock 2013; McGovern
et al. 2017). From that region the culture of tihapgvine spread to South-West Asia,
then to the Aegeus and finally to the western Mediinean (Zohary et al. 2012). Several
studies, based both on molecular data (Grassi. &08I3; Arroyo-Garcia et al. 2006;
Myles et al. 2011) and on morphometric featuresr@fet al. 2010; Ucchesu et al. 2015),
point to the existence of secondary domesticatenires in the western Mediterranean.
It also seems that the circulation of germplasnwbeh East and West was probably
limited (Bacilieri et al. 2013); geographical ongand morphological characteristics have
been used to define different morphotypes, tneentalis with larger berries, the
occidentaliswith smallest berries and fruitful shoots, and pleaticawith intermediate
characteristics (Hancock 2013).

The role of archaeobotanical investigations is &medntal in understanding how and
when the viticulture started or was introduced he tifferent areas, and how the
technigues and the cultivated varieties evolveddpcing the cultivars used nowadays.
The data for the western Mediterranean revealedgifsgpevine was already cultivated

during the Bronze Age in the Italian Peninsula (i et al. 2013) and in Sardinia
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(Ucchesu et al. 2015). In this areas there wasapsrn external input from the eastern
Mediterranean, especially the Aegean; it seemsiyncase that indigenous populations
quickly started the domestication of local resosrdarvelli et al. 2013; Ucchesu et al.
2015). In France grapevine cultivation and winedpiciion started presumably after the
foundation of the Phocean city of Marseille in 688G, and a few centuries later the
Etruscan also had a part in the establishmentictnture in other French Mediterranean
areas (McGovern et al. 2013). In the Iberian Per@nthe Phoenicians probably played
a major role in the introduction of this agriculilipractice (Buxé i Capdevila 1997;
Prados Martinez 2011).

Grape pips constitute the element\bfviniferamost usually found on archaeological
excavations, and they are therefore the main olajedisposition for archaeobotanical
studies concerning this plant. Their analysis presseeveral aspects that still deserve
deeper consideration. Some research groups manage@xtract DNA from
archaeological grape pips, obtaining precious mfdiron (Manen et al. 2003; Cappellini
et al. 2010; Bouby et al. 2021). However the extoacf the DNA from archaeobotanical
remains, a part from being a destructive technigsi@jot always possible or easy.
Morphology is considered by some scholars a notptetely safe diagnostic trait,
because the range of shape variation between willl @iltivated pips overlaps
considerably (Zohary et al. 2012); however, morpétrit analysis remains one of the
main tools at disposition for the study of archagadal grape pips (Milanesi et al. 2011;
Bouby et al. 2013; Orru et al. 2013; Pagnoux eR@l5; Ucchesu et al. 2015; Ucchesu
et al. 2016; Karasakis et al. 2018; Valamoti et 2020). Lately the efforts are
concentrating in understanding the relationshipvbenh the pip shape and the berry
shape, in an effort of obtaining a better intergtieth of the pip morphology (Bonhomme
et al. 2020), and in developing more effective ni@dier the interpretation of the data
(Martin-Gémez et al. 2020).

With regard to the western Mediterranean, Sardigiaan area of great interest to
understand the development of viticulture, thamkgg central position and to multiple
contacts at cultural, economic and political legteting the centuries. HeM. vinifera
subspsylvestrisgrows spontaneously (Lovicu 2010), but until reélyethe major role in
the introduction of the cultivated subspecies wésbated to the Phoenicians, although
grape pips had been found in contexts dated tBtbeze Age (Bakels 2002). Thanks to
an increased attention for archaeobotanical studm$to some successful excavations,

it is now possible to state that the autochthongusagic people had already started a
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process of selection of local wild grapevines & siecond half of the3millennium BC,
during the Middle Bronze Age, developing domes&datarieties at least from the Late
Bronze Age; the process progressively increaseddset the 9 and the 7 century BC
(Ucchesu et al. 2015). This makes Sardinia an eariyre of secondary domestication of
V. vinifera in the western Mediterranean. The importance dicwiure probably
increased in the following centuries, as proveddmarkable finds, especially in Archaic
and Punic sites (Marinval and Cassien 2001; Det dad Sanna 2012; van Dommelen
et al. 2012; Sabato et al. 2019).

The aim of this work is to study, with the helpmbrphometric analysis, the grape pips
found on Archaic and Punic sites of Sardinia; tluely will give information helpful to
understand how viticulture evolved during ttférillennium BC, and to find eventual

relations with the actual situation \gf viniferain the Mediterranean.

Archaeological contexts
The archaeological grape pips considered in th&k wome from different waterlogged
contexts, namely the Mistras Lagoon, the Santat&iusgoon and the coastal area of the

ancient city of Nora (Fig. 1).
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Fig. 1 — Position of the archaeological contexts. FromtiNao South: Mistras Lagoon, Santa Giusta

Lagoon, Nora.

The Mistras Lagoon is situated in the northern pétthe gulf of Oristano, in central-west
Sardinia; multidisciplinary researches interestbd airea since 2003, held by the
University of Cagliari, the Soprintendenza Archepta of Cagliari, the University of
Sassari and the CNR (Del Vais et al. 2008; 2018c®ei 2018; Del Vais et al. 2020).
The archaeological interest of the lagoon is relateits closeness to the ancient city of
Tharros; the investigations allowed to identify #iea as the harbour of this city between
the 7" and the 3 century BC (Pascucci et al. 2018; Del Vais et28120). Several
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excavation campaigns took place in different irggng spots of the lagoon, providing,
among the other results, the archaeobotanical ralstenere presented. In 2009 a
monumental structure present in the middle of #ymbn was investigated thanks to an
underwater survey; the carpological remains weredoin association with ceramic
fragments dating to theé?®" century BC (Del Vais et al 2020). Then during 2@
2015, the University of Cagliari excavated two eliffint areas of a sandy barrier located
inside the lagoon, formerly a palaeobeach (Pas@&iali 2018). The materials found in
the two sites are represented by pottery, animaé®owood and carpological remains;
according to preliminary results, they concern @agoegoing from the ¥ to the ¥
century BC in the 2014 excavation, and from tHe®the 3 century BC in the 2015
case (Del Vais et al. 2020), but further studies wrderway to provide more specific
dating.

The Santa Giusta Lagoon is situated in the ceptel of the gulf of Oristano, and is
related to the ancient Othoca, one of the most rtapb settlements during the Archaic
and Punic period in Sardinia (Del Vais 2010). Tlhespnce of an archaeological site
dating to the Archaic and Punic period inside thgobn has been known for several
decades (Fanari 1988). The Soprintendenza Archiealad Cagliari and the University
of Cagliari undertook extensive surveys and undewaxcavations since 2005,
documenting a large dispersion of archaeologicakna in the middle of the lagoon,
dating to two main phases attributable to tHe58 century BC and the'82" century
BC (Del Vais and Sanna 2009; 2012). The contexharacterised by the presence of
manufactured wood and ceramics, predominantly p@msamphorae, most of which
preserved in their entirety, although not sealeel ({fais and Sanna 2009; 2012). Those
amphorae, presumably produced locally accordiray¢haeometric studies (Amadori et
al. 2016), contain zoological remains, attributed large part to ovicaprids, and
carpological remains (Del Vais and Sanna 2009; 20t2hesu et al. 2017; Sabato et al.
2019).

Finally Nora, as Tharros and Othoca, is anotheéh@fmain cities in ancient Sardinia. It
is situated on the promontory of Capo di Pulahsgouthern part of the Island. Between
1978 and 1984 a French and Italian mission, undker &uthorisation of the
Soprintendenza Archeologica of Cagliari, accomgislunderwater investigations in
front of the promontory (Marinval and Cassien 208bnetto 2014). The materials
recovered probably indicate the presence of segbipivrecks of different age; among

those materials were present transport amphorBaadnician and Punic tradition, dated
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to the &' century BC and the®2" century BC, containing animal bones and grape pips
(Marinval and Cassien 2001; Poplin 2014).

Materials and methods

Archaeological samples

A total of 5948 archaeological grape pips were m®red in the analysis (Table 1).

From the Mistras 2014 and 2015 excavations (MIShd #I1S15) were selected
respectively 1960 and 321 pips, proceeding fronfedkht stratigraphic units. The
carpological remains were recovered thanks to yseematic sampling of the sediment
held during the campaigns; they are in an optimakgrvation state, thanks to the
underwater and anoxic conditions of the site. Téwiraent was processed by wash-over
and the seeds selected in the laboratories ofdhdirfan Germplasm Bank (BG-SAR),
were they are stored in deionised water at 5°C.

From the survey of Mistras 2009 (MIS09) come 258sprecovered on place during the
excavation and preserved in analogous conditiotisea®1S14 and MIS15 samples.

The pips from Santa Giusta were recovered in thediof two transport amphorae (Anf
627, from now on called SGT-A, and Anf T-01, call®@T-B) pertaining to the most
ancient phase of the archaeological site. As fesdmples from Mistras, the preservation
of the remains is optimal thanks to the charadiesi®f the sedimentation, and a total of
respectively 1130 and 1826 pips were used in théy/sis.

From Nora (NR) 461 grape pips were at disposifidrey come from a transport amphora
of Punic tradition, dated to thé®2" century BC. As the excavations in Nora took place
several years ago, the pips were eventually storeldied conditions, but this does not

seem to have altered the shape significantly.

Context Sample Date (centuriesBC)  Seed number
MIS14 US2: 7
MIS14 US2: 13
MIS14 US2E 142

. MIS14 US2 37

Mistras 2014 MIS14 US21 7th-3rd 9
MIS14 US3: 1011
MIS14 US3: 412
MIS14 US3! 327

Mistras 2015 MIS15 US2! 5th-3rd 15(
MIS15 US2¢ 171

Mistras 200! MIS09 3rd-2nc 25(

Santa Giusta SGT-A 6th-5th 113(
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SGT-B 182¢
Nore NR 3rd-2nc 461
Total 594¢

Table 1 - Archaeologicagrape pip lot details

Modern samples

The modern samples used as comparison materialsebzeted in Sardinia. Pips from 5
different populations of wild grape were collecsdng riverbanks and colluvial sites, in

areas as much as possible isolated from anthropimaconments, for a total of 1959 pips
(Table 2).

The great part of the cultivars were selected anftbld collection of Agris Sardegna

(Agricultural Research Agency of Sardinia) of Ussaadding to them an accession
harvested in the countryside of Cabras. In allc@#vars, for a total of 3199 pips, were

used (Table 2).

Samples Subspecies  Sample Distribution Berry Utilisation Total
provenance skin color seed
number
Aritzo w - - - - 442
Flumini w - - - - 424
Gutturt w - - - - 33¢
Lacon W - - - - 431
Santac w - - - - 32z
Alicante C Agris Ussan SAR, FR, S Black Wine 10C
Apesorgia net C Agris Ussan SAR Black Table 10C
Arvesiniadt C Agris Ussan SAR White Table 99
Axina de tres bie C AgrisUssan.  SAR, GF Black Wine 10C
Bovali manni C Agris Ussan SAR, SF Black Wine 10C
Caddit C Agris Ussan SAR Black Wine/Table 10C
Cannona C Agris Ussan SAR, FR, S Black Wine 10C
Caricagioli C Agris Ussan SAR, COR, S Black Wine 10C
Carignan C Agris Ussan SAR, FR, TUN, IN7 Black Wine 10C
Corniole C Agris Ussan SAR, INT White Table 10C
Galoppt C Agris Ussan SAR, ST White Wine/Table 10C
Giro C Agris Ussan SAR Black Wine 10C
Granatz C Agris Ussan SAR White Wine 10C
Gregu niedd C Agris Ussaa SAR Black Wine 10C
Grillu C Agris Ussan SAR, SIC White Wine 10C
Lacconarz C Agris Ussan SAR White Table 10C
Licronaxt C Agris Ussan SAR White Wine/Table¢ 10C
Licronaxu ner C Agris Ussan SAR Ros¢ Wine/Table¢ 10C
Luglience C Agris Ussan SAR, IT White Wine/Table 10C



Malvasia di Sardegi C Agris Ussan SAR, CR, IT, POR, £ White Wine 10C
Monice C Agris Ussan SAR Black Wine 10C
Moscatellc C Agris Ussan SAR, INT White Wine 10C
Muristellu C Agris Ussan SAR, COR, S Black Wine 10C
Nasc( C AgrisUssan.  SAR White Wine 10C
Niedder: C Agris Ussan SAR Black Wine 10C
Nuragus ner C Agris Ussan SAR Rose Wine 10C
Pascale di Caglic C Agris Ussan SAR Black Wine 10C
Remungiau di Sel C Agris Ussan SAR White Wine 10C
Semidan C Agris Ussan SAR White Wine 10C
Tittiacce C Agris Ussan SAR, St White Table 10C
Vermentinc C Agris Ussan SAR, COR, I’ White Wine 10C
Vernaccia di Oristano C Cabras - Sa SAR, IT? White Wine 100
(local name Ruda

Crannaccie

Table 2 - Modern grape pips lot details. The cultivars @eéned according to their predominant
denomination in Sardinia. The correspondence ofesohthe cultivars to varieties internationally
distributed is attested by genetic analysis (Rabiret al. 2012; Lovicu 201¥itis International Variety
Catalogue www.vivc.de). W = wild, C = cultivar, SARSardinia, COR = Corsica, CR = Croatia, FR =
France, GR = Greece, INT = International, IT #it#OR = Portugal, SP = Spain.

Image analysis

The archaeological and modern grape pips were sdamsing a flatbed scanner (Epson
Perfection V550), with a resolution of 400 dpi,darder to acquire their digital images
(Bacchetta et al. 2008). The morphometric pararset#fr each grape pip were
extrapolated from the images using the open sowafware ImageJ v. 1.52
(http://rsb.info.nih.gov/ij); 26 morphometric vabias were extracted thanks to the plugin
Further 80
elliptic Fourier descriptors (EFDs), describing twntour shape, were extrapolated as
described by Sau et al. (2019). The variables weee to build a database containing the

Particles8 (http://www.mecourse.com/landinig/sofsoftware.html).

descriptive features of the archaeological graps groups and of the modern wild and

cultivar accessions.

Statistical analysis

The database obtained was statistically examinadyube SPSS software (Statistical
Package for the Social Sciences) release 16.0 (8fSfBr Windows, Chicago, lllinois),
applying the Linear Discriminant Analysis (LDA). @iLDA, minimising the between
class distance and maximising the within-classadist, is useful to achieve the

maximum class discrimination. The approach is comgnased to classify and identify
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groups characterised by quantitative and qualegatariables (Bacchetta et al. 2008; Orru
et al. 2013; Ucchesu et al.2015; Sarigu et al. 28&0 et al. 2019), and is therefore apt
to find the best match between unknown groups.

Results

During the first step the analysis involved exche$y the archaeological grape pips, to
better define the groups and their eventual afésitA first comparison between the
samples of the different stratigraphic units of WdSand MIS15 was executed, to
investigate the opportunity of considering thensegarate groups or as a unique group.
That was done under the consideration that theegtsmof the two excavations were
analogous, and that their chronology overlaps eagpart. The analysis revealed how
the grape pips lots from the different layers, &man one site to another, find high
percentages of similarity between them, impedirgnidividuation of specific subgroups
(ESM 1). For this reason they are considered infdhewing analysis as a unique lot,
MIS14-15.0n the contrary the samples from the tmplaoras of Santa Giusta, SGT-A
and SGT-B, found a high percentage of correct dleason, and constitute therefore two
distinct groups (ESM 2).

The different archaeological samples, as definedahaeological and morphometric

considerations, were then compared one to anoiladi€ 3).

MIS14-15 MIS0¢ SGT A SGTE NR Total
MIS14-15 |34,7(792) 151(345) 159(362) 22,1(504) 12,2(278)  100,0
MIS09 16,0 (40) 46,0 (115) 9,2 (23) 22,0 (55) 6,8 (17) (Zi?)%)',o (250)
SGT-STA| 11,6 (131) 3,7(42) 67,4(762) 7,6 (86) 9,6 (109) 100,0
SGT-STB| 17,9(326) 9,0 (165) 50(91) 639(1166) 4,3(78) (iégoo
NR 7,6 (35) 2,6 (12) 8,7 (40) 1,3(6) 798(368) (110%2,3'(461)
Overal 53,9 (594¢€

Table 3 - Correct classification percentages of archagcédgrape pips from

the different contexts. Number of pips into brasket

The overall correct classification was 53,9%. Thghbst classification percentage was
reached by NR with 79,8%, followed by SGT A with,8% and SGT B with 63,9%.

MIS14-15 and MIS09 found lower correct classifioatpercentages, respectively 34,7%
and 46,0%; their misidentifications are distributad all the other samples, with the

highest percentages on SGT B and the lowest on NR.
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An additional analysis, which considered the cads@f the morphometric parameters
deriving from the previous results, recognisedraarkable level of distance of SGT-A
and NR from the other samples (Fig. 2). On the reoptthe group MIS14-15, and the

samples MIS09 and SGT-B found a closer relation.

MIS14-,
MISI5

SGT-B .

MIS09

SGT-A

NR

Fig 2 - Distribution of centroids deriving from morphonietanalysis of archaeological grape pips.

The archaeological grape pips were subsequentlysethin comparison to the database
of the modern wild and cultivars accessions. Eachageological sample was compared
as an unknown group to the entirety of the modaalthse divided into subspecies, to

evaluate the presence of wild or domestic morplegtyable 4).
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W C Total
77,7(1522) 22,3 (437) |100,0 (1959)
C 23,8 (761) 76,2 (2438) | 100,0 (3199)

Overall 76,8 (5158)

MIS14-15 | 34,4 (784) 65,6 (1497) 100,0 (2281)
MISO9 | 34,0(85) 66,0 (165) |100,0 (250)
SGTA |[349(394) 65,1 (736) |100,0 (1130)
SGTB [19,3(353) 80,7 (1473) | 100,0 (1826)
NR 34,1 (157) 65,9 (304) |100,0 (461)

Table 4 - Correct classification of modern and
archaeological grape pips according to their pentie to
V. viniferassp.sylvestrisor V. viniferassp.vinifera. The
archaeological grape pips were compared to the mode
lots as unknown groups. Number of pips into brazkét
= wild, C = cultivar.

Wild and cultivar modern samples reached a goodativelassification of 76,8%;
nevertheless, it has to be noted that low percestagf the two groups found
misidentifications on the other subspecies. Astlier archaeological grape pips, all the
groups were attributed with percentages highest %6 to the cultivars; in particular
SGT B reached the 80,7% of identification on theugrof the modern cultivars.
Considering this last result, that recognised tlagonty of the archaeological grape pips
as pertaining to domestic morphotypes, a deepdysasaoncerned the comparison of
the archaeological pips with the cultivar accessidn this phase only 500 grape pips
from each of the archaeological samples were rahdonosen and used in the analysis,
except in the case of MIS09 and NR, were all tlps prere considered, as those samples
do not reach the number of 500. The selected antbgieal assemblages were then
compared to all the cultivars present in the datal{fgSM 3). The archaeological grape
pips lots continued to find good correct classtfima percentages in the case of SGT A,
SGT B and NR, even if with some misidentificationiile MIS14-15 and MIS09 were
much more frequently misunderstood either withdtieer archaeological groups, either
with many of the modern cultivars in the datab&ethe contrary the modern cultivars,
which were in general well classified, only rardlyund misidentifications in the
archaeological groups.

In order to better investigate to which type oftimalrs the archaeological grape pips find
the best resemblances, a final analysis was exakdaterhich the archaeological samples

were compared one by one to the cultivars as unkrgraups (Table 5).
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o Archaeological seed lots classification
Correct classification

Cultivars of moder n samples MI1S14-15 (500, MIS09 (2500 SGT A (500 SGT B (5000  NR (461
Alicante (100 38,0 (38 0,63 - - 042 -
Apesorgia nera (10 45,5 (4¢ 0,6 (3 0,8 (2 - 0,2 (1 0,2 (1
Arvesiniadu (9€ 59,6 (59 04 (2 - - - 0,2 (1
Axina de tres bias (10 58,0 (58 0,2 (1 - - - -

Bovali mannu (10C 45,0 (45 6,4 (32 44 (11 0,8 (4 5,8 (29 2,0(9
Caddiu (10C 56,0 (56 2,8 (14 16 (4 - 1,4(7) -
Cannonau (101 62,0 (62 4.4 (22 246 15,8 (79) 105 22,3(103!
Caricagiola (10( 60,0 (60 0,6 (3 - 0,8 (4 16 (8 09 (4
Carignano (10( 60,0 (60 4.4 (22 328 2,6 (13 9,2 (46 209
Corniola (100 71,0 (71 10 (5 24 (6 0,€(3) 3,6 (18 -
Galoppu (10C 50,0 (50 3,8 (19 14,4 (36) - 1,2 (6 -

Giro (100 41,0 (41 24 (12 123 042 5.4 (27 115
Granatza (10( 70,0 (70 1,2 (6 08 (2 - - -

Gregu nieddu (101 64,0 (64 4,0 (20 123 3,2 (16 042 11,9 (55)
Grillu (100) 42,0 (42 6,6 (33 16 (4 14,8 (74) 1,2 (6 15,8 (73)
Lacconarzu (10( 52,0 (52 0,4 (2 - - - -
Licronaxu (100 25,0 (25 3.4 (17 082 2,8 (14 1,8 (9 2,6 (12
Licronaxu nero (10( 29,0 (29 4,2 (21 8,0 (20 9,4 (47 5,2 (26 6,8 (32)
Luglienca (10C 52,0 (52 13,4 (67) 19,6 (49) 5,8 (29 39,8 (199 04 (2
Malvasia di Sardegna (1 36,0 (36 1,2 (6 0,4 (1 0,6 (3 1,8 (9 4,6 (21
Monica (100 72,0 (72 0,6 (3 - - 04 (2 -
Moscatello (10C 87,0 (87 14,2 (71 6,4 (16 28,2 (141 - 7.4 (34
Muristellu (100 44,0 (44 2211 082 0,63 2,6 (13 0,73
Nasco (10C 31,0(31 3,8 (19 10,4 (26 0,2 (1 7,8 (39 04 (2
Nieddera (10( 31,0 (31 4.4 (22 246 4.4 (22 2211 3,5 (16
Nuragus nero (10 31,0(31 0,8 (4 08 (2 2,0 (10 14 (7 2,4 (11
Pascale di Cagliari (10 27,0 (27 0,2 (1 - - 0,2 (1 -
Remungiau dSerri (100 61,0 (61 0,84 1,23 0,2 (1 10 (5 1,3 (6
Semidano (10( 48,0 (48 4,8 (24 9,2 (23 0,6 (3 14 (7 2,4 (11
Tittiacce (100! 98,0 (98 0,63 123 - 0,63 -
Vermentino (10C 41,0 (41 4,6 (23 4,0 (10 6,2 (31 14 (7 11,1 (51
Vernaccia di Oristano (100) 57.0 (57 1005 08 (2 i 1005 i
Overal 51,4 (319¢

Table5 - Correct classification percentages of modertivark, and classification percentages of archagcdd
grape pips lots compared to modern cultivars ams$idered as unknown. Number of pips into brackets.

All the archaeological samples were widely distrdasliamong the various modern
cultivars. However MIS14-15, MIS09 and SGT B fouhé highest classifications on
cultivars nowadays used both as wine grapes amabés grapes, such as Galoppu and
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Luglienca. On the contrary SGT A and NR found tighbst correspondences on wine

grapes, such as Cannonau, Grillu and Moscatello.

Discussions

Several observations are possible at the lightefttorphometric and statistical analyses
which were executed. Concerning the archaeologigsd, the results showed closer
affinities between the samples coming from MIS14atl MIS09. This might be a
consequence of the closeness and analogy of thiextenThe nature of the area
investigated in the Mistras Lagoon is that of aapabeach with its foreshore, which was
used as harbour during the Archaic and Punic p€Radcucci et al. 2018; Del Vais et al.
2020). It is possible that the archaeological malterdetected by the investigations
represent a consequence of the loss of cargo framhoaed ships during transhipment
operations; sea and sedimentation dynamics cowe lizerefore spread analogous
materials in the wide area over the centuries,| tiné final occlusion of the lagoon
(Pascucci et al. 2018). A certain caution is neargsis the interpretation; the presence of
a harbour, and of ships, does not necessarily rttetrwe are dealing with imported
products, neither with local products destinedtexportation at large scale. The harbour
could have also been used as a quick transpor foutthe products of the hinterland
destinated to the same Tharros, or to the neigltgpareas. Intensive archaeological
surveys on the territory made in fact clear thas twas intensively exploited for
agricultural purposes, especially from tHe éentury BC, under the control of Tharros
and the economic and political impulse of Carthagelunisia, which exercised a
powerful influence on the Punic regions of the canvlediterranean (Del Vais 2014).
Concerning in particular the viticulture, the nanth part of the gulf of Oristano provided
proof of the presence of this activity since there and Iron Age (Orru et al. 2013;
Ucchesu et al. 2015). The activity probably inceebis the following centuries, as seems
proved by palynological analysis that revealedramease irV. viniferaconcentrations
during the % century BC in the area of Tharros (Acquaro eP@01; Di Rita and Melis
2016).

It is then interesting to note how the samples fidamta Giusta, SGT-A and SGT-B,
coming from two different transport amphorae, deady distinguished the one from the
other. This could mean that the two amphorae, &vemronologically close, contained
different types of grapes. The full study of thetaoners, and of the other products found

inside them in association with the grape pips,| wibpefully help for a better
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interpretation of this result. It can also be notedt SGT A does not seem to show
affinities with any particular one of the otherlaaeological samples, while SGT B shows
a certain similarity with MIS14-15 and MIS09; thasuld mean the presence of grapes
coming from varieties present also in the MIS adslages; as a partial explanation the
vicinity between the sites, and a possible shavingroducts or agricultural techniques,
should not be disregarded, but only more inclusittglies on the development of the
viticulture will enable more founded assessmentmificantly, NR represents the most
characterised sample in comparison with the otleeg;cordance to its provenience from
a completely different area of Sardinia; besides,ahronology of the transport amphora
from Nora, 3rd-2nd century BC, overlaps only intghe dates attested in the Mistras
Lagoon, while it is quite distant from those of #maphoras of the Santa Giusta Lagoon
here considered.

From the archaeological point of view, it is alsecessary to underline the continuous
recurrence of the association of grape pips, zeodbgemains and transport amphorae
on the Archaic and Punic sites of Sardinia: thithes case of Mistras (Del Vais et al.
2020), of Santa Giusta (Del Vais and Sanna 200822 ®f Nora (Marinval and Cassien
2001). As already suggested (Marinval and Cas9&1)? the findings seem to indicate
the use of grapes, and perhaps of a fermenteddnupt, in the conditioning of meat for
its conservation, even if other hypothesis, asrderpretation as food waste (Poplin
1980), should not be completely disregarded. Mogetive Anf T-01 from Santa Giusta,
that provided the sample SGT B here studied, redeah interesting association with
remains of the aromatic pla@briandrum sativunt..

Passing to the comparison with the modern matesdiat seems clear is the pertinence
of the majority of the archaeological grape pipgdmesticated morphotypes. However,
a certain percentage of wild morphotypes was asad in all the cases; the presence of
low percentages of fruits gathered directly from wild cannot be completely excluded,
also considering that this is a practice well doeatad in historical times (Lovicu 2010).
Other hypothesis can be considered, first of al férct that the high degree of shape
variability does not always enable a sure clas#ifim at subspecies level, as already
stated (Zohary et al. 2012). This is a point teetak even greater consideration when
dealing with ancient material, where the existenice&eakly domesticated forms should
be considered.

The comparison of the archaeological grape piph Wie modern cultivars underline

other aspects. First of all, the fact that MIS14atisl MISQ9 find extremely numerous
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resemblances with a wide number of modern cultjvars addition to the
misidentifications with the other archaeologicalgps, makes patent the presence, inside
of the grape pips lots coming from Mistras, of nuooes varieties of grapes, confirming
an impression resulting also from the optic exanthef samples (Fig. 3). On the other
side the remaining groups, SGT A, SGT B an NR, dviirey also show similarities with
the other archaeological and modern samples, sagewgore homogenous. This can be
easily explained by the consideration that eaclofigrape pips from Santa Giusta and
Nora come from one individual container, while lwgers of the Mistras Lagoon present

a mixture of materials, consequence of several tevand of natural sedimentation

YR

processes.

Fig. 3 — Different morphotypes detected at the optic exasite the grape pips lot of MIS14-15.

Finally, the similarities found with the last angily, that compared the archaeological
grape pips to the cultivars as unknown, seem to oy@v interesting perspectives to
future research. In fact, while the archaeologgralups MIS14-15, MIS09 and SGT B

showed greater percentages of affinity with moaeittivars used nowadays both as wine
and table grapes, in reason of a bigger dimensnuhc@nsistence of the berries, as
Galoppu and Luglienca, SGT A and NR found highestespondences with varieties
used exclusively for the production of wine, as @arau, Grillu and Moscatello

(Robinson et al. 2012; Lovicu 2017). It seems tfugeepossible to infer the presence of

a diversified viticulture in Archaic and Punic Saud, interested by the presence of
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several developed domestic varieties, with thectele of grapes with larger berries,
more attractive for the consumption of the fruigsh or dried. This aspect, concerning
the correlation between the size and shape ofdhréel, and the subsequent development
of the pips, certainly deserves a deeper investigaand will be object of special
consideration in the prosecution of the study.

In conclusion, the situation of the viticulture 8ardinia seem to have successfully
continued its evolution since its first documemtatduring the Bronze Age (Ucchesu et
al. 2014). This could have happened thanks to ddleal secondary domestication events,
and perhaps to the circulation of vine-stocks betwegions. The transport and exchange
of grapevine varieties is in fact proved by thaliiig of vine root-stocks on the El Sec
shipwreck, off the coast of Mallorca, dated to 4itie century BC (Arribas et al. 1987).

In more general terms we can point out how, with itncrease of archaeobotanical
researches, the picture of Sardinia during the @&icand Punic period is becoming more
and more variegated. If until a few decades agwgied its interpretation as a region
dedicated predominantly to the cultivation of césdar the supply of Carthage (Barreca
1988; Moscaiti, et al. 1997; Manfredi 1993, Krin@®Q), it is now clear that a diversified
agriculture and circulation of vegetal food supplieterested the island, as proved by the
increasing findings of other cultivated speciegabty fruit trees as for example the plum
(Prunus domestica.) and the olive Qlea europaed.. var. europaed (Ucchesu et al.
2017; Sabato et al. 2019).

Conclusions

The morphometric analysis of the grape pips foumdichaic and Punic archaeological
sites of Sardinia point out the importance of tiiewture during that period, revealing
the presence of high percentages of domesticagguegiihe development of different
grape varieties is another clear result of theystintluding the possibility of the selection
of types with larger berries, more attractive inre of edibility, an aspect that will be
more deeply investigated in the following studies.

Furthermore, this work gives an important contiidmitto the reconstruction of the
agriculture and economy of Sardinia during thaiqakrthe situation seems nowadays
much more diversified than what thought in the pistades, and characterised by a
variegated presence of cultivated products.
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(5) (12 0 (€]
Gird (36)
1,0 (1) - 1,0 |- - 1,0 2,02 10(1) 1,0 (1) - - 3,0 690 - 4,0 (4) - - 404 - 4,0 (4)
Granatza (1) (1) 3) (69)
Gregu - - 30 |- 1,0 (1) 2,0(2) - 3,0 - 2,0(2) 1,0 (1) - - 20 20() 570 20 - 1,0 (1) - 202 - 8,0 (8)
nieddu 3) 3) (2) 57 (2
1,0 (1) 30 - 6,0 |- 1,0 (1) 2,0 - 3,0(3) 3,0(3) 10,0 (10) - - - 202 - 480 - 1,0 (1) - 1,01 - 7,0(7) 1,0 (1)
Grillu 3) (6) (2) (48)
Lacconarz | - - - - 202 20(2 1,0 (1) 2,0 3,0 2,02 1,0(1) - - 1,0 13,0 1,0 1,0 53,0 (53) - - 202 1,0(1) 1,0 (1)
u 2 (3) 1 13 (€} 1)
1,0 (1) 20 - 1,0 |10(1) 3,0(3) - - 1,0(1) 30(3 7,0(7) 10,0 (10) - - 1,0 10(1) 1,0 4,0 - 26,0(26) 10,0 (10) 3,0(3) 1,01 - 6,0 (6)
Licronaxt 2) 1) 1) (1) 4
Licronaxu | 2,0(2) 6,0 - 20 10 |- 3,0(3) 1,0 - 3,0(3) 5,0 (5) 1,0(1) 30() 40 - 1,0 2,0 - 10,0 (10) 30,0(30) 8,0 (8) 1,0(1) - 4,0 (4)
nerc (6) @ @ 1) 4) (€} 2
1,0(1) 6,0 40 - - 2,0(2) 7,0 5,0 - 2,0(2) 4,0 (4) 50() 202 40 - - - - 2,0(2) 5,0 (5) 38,0(38) - -
Luglienca (6) (4) (@) (5) 4)
Malvasia | - - - 50 |[50(5) 1,0(1) - 2,0 1,0(1) 404 303 - - 10,0 3,0 8,0(8) 1,0 (1) - 35,0 - 9,0(9)
di (5) 2 (10) (3 (35)
Sardegn
- - 1,0(1) 1,0(1) 2,0 - 1,0 (1) 1,0(1) 130 30 - - 5,0 (5) - - - 61,0
Monice 2) (13) (©)] (61)
- 1,0 - 1,0 |- - 1,0 (1) - 2,0(2) - - - - 1,0 1,0 - - - - - 88,0 (88)
Moscatello (1) (1) (1) (1)
1,0 (1) - 1,0 10 [50(5) 1,0(1) 4,0 - 1,0 (1) 1,0 (1) - 1,0(1) 20 90() 7,0 2,0 - 2,0(2) - 1,0 (1) 202 - 38,0 (38)
Muristellu (1) (1) 4) (2) 7 (2)
1,0(1) 2,0 20 - 1,0(1) 20(2 6,0 8,0 - 1,0 (1) - 90(© 80 10(1) 1,0 - - 1,0 (1) - 5,0 (5) 202 70 1,0 (1)
Nasco 2 ()] (6) (8) (8) (€]
303 - - - - - 3,0 - 5,0 (5) 3,0(3) - - 30 - 3,0 6,0 - 7,0 (7) 3,0(3) 1,0 (1) - - 4,0 (4) 6,0 (6)
Niedder: 3) 3) 3 (6)
Nuragus 1,0 (1) 10 - 40 |10() - 1,0 (1) 6,0 1,0 1,0(1) 404 9,0(9) 5,0 (5) 1,01 - 20 60(6) 40 2,0 - 3,0(3) 2,0(2) - 1,01 - 7,0(7)
nerc 1) (4) ® @) (2 4) (2
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Conclusions

The present work provides numerous and diversifitarmation on the exploitation of
the vegetal resources, and on the impact of theahuactivities on the environment,
during the Archaic and Punic period in Sardinia.

The selection of materials proceeding from wategémhcontexts was very useful at this
regard, in particular for what concerns the harlsiterinvestigated in the Mistras Lagoon.
The impregnation in water, and the anoxic condgjdiavoured the preservation of a
guantity and variety of vegetal macroremains naeeovered before in a Sardinian
context, although a significant role in the obtentiof such relevant results had the
application of specific archaeobotanical procedusiésce the beginning of the
archaeological excavations held on the site. Tadittonal crops, as cereals and pulses,
are joined by a great range of cultivated and gath&uits, in some cases already well
attested in preceding Bronze Age sites, as theegnap and the fig, and in some cases
new acquisitions of the period under considerat@snthe cultivated olive, the plum, the
pomegranate, to cite only a few of the attesteaispe The fact that the territory was
intensively exploited is confirmed by the analysithe macroremains ascribable to the
spontaneous vegetation, attributed in great paymanthropic plants, typical of pastures
and cultivations.

The new data provided from the vessel recoverdarSanta Giusta Lagoon is in line,
from the one side, with previously known data amalssociation of bones of slaughtered
animals with grapevine remains, as a content oispart amphorae of Phoenician and
Punic tradition; on the other side the study predug new important information, thanks
to the attestation of abundant coriander remairesjipg an introduction and utilisation
of this spice.

Moreover the morphometric analysis on the oliveosagps found in Mistras and Santa
Giusta proved that the domestication of this pleed already well developed in the Island
at the times, documenting varieties somehow sindlactual traditional olive cultivars
of Sardinia. In analogous way the morphometricysigalon the grape pips from Mistras,
Santa Giusta and Nora, revealed the copresenaenvoflimbers of wild morphotypes,
with a clear predominance of cultivated morphotypreside the different assemblages it
was possible to identify various morphotypes, rémgahow the viticulture was
developed at the point that it was already charesete by the presence of a great number

of types of cultivated grapevine.
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In conclusion, the study provided data useful @ d@nchaeological reconstruction of the
Archaic and Punic Sardinia, more specifically fonaw concerns the agricultural and
environmental aspects. Particularly important e ¢onsiderations which regard the
introduction of new cultivated species, presumablgonsequence of the action of
Phoenician people, and in great part of the in@edf the Island in the economic, political
and cultural influence of the North-African city @farthage. The image that can be
pictured is that of a developed and well diversifagriculture.

These considerations cannot be regarded in anyawaypoint of arrival; on the contrary
they must be looked at as a point of depart for mex@stigations, to be conducted in

more detailed, interdisciplinary and comprehensrag.
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