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Abstract
The present study concerns the Phoenician-Punic site of Motya, a small island set in Western Sicily (Italy), in the Marsala 
Lagoon (Stagnone di Marsala), between Trapani and Marsala. A big disposal pit, datable to between the first half of the 8th  
and the mid-6th century bc, was identified in Area D. This context was sampled for plant macro-remains through bucket 
flotation. Palynological treatment and analysis were also performed on soil samples collected from each of the identified 
filling layers. The combination of the study of macro- and micro-remains has shown to be effective in answering questions 
concerning introduced food plants and agricultural practices, and native plants, including timber use. Here we investigate if 
a waste context can provide information about Phoenicians at Motya and their impact on the local plant communities. We 
found that human diet included cereals (mostly naked wheat), pulses and fruits. A focus was placed on weeds (including 
Lolium temulentum and Phalaris spp.) referable to different stages of crop processing. This aspect was enriched by the finding 
of cereal pollen, which suggests that threshing (if not even cultivation) was carried out on site. Palynology also indicates an 
open environment, with little to no forest cover, characterized by complex anthropogenic activities. Anthracology suggests 
the presence of typical Mediterranean plant taxa, including not only the shrubs Pistacia lentiscus and Erica multiflora, but 
also evergreen oaks. The presence of a stone pine nut and of Pinus pinea/pinaster in the pollen rain is noteworthy, suggesting 
the local occurrence of these Mediterranean pines outside their native distribution range. This represents the first such find 
in the central Mediterranean. Finally, the present study allows us to compare Motya’s past environment with the present one. 
The disappearance of Juniperus sp. and Erica arborea from the present-day surroundings of the Marsala lagoon appears to 
be related to land-overexploitation, aridification or a combination of both processes.
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Introduction

“Phoenicians” is the label given by Greeks to a multifac-
eted culture of the coast of the Levant, which spread across 
the Mediterranean between the second and the first millen-
nium bc bringing a new socio-economic model – that of the 
port-city – and a revolutionary cultural tool: the alphabet. 
This was not the only innovative element transplanted in 
the Western Mediterranean (López-Ruiz and Doak, 2019). 
Epigraphy and written sources have provided a large set 
of data on the Phoenicians in the Western Mediterranean, 
however archaeology is enlarging our knowledge on their 
materiality and daily life in Phoenician centres. Knowledge 
regarding their use of plants and on the important impact 
they had on the ancient environment is limited to studies 
on Phoenician plant fossils restricted to Sardinia, Italy (e.g. 

Communicated by W. Tinner.

 * Claudia Moricca 
 claudia.moricca@uniroma1.it

1 Department of Earth Sciences, Sapienza University of Rome, 
Piazzale Aldo Moro, 5, 00185 Rome, RM, Italy

2 Department of Environmental Biology, Sapienza University 
of Rome, Piazzale Aldo Moro, 5, 00185 Rome, RM, Italy

3 Department “Italian Institute of Oriental Studies – ISO”, 
Sapienza University of Rome, Piazzale Aldo Moro, 5, 
00185 Rome, RM, Italy

4 Institute of Biosciences and BioResources (IBBR; Unit 
of Palermo), National Council of Research of Italy (CNR), 
Via Giovanni Pascoli, 6, 90133 Palermo, PA, Italy

http://orcid.org/0000-0001-5288-300X
http://crossmark.crossref.org/dialog/?doi=10.1007/s00334-021-00834-1&domain=pdf


 Vegetation History and Archaeobotany

1 3

Buosi et al. 2017; Ucchesu et al. 2017; Sabato et al. 2019), 
Southern Iberia (e.g. Buxò 2008), Tunisia (van Zeist et al. 
2001), Morocco (Grau Almero 2011) and Lebanon (Badura 
et al. 2016; Orendi and Deckers 2018). Such studies focus 
on macro-remains, with pollen sometimes being introduced 
as a complementary tool (e.g. van Zeist et al. 2001; Sabato 
et al. 2015).

This study intends to substantially widen this panorama 
including Western Sicily, which was a main landing point 
for Phoenician communities during their expansion in the 
Mediterranean.

Although numerous archaeobotanical studies have been 
performed on Sicilian material (total of 32; Mercuri et al. 
2015), studies on early to mid-first millennium bc material in 
Sicily are scarce and only concern the sites of Rocchicella-
Palikè near Mineo (Castiglioni 2008), Monte Polizzo 
(Salemi) and Selinunte (Stika 2004; Stika et al. 2008; Stika 
and Heiss 2013). Pollen records confirm a heavy environ-
mental impact during the period of Phoenician occupation 
with the opening of coastal forests in both inland and coastal 
Sicily (Sadori and Narcisi 2001; Noti et al. 2009; Tinner 
et al. 2009; Calò et al. 2012; Sadori et al. 2013).

Motya (also known as San Pantaleo) is a small island (ca. 
40 ha) located off the western coast of Sicily (Fig. 1a), in the 
Marsala Lagoon, between Trapani and Marsala (Fig. 1b). 
Thanks to its sheltered and strategic position in the middle of 
the Mediterranean, as well as to the presence of fresh-water 
sources (Di Mauro et al. 2011), the site has been inhab-
ited since at least the 17th century bc and was chosen by 
Phoenicians as a colony in the 8th century bc. Although the 
Phoenician-Punic occupation lasted until the siege of Motya 
in 397 bc, the island continued to be inhabited in the follow-
ing centuries (Nigro 2007). The “Missione Archeologica a 
Mozia” of Sapienza University is responsible for excavations 
on the island since 1964, under the lead of Lorenzo Nigro 
starting from 2002.

These recent excavations have provided stratigraphic 
sequences anchored to radiocarbon dates, which backdate 
the acquaintance of Levantine peoples with the island to 
the second millennium bc, as described by the sequence of 
material cultures (Nigro 2016). Archaeobotanical analyses 
have so far only been performed in the area of the sanctuary 
of Cappiddazzu, revealing information regarding the use of 
plants in animal sacrifices (Moricca et al. 2020b), and on the 
submerged causeway which once connected the Northern 
Gate of Motya to the opposite coast near the district of Birgi 
(Terranova et al. 2009).

The present paper is aimed at framing the Phoenician 
inhabitants of the small island of Motya in the landscape 
they have modified through centuries, cultivating and 
exploiting the natural resources of the territory starting from 
the earliest stages of the Phoenician settlement. This allows 
assessment of the Levantines/Phoenicians’ contribution to 

the modification of the environment and the cultural contri-
bution given by them in terms of plant introduction and use 
both for nutritional and curative purposes (Moricca et al. 
2020b).

This is the first systematic study of this kind for a Phoeni-
cian site in Sicily, combining the study of seeds and fruits, 
wood and pollen. The novelty of this study is also given 
by the peculiar context itself, a rich waste pit providing an 
insight into daily life during two centuries (ca. 750–550 bc) 
of continuous occupation of the site.

Materials and methods

The archaeological site of Motya is divided into a series 
of areas labelled using letters. Area D lies on the south-
eastern slope of the Acropolis of Motya, in the centre of the 
island, with the highest altitude of 6 m a.s.l. (Fig. 1c). Recent 
excavations by Sapienza University of Rome revealed that 
this area houses the oldest settlement stages at Motya, as 
already hypothesized by J. Whitaker in 1921 (Nigro et al. 
2002). During the campaigns of 2004–2005 and 2016–2019, 
a large disposal pit, F.1112, was uncovered and excavated. 
This showed signs of burning and was therefore selected for 
archaeobotanical analysis. Apart from the archaeobotanical 
remains, the excavation has revealed an impressive amount 
of other materials, which include shells, animal bones and 
broken ceramics. The latter have provided a chronology 
ranging from the first half of the 8th to the mid-6th century 
bc (this study).

Six stratigraphic units (SU) – SU 1112, SU 2268, SU 
1406, SU 1407, SU 1492 and SU 7234 – corresponding 
to four depositional phases, were identified in the studied 
deposit. These stratigraphic units spread over an area of 
29  m2 to a depth of 1.35 m (Fig. 2). They correspond to a 
series of events close in time, which have the most recent 
chronological limit in the mid-6th century bc. On this date, 
a radical rearrangement of the area took place modifying 
the plan and the urban layout, and, probably, also its func-
tion. The archaeological deposit consists of a series of fills 
of organic and inorganic materials, dating from the mid-8th 
to the mid-6th century bc (Table 1). Four filling layers (FL) 
have been identified and dated, using the range of pottery 
content. These correspond to four distinct anthropological 
phases through time, each ending with an in-situ fire.

Macro‑remains

A pilot study was carried out on preliminary samples 
retrieved from the pit in summer 2017. An unknown vol-
ume of material from the top of SU 1112 was dry sieved on 
a series of nested sieves of mesh size 10, 5 and 2 mm.
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Systematic sampling of the pit was carried out dur-
ing the excavation campaign of 2018. Samples of known 
volume (333 L total; ESM Table 1) of sediment coming 
from each of the filling layers were processed on-site 
using bucket floatation. This allowed the charred mate-
rial to float on the water surface and to be caught on a 
sieve of mesh size 250 µm. The heavy residue was water 
sieved using a mesh size of 1 mm in order to collect any 
residual remains, both charred and mineralized. Once 
dry, the sediments were brought to the lab and sieved on 
a series of nested sieves with mesh size 2, 1 and 0.5 mm 
(for the light fraction) or 5, 2 and 1 mm (the heavy frac-
tion), in order to increase the efficiency of hand-picking. 
Archaeobotanical remains were subsequently separated 
from the residual sediment. Carpological remains were 
observed using a Leica M205C stereomicroscope (magni-
fication between 8× and 78×). We acquired high resolution 
images of plant macrofossils with a Leica IC80 HD camera 
using the software Leica Application Suite, version 4.5.0. 
Seeds and fruits were identified using atlases and online 
resources, including Jacomet (2006), Neef et al. (2012), 

Cappers and Bekker (2013), Nesbitt (2016) and Pignatti 
et al. (2017–2019). Anthracological remains >2 mm were 
selected for analysis using a Nomarski microscope (phase 
contrast microscope with differential interference con-
trast) and identified using atlases available for the study 
of Mediterranean trees and shrubs (Schweingruber 1990). 
Unfortunately it was not possible to use the novel approach 
involving High Resolution Magnetic Resonance Imaging 
proposed by Capuani et al. (2020), as it is not suitable 
for charred wood. The botanical nomenclature follows the 
Euro + Med PlantBase (2006) for carpological remains,  
Schweingruber (1990) for anthracological remains, Cam-
bini (1967) for Quercus taxa and Greguss (1955) for Pinus 
taxa. The findings issuing from plant remains (charcoal, 
seeds) and pollen were compared with the data issuing 
from previous literature concerning current local vascu-
lar flora (Pasta 2004; Scuderi et al. 2007 and references 
therein) and vegetation (Guarino and Pasta 2017 and refer-
ences therein).

Pollen

Palynological analysis was performed in support of the 
study of macro-remains. A soil sample was collected from 
each filling layer, for a total of four samples. In case of fill-
ing layer I–III, comprised of SU 1112 and 2268, and filling 
layer IV, comprised of SU 1406 and 1407, a single sample 
was collected per filling layer (Table 1). The samples were 
chemically processed following Faegri and Iversen (1989) 
at the Laboratory of Archaeobotany and Palynology at Sapi-
enza University of Rome. Sample residues were later sieved 
using a 10 µm nylon sieve and treated with ultrasound at the 
Department of Geology and Geoenvironment of the National 
and Kapodistrian University of Athens in order to obtain 
clearer slides. A known quantity of Lycopodium spores was 
added to each weighted sample in order to estimate pol-
len and non-pollen palynomorphs concentration (NPPs; 
Stockmarr 1971). Pollen identification was carried out 
using atlases (Reille 1992–1998; Beug 2004). The features 
reported by Smit (1973) were used to distinguish oak pollen 
taxa. The identification key by Andersen (1979), readapted 
to glycerine as a mounting medium, was used to distinguish 
among cereal taxa. The pollen diagram was drawn using the 
TILIA program (Grimm 1991).

Results

Macro‑remains: fruits and seeds

A total of 3,151 carpological remains, belonging to 78 dif-
ferent plant taxa, were recovered from the studied deposit 
(ESM Table 1; Fig. 2). These also include the remains 

Fig. 1  a The geographic location of Motya with reference to the Iron 
Age sites of Monte Polizzo and Selinunte, the pollen sequences of 
Gorgo Basso and Pergusa, and other locations mentioned in the text; 
b the position of Motya within the Marsala lagoon; c the position of 
Area D within the site of Motya, courtesy of Sapienza University of 
Rome Expedition to Motya
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recovered during the preliminary sampling of 2017, 
although these are only taken into consideration for qualita-
tive analysis. Although most plant remains were preserved 
by charring (Fig. 3), some mineralized specimens were also 
present. Unfortunately, due to fragmentation, the variable 
conservation state and intra- and inter-species variability, 
it was not always possible to identify specimens at the spe-
cies level. The most represented taxa were Hordeum vulgare 
L. (barley, both hulled and naked), Triticum aestivum L./T. 
durum Desf. (naked wheat), Vitis vinifera L. (grape), and 
wild grasses such as Phalaris sp. and Lolium temulentum 
L. (darnel). Nonetheless, a wide variety of cereals includ-
ing Avena cf. sativa L. – oat, Triticum turgidum ssp. dicoc-
con (Schrank) Thell., also known as T. dicoccon (Schrank) 
Schübl – emmer wheat, and T. monococcum L. – einkorn, 

represented also by scarce chaff remains, and pulses (Lens 
culinaris Medik. – lentil, Pisum sativum L. – green pea, 
Vicia ervilia (L.) Willd. – bitter vetch, V. faba L. – faba bean, 
and Vicia/Lathyrus was found.

Pips, undeveloped pips and pedicels of V. vinifera were 
present. Olea europaea L. (olive) endocarps, Punica grana-
tum L. (pomegranate) pericarp fragments and Pinus pinea 
L. (stone pine) seed and scale fragments were also found. 
Crataegus monogyna Jacq. (common hawthorn), Crataegus 
sp. and Ficus carica L. (Fig. 3) completed the fruit assem-
blage. A fragment of Linum usitatissimum L. (linseed) seed 
was also retrieved.

Approximately 40% of the assemblage is constituted of 
weeds typically growing in cultivated crop fields and rud-
eral species. The most abundant taxa belonging to these 

Fig. 2  Pit F.1112 and the related stratigraphy in Area D at Motya; seen from north

Table 1  Stratigraphy of disposal 
pit F.1112

Filling layer (FL) Stratigraphic units (SU) Date

I–III 1112 and 2268 End of 7th – mid 6th century bc
IV 1406 and 1407 Mid 7th century bc
V 1492 End of 8th – first half of the 7th century bc
VI 7234 Mid to second half of the 8th century bc
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categories are Lolium temulentum, Phalaris sp. and Phala-
ris cf. minor Retz. However, remains of Calendula arven-
sis (Vaill.) L., Chenopodiastrum murale (L.) S. Fuentes & 
al., Euphorbia helioscopia L., Heliotropium europaeum L., 
Sherardia arvensis L., Silene sp., Urtica membranacea Poir 
and Urtica urens L. were also found, among others.

Macro‑remains: wood charcoals

The anthracological analysis concerned a total of 870 
fragments of charred wood. These have been identified as 
belonging to 19 different taxa (ESM Table 2). Evergreen 
oaks (likely Quercus ilex L. or Q. coccifera L.) account for 
ca. 24% of the assemblage (211 fragments), followed by 
Pistacia lentiscus L. (lentisk: 14%), Olea europaea (olive: 
12%) and Rhamnus/Phillyrea (10%). Some fragments were 
identified as Pistacia sp. (10%) and Quercus sp. (2%) due 
to limited size or bad preservation state. However, it is 
probable that they are related to lentisk or terebinth, and to 
evergreen oaks, respectively. As for the fragments referred 
to Rhamnus/Phillyrea, although these two genera belong 
to two different families, i.e. Rhamnaceae and Oleaceae, 
their identification turns out to be difficult. This is because 
they show a very similar wood anatomy, with diffuse-porous 
wood, vessels in a dendritic and diagonal pattern and het-
erogeneous, bi- or tri-seriate rays and spiral thickenings 
(Schweingruber 1990). For this reason, fragments with the 
above described characteristics have been named as Rham-
nus/Phillyrea. In more detail, Phillyrea latifolia L. occurs 
rather frequently in the remnant nuclei of sclerophyllous 
maquis in the coastal areas of western Sicily. As for Rham-
nus, R. alaternus L. currently occurs in the Stagnone area 
at Isola Lunga (Di Martino and Perrone 1970), whilst R. 
lycioides L. ssp. oleoides (L.) Jahand. & Maire frequently 
grows together with Chamaerops humilis L. and Quercus 
coccifera L. in the low-growing sclerophyllous scrub of 
southwestern Sicily (Brullo et al. 2008).

Other abundant taxa are represented by Erica arborea 
type (5.5%), E. multiflora type (5%), E. arborea/multiflora 
(5%), Pistacia terebinthus (4%) and Fabaceae Faboideae 
(4%). Almost all Fabaceae present a strong structural var-
iability, making identification difficult. Faboideae are a 
subfamily of Fabaceae including shrubby brooms, whose 
wood is generally semi-ring porous, characterized in the 
transversal section by vessels arranged in an oblique to 
dendritic pattern with paratracheal parenchyma (Bouchaud 
et al. 2017). Longitudinally it presents spiral thickenings, 
homogenous to heterogeneous rays, of variable width 
(Schweingruber 1990). These features were observed in 
the studied fragments, which could potentially correspond 
to Cytisus infestus C. Presl, a thorny summer-deciduous 
shrub very common in the degraded oakwoods and gar-
rigues of the thermomediterranean Sicilian belt, or to 

Spartium junceum L., more common on the hills of inner 
Sicily, especially in human-disturbed areas.

Other identified taxa include Pinus sylvestris-montana 
group (0.8%; Greguss 1955), Capparis spinosa L. (0.6%), 
Cupressus sempervirens L. (0.2%), Juniperus sp. (0.2%), 
Rosaceae Maloideae (0.2%) and Rosaceae Rosoideae 
(0.2%).

Microremains: Pollen and NPPs

The total terrestrial pollen count in the studied samples 
ranges between 107 and 522 grains. Pollen preservation is 
variable, and concentration is in a range of 49–1,790 pollen 
grains/g. A total of 46 taxa have been identified (Fig. 4). 
Pollen from trees and shrubs is scarce, belonging to the 
Mediterranean forest with both evergreen (Quercus ilex type, 
including all evergreen Mediterranean oak species except 
Q. suber, and Pinus), and deciduous elements (deciduous 
and semi-deciduous oaks and the riparian Alnus) and maquis 
(Ericaceae, Juniperus, Pistacia). Pollen identification also 
evidenced locally cultivated tree taxa (Juglans, Vitis).

Most of the identified taxa correspond to herbaceous 
plants. Asteraceae Asteroideae, present in all samples with 
percentages ranging from 25 (FL I–III) to 70 (FL IV), are 
the most abundant pollen type, followed by Poaceae, with 
a maximum of 25% (FL V), and Asteraceae Cichorioideae, 
peaking at 19% (FL VI).

Cultivated and ruderal plants are highly repre-
sented amongst the herbaceous taxa, and include cereals 
(Avena/Triticum and Hordeum group), Plantago lanceolata 
type, Plantago undiff., Urtica, Brassicaceae, Fabaceae and 
Rumex. Pollen identified as Alchemilla, currently absent in 
the Sicilian flora, could correspond to Aphanes, which has 
a very similar morphology.

The non-pollen palynomorphs (NPPs) are Glomus, Pseu-
doschizaea, Tecaphora, Turbellaria and Rotifera eggs. The 
first and the second are considered indicators of erosion in 
lacustrine records (Sadori 2018).

Discussion

The pit F.1112 was identified as a context with high poten-
tial for archaeobotanical analysis due to the signs of direct 
burning. The plant remains represent primary refuse, being 
accumulated and occasionally burned in order to reduce their 
volume (Fuller et al. 2014). The archaeological interpreta-
tion of such disposal contexts is quite complex, although 
extensive information regarding diet, agricultural practices, 
use and selection of plants, and the surrounding environ-
ment may be obtained from the analysis of archaeobotanical 
remains. The concentration of carpological remains in the 
studied sediment is quite low for this type of context (ca. 
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6 remains/l), but the scarcity may have been influenced by 
repeated fires, possibly causing the complete combustion of 
numerous remains. Such burnings are also responsible for 
very low pollen concentrations.

Although most plant remains were preserved by charring, 
the most common preservation method for materials in the 
Mediterranean (Peña-Chocarro and Pérez-Jordà 2019), some 
mineralized specimens were also present. This is partly due 
to some taxa (e.g. Echium plantagineum L., Heliotropium 
europaeum L.) undergoing a process called biomineraliza-
tion, due to their intrinsic properties (van Zeist and Bakker-
Heeres 1982). Another source of mineralization in this con-
text may be organic material (human faeces, bones or other 

organic remains), rich in calcium phosphate (Peña-Chocarro 
and Pérez-Jordà 2019), which may have affected F. carica 
achenes and two V. vinifera seeds.

Implications for Phoenician diet and land use

A relevant portion of the assemblage is constituted of a 
wide variety of cereals and pulses, which provide informa-
tion about the diet of local settlers. Cereals are represented, 
in order of abundance, by Hordeum vulgare, Triticum aes-
tivum/durum, T. turgidum ssp. dicoccon and T. monococ-
cum. The concentration of the latter is quite low, suggest-
ing that it was not cultivated intentionally, but was a legacy 

Fig. 3  Selected carpological 
remains from pit F.1112. a Triti-
cum turgidum ssp. dicoccon, 
b Triticum aestivum/durum, c 
Hordeum vulgare (hulled); d H. 
vulgare (hulled and sprouted); 
e H. vulgare (rachis node); f 
Pisum sativum; g Lens culi-
naris; h Vicia/Lathyrus; i Vicia 
ervilia; j Vitis vinifera (seed); k 
Vitis vinifera (pedicel); l Ficus 
carica;  m Punica granatum; n 
Lolium temulentum; o Phalaris 
cf. minor; p Briza maxima; q 
Sherardia arvensis; r Silene vul-
garis. Scale bars = 1 mm
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of previous cultivations and eventually behaved as a weed. 
Unfortunately, due to fragmentation and taphonomic factors, 
it was not possible to identify all grains at a species level, 
with some being identified as Triticum sp. or, more broadly, 
as cereals. The prevalence of barley and naked wheat in the 
cereal assemblage can also be seen in the Early Iron Age 
site of Monte Polizzo and the Archaic-Corinthian site of 
Selinunte, both in western Sicily (Stika et al. 2008).

The finding of naked barley in the assemblage represents 
an aspect worth focusing on. Despite naked and hulled bar-
ley requiring similar conditions for growth, with the former 
being more palatable and needing less processing before 
human consumption, the naked variety decreases notice-
ably in European archaeobotanical assemblages from the 
Neolithic to the Iron Age/Roman period, being found only 
in association with hulled barley in Italy (Lister and Jones 
2013). This is probably due to its higher susceptibility to 
insect attack and parasitic diseases, as well as the rise of 
naked wheat, which has a higher yield and is more suitable 
for making bread-like products, with barley being used only 
as animal fodder (Lister and Jones 2013).

Several germinated caryopses of H. vulgare, T. turgidum 
ssp. dicoccon and T. aestivum/durum were also retrieved 
from pit F.1112. This germination can result from pro-
cesses such as damp storage or wetting while still in the 
field (Bouby et al. 2011).

Pulses are less numerous than cereals, but just as varied. 
The most abundant is Pisum sativum, followed by Vicia/
Lathyrus, Vicia faba, Lens culinaris and Vicia ervilia. While 
bitter vetch and, above all, grass pea (Lathyrus sativus) are 

currently only grown as fodder due to the presence of neuro-
toxins, it is possible that these were removed by soaking the 
seeds in water before cooking, as hypothesized for Byzantine 
Carthage (van Zeist et al. 2001). It is, however, more prob-
able that, while naked barley, and naked and hulled wheat 
were used for human consumption, hulled barley was a 
potential source of fodder, along with oat (Avena cf. sativa), 
bitter vetch, other vetches and the waste deriving from the 
early processing stages of all the above-mentioned cereals 
(Jones 1998).

Our data provide information about Phoenician agricul-
tural practice and crop storage. The presence of numerous 
weed seeds in all depositional layers of F.1112, in addition 
to cereal grains and chaff, points towards the assemblage 
representing waste products, greatly correlated to different 
stages of crop processing, such as winnowing. Although past 
studies have tried to analyse similar groups of plant remains 
in order to distinguish settlements of primary arable pro-
ducers from those receiving the harvest, these studies have 
been criticized by Stevens (2003). He rather suggested an 
identification of the routine processing stages, whose waste 
is more likely to become charred, and depend mostly on 
the state in which the crops are stored. This is also because 
bulk processing usually takes place in a short period of 
time following the harvest and may be carried out in the 
field, away from any fire, resulting in a loss of the waste 
that would distinguish producers from consumers. In con-
trast, crop processing of stored crops before consumption 
occurred more frequently, and its waste was more likely to 
become charred. The Motya deposit indicates processing of 
stored crops before consumption. This is confirmed by the 
application of the ratio of small to large weed seeds, and the 
proportion of weed seeds to crop seeds proposed by Stevens 
(2003). The assemblage of F.1112 appears to fall in the area 
defined as “household” processed, with a weed seed to grain 
percentage of 54% and large weed seeds representing only 
34% of the weed assemblage, suggesting that most of the 
processing stages were carried out on a daily basis after stor-
age. What does not correspond to Stevens’ description is the 
extremely low percentage of chaff. This difference is partly 
due to both free-threshing cereals and glume wheats being 
present amongst the retrieved remains, with barley (hulled 
and naked) and naked wheats constituting between 65% and 
75% of the cereal assemblage per each stratigraphic unit. 
This results in most of the rachises being removed during 
threshing, in contrast with hulled wheats, where the rachis 
often remains attached to the spikelet (Stevens 2003). Jones 
(1990) argues that the only way to analyse mixed assem-
blages is a multivariate approach, calculating the grain/chaff 
ratio separately for each species. Applying this to the F.1112 
assemblage shows in fact a great difference, with no T. aes-
tivum/durum chaff, a chaff/grain ratio of 1:62 for H. vulgare 
(mostly hulled) and of 1:6 for T. turgidum ssp. dicoccon, 

Fig. 4  Pollen percentage diagram. Total pollen concentration from 
the studied filling layers (FL: filling layer) are indicated in the first 
column
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supporting the evidence of the low chaff concentration being 
due to the abundance of free-threshing cereals.

Taphonomic processes are another potential factor 
responsible for the extremely low percentage of chaff, as 
chaff is more easily damaged by fire than grain, especially 
in oxidizing conditions (Bates et al. 2017). Archaeological 
evidence suggests numerous burning events in the pit F.1112 
in order to reduce the volume of waste, to gain space for new 
material and reduce bad smells, making it less likely for 
fragile plant parts to be found in the archaeobotanical assem-
blage. Additional data regarding local agricultural practices 
are provided by the presence of low growing species, like 
Sherardia arvensis, which suggests harvesting low down 
the culm (Reed 2016). Palynological evidence supports 
our interpretation that at least threshing (if not also cultiva-
tion) was carried on-site. Although in low concentrations, 
Hordeum group pollen was found in three out of the four 
investigated filling layers of pit F.1112. In addition to this, 
Avena/Triticum group pollen was identified in filling layer 
IV. The only filling layer in which cereal pollen was absent is 
filling layer VI, the oldest one. Cereals produce large pollen 
grains traveling over very short distances and are generally 
underrepresented in pollen records (Mercuri et al. 2013). 
These grains are brought into settlements along with crops 
and are released mostly during threshing and winnowing 
(Montecchi and Mercuri 2018). For this reason, cereal pol-
len is expected to be found in this kind of context. It is more 
likely that the whole crop processing procedure was carried 
out in situ, while the remains of the first stages of processing 
were given to animals as fodder (Fuller et al. 2014). Accord-
ing to the demographic model created by Nigro (2017) by 
matching all available archaeological data with ethnographic 
resources, the estimated population of Motya between the 
8th and 7th century bc  was ca. 1,400 people. Despite the 
small size of the island, Nigro (2017) hypothesized that at 
least 30 ha were kept free for agriculture, animal breeding 
and other productive activities. Of these, 14.1 ha are thought 
to have been dedicated to cereal cultivation, which could 
explain the finding of cereal pollen in the sediment from 
pit F.1112.

The cereal-sized Lolium temulentum (darnel) constituting 
most of the big weeds in the carpological assemblage sug-
gests particular care in removing it from the processed crop 
by hand-picking. Although darnel is not poisonous itself, 
it is very easily attacked by the endophytic fungus Endo-
conidium temulentum, which is thought to be the source of 
the pyrrolizidine alkaloids (Eliáš et al. 2010). The toxicity 
manifests in the form of hallucinations and severe damage to 
the nervous system (if ingested in larger quantities) and has 
been known to man for millennia, being documented also in 
the Bible (Eliáš et al. 2010).

The second most common weed in the assemblage 
is Phalaris sp., small-sized and separated from the crop 

through fine sieving. According to Riehl (2010), it may rep-
resent a weed of free-threshing wheat. Although the differ-
ent species are said not to be differentiated based on their 
caryopses (Baldini 1993), two different morphologies were 
identified in the assemblage: one more elongated than the 
other. After the comparison with pictures of modern samples 
present on the CISEH (2001–2018) online database of the 
University of Georgia and modern samples from the Her-
barium of the Sapienza University of Rome (RO), the less 
elongated morphology has been identified as that of Phalaris 
cf. minor, which grows in wastelands, fallows, edges and 
cultivated fields (Baldini 1993). The portrayed specimen of 
Phalaris minor (Walters and Southwick [date unknown]) 
appeared to be noticeably less elongated than the specimens 
of other Phalaris spp.

Human impact on the environment

The overall weed assemblage shows similarities with the 
ones from the Iron Age sites of Monte Polizzo and Selinunte 
in Western Sicily (Stika et al. 2008). L. temulentum/remotum 
and Phalaris sp. predominate there as well, accompanied by 
other common weeds of crop fields such as Avena sp. and 
Bromus sp., which also grow in dry disturbed places.

Arable weeds in the F.1112 assemblage also include 
Ammi majus L., Ranunculus sp. and Raphanus raphanistrum 
L. (Schepers 2014). Other wild plants that are very common 
in sites prone to anthropogenic disturbance are Calendula cf. 
arvensis, Chenopodium album L., Chenopodiastrum murale, 
Echium plantagineum, Heliotropium europaeum, Malva 
nicaeensis All., Malva sp., Medicago sp., Silene cf. vulgaris, 
Sherardia arvensis, Veronica sp. and Portulaca oleracea L., 
the latter possibly cultivated also as a vegetable (Bosi et al. 
2009; Pasta et al. 2020). Urtica membranacea and U. urens 
are also present, being typically found on nutrient-rich and 
disturbed ground, but occurring also as weeds of woody 
crops (van Zeist et al. 2001).

The identification of the Calendula cf. arvensis (field 
marigold) achene was complex, as each capitulum of 
this genus “can produce 2 to 6 different morphologies of 
achenes, and in some species, specimens presenting different 
combinations of achene morphs can co-exist” (Gonçalves 
et al. 2018). This means that different species can present 
achenes with the same morphology, while different mor-
phologies may occur in the same species and on one single 
plant. Concerning the morphology of Calendula achenes, 
Pignatti et al. (2017–2019) state that those of C. arvensis 
are bent, sometimes locked up in a ring, with dorsal spines, 
which are generally absent in C. maritima Guss., a perennial 
marigold endemic to the coastal habitats of western Sicily 
(Pasta et al. 2017).

More surprising, although in low concentrations, was 
the retrieval of a variety of Cyperaceae and Polygonaceae, 
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including Eleocharis palustris (L.) Roem. & Schult. and 
Persicaria cf. amphibia (L.) Delarbre. Their find seems to 
confirm the presence of humid environments with permanent 
freshwater or subject to extremely short periods of drying 
up, perhaps corresponding to the fresh-water springs found 
on the island (Di Mauro et al. 2011).

More data about the surrounding environment can be 
inferred from palynology. The dominance of non-arboreal 
taxa indicates an open environment, with little to no forest 
cover (Montecchi and Mercuri 2018). Complex anthropo-
genic activities are testified, among others, by Asteroideae, 
Cerealia, Poaceae, Ranunculaceae and Rumex (Mercuri et al. 
2013). Other indicators of human activity are Cichorioideae, 
indicator of mesic meadows and pastures, Urtica, a nitro-
philous plant, and Plantago, which indicates trampled areas 
(Florenzano et al. 2015; Mercuri et al. 2013). Nonetheless, 
Plantago could refer to P. macrorhiza Poir., a plantain that 
grows on coastal salty meadows and is not linked to the pres-
ence of grazing or trampling.

NPPs also contribute to building an image of the past 
environment. Glomus is a mycorrhizal fungus that forms 
symbiotic relationships with plant roots and is present in 
all samples, with concentrations as high as 76.5% (FL 
I-III). Pseudoschizaea, presumably the schizocarp of a 
green alga living in the soil, also occurs in all samples. 
They are both considered as indicators of erosion in lacus-
trine records (Sadori 2018). Here they can be interpreted 
as evidence of soil micro-organisms. In particular, Pseu-
doschizaea is related to depositional conditions that occur 
in correspondence to seasonal desiccation, indicating a 
direct link between its presence and erosion processes 
(Sadori 2018). The third most abundant NPPs are Teca-
phora basidiospores that occur on higher plants (Fabaceae 
and Convolvulaceae; van Geel et al. 1980). Finally, Tur-
bellaria are cocoons of whirl-worms indicating a high 
concentration of nutrients (van Geel et al. 1983), while 
Rotifera (found only in SU 1112) are near-microscopic 
animals, whose eggs are usually found in moist environ-
ments (van Geel 2001).

Another category widely represented in the carpological 
assemblage is that of fruits, which was probably not related 
to crop processing and/or storage, but perhaps to winemak-
ing. The most abundant is V. vinifera (grapevine), which 
was also retrieved during the preliminary survey in 2017. 
Grapevine holds a specific importance in the Phoenician 
world, as it is believed that Phoenicians, along with Greeks, 
were responsible for the spread of various grapevine culti-
vars across the Mediterranean (Ucchesu et al. 2015). It is 
interesting to notice the presence of Vitis pollen in the two 
bottom filling layers of F.1112, reaching a concentration of 
8.3% in filling layer VI. As is seen for cereals, Vitis pollen 
grains travel over short distances (Sabato et al. 2015), sug-
gesting local cultivation of grapevine.

Punica granatum (pomegranate), retrieved in pit F.1112 
in the form of six exocarp fragments, is also believed to 
have been brought to the Mediterranean basin by Phoeni-
cians (Nigro and Spagnoli 2018). Pomegranate is not very 
common in archaeobotanical assemblages due to seeds being 
eaten and the endocarp being more exposed to deteriora-
tion. From a chronological point of view, the retrieval of 
pomegranate at Motya represents the oldest such find in 
Sicily. Although in small concentrations, P. granatum was 
also found in, among other places, the Iron Age sites of Con-
cepción and Núñez Méndez in the area of Huelva (9th–8th 
centuries bc; Pérez-Jordà et al. 2017), Phoenician Tell el-
Burak in Lebanon (8th–4th centuries bc; Orendi and Deckers 
2018), Iron Age Ashkelon on Israel’s southern shoreline (7th 
century bc; Weiss and Kislev 2004) and nuraghe S’Urachi 
in Sardinia (7th–6th centuries bc; Pérez-Jordà et al. 2020).

Another fruit found in pit F.1112 is Ficus carica (fig), 
known to be part of the standard Mediterranean assemblage 
(Alonso Martinez 2005). It is amongst the oldest fruit trees 
cultivated in the Mediterranean, where it can also grow 
spontaneously (Pignatti et al. 2017–2019). Due to each 
“fruit” containing hundreds of achenes, as well as them 
being ingested and preserved in faeces through minerali-
zation, figs are often overrepresented in archaeobotanical 
assemblages (Alonso Martinez 2005). Taking into consid-
eration that most of the achenes retrieved were preserved by 
charring, overrepresentation of fig does not take place in the 
F.1112 assemblage at Motya.

A Pinus pinea (Mediterranean stone pine) nutshell frag-
ment and a bract were also found in filling layer VI. Fur-
thermore, the Pinus pollen identified in the studied sediment 
presents the morphology of P. pinea/pinaster. The percent-
age (ca. 10% in FL I-III) achieved by this Mediterranean 
pine suggests a local presence. The origin and spread of 
the Mediterranean stone pine (P. pinea) are the subject of 
unresolved debates. These difficulties in assessing the origin 
of this plant are mostly due to its extremely low genetic vari-
ability (Pinzauti et al. 2012). P. pinea is considered native to 
the entire Mediterranean basin, with studies showing that it 
was present in the Iberian Peninsula for several tens of thou-
sands of years (Martínez and Montero 2004), being found 
in caves inhabited by Neanderthals (Mutke et al. 2019). It 
survived in Spain the LGM (last glacial maximum), being 
found in the Nerja Cave near Malaga during the Upper Pal-
aeolithic dating back between ca. 22000 and 15500 years bc  
(Carrión et al. 2008). It is nonetheless probable that Phoe-
nicians played a key role in its spread (Mutke et al. 2019). 
Pinus pinea/pinaster wood was found in a Bronze Age con-
text in Sardinia (Sabato et al. 2015), a region where native 
populations of Pinus pinaster still occur (Caudullo et al. 
2017). Archaeobotanical remains of the Mediterranean stone 
pine have in fact been found in numerous Phoenician-Punic 
sites, such as Santa Giusta in Sardinia (Sabato et al. 2019), 
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where it was believed to be added for meat preservation and 
spicing (Ucchesu et al. 2017), 6th–5th century bc  layers on 
the Balearic Islands (Pérez-Jordà et al. 2018) and in Punic 
Carthage (van Zeist et al. 2001), where the find is considered 
as testifying to the contacts with the western Mediterranean. 
As far as we know, the finding of Motya is the oldest Italian 
site, corroborating the hypothesis that Phoenicians played a 
major role in the spread of Pinus pinea. The presence of P. 
pinea/pinaster pollen also suggests local growing of Medi-
terranean coastal pines. The two Mediterranean coastal pines 
cannot be distinguished on the basis of pollen morphology 
and none currently grow wild in Western Sicily (Caudullo 
et al. 2017).

Anthracological remains make up a big part of the 
archaeobotanical assemblage of pit F.1112. This is to be 
expected in such a context, as wood was burned as fuel, pro-
ducing charcoal (Fuller et al. 2014). Most of the wood taxa 
retrieved are typical of the Mediterranean maquis and show 
a correspondence with the present-day flora of the Sicilian 
coastline, between the infra- and the thermo-Mediterranean, 
referred to the Quercetea ilicis class and the Pistacio-Rham-
netalia alaterni order, with a prevalence of Pistacia lentiscus 
and Olea europaea (Gianguzzi et al. 2016). Despite the pol-
len spectra being characterized by a prevalence of non-arbo-
real pollen, Pistacia and Quercus ilex type are both present. 
What appears to be surprising is the lack of Olea in the 
palynological evidence, while it is common among anthra-
cological remains. This is surprising as demographic studies 
carried out by Nigro (2017) suggested that a relevant portion 
of the islet was used for olive tree cultivation. Nonetheless, 
a study carried out by Florenzano et al. (2017) on modern 
pollen from olive groves in Tuscany and Basilicata shows 
that, while Olea pollen percentages from samples collected 
inside the groves were as high as 58%, the ones collected at 
a distance of 500 m or more from the grove were not higher 
than 1.6%. Furthermore, even some of the samples collected 
from inside the groves showed rather low Olea pollen con-
centrations of ca. 10%. Therefore, the lack of olive pollen 
does not necessarily indicate the absence of olive trees on 
the islet. There could have been an olive grove in Motya, 
possibly on the other side of the island. This is supported by 
the evidence from the submerged causeway (Terranova et al. 
2009). Finally, overrepresentations of local plants in pollen 
assemblages coming from human settlements are common, 
possibly causing the Olea pollen concentration in the sedi-
ment from Motya to be even lower.

Nonetheless, O. europaea represents a relevant part of 
the anthracological assemblage. While in the votive pit at 
Motya (Moricca et al. 2020b) it represented almost 80% of 
the assemblage, in pit F.1112 it does not prevail over other 
taxa. Considering the slow growth rate of such trees (Valam-
oti et al. 2018), it is rational to believe that olive timber was 
used scrupulously, preferring taxa with a faster growth rate. 

O. europaea is much more likely to have been cultivated for 
its fruits (Valamoti et al. 2018). It is interesting to notice that 
only two olive endocarps were retrieved from the analysed 
sediment. One of the reasons may be the use of olives for oil 
production. Oil is present both in the soft outer part (meso-
carp) and in the stone, and is obtained through pressing, 
requiring the application of a stronger force to extract it from 
the latter (Cappers et al. 2013). Olive pressing at Motya is 
thought to have been performed in tanks and low basins con-
nected to food preparation (Nigro 2007). It is possible that 
the remains of olive pressing (pomace) were discarded near 
the basins, or perhaps pomace was used as a source of fuel in 
other areas of the site, as reported for various Mediterranean 
sites between 3100 bc  and the 6th century ad (Rowan 2015).

Although scarce, Chamaerops humilis (Mediterranean 
dwarf palm) was also found. Its wood was identified using 
the key provided by Thomas (2013). Motya falls within the 
present-day natural distribution range of C. humilis, which 
covers the central and western Mediterranean (Moricca et al. 
2020a). Archaeobotanical evidence of C. humilis is uncom-
mon, nonetheless its macro- and micro-remains are present 
in records from Italy and Spain (Moricca et al. 2020a).

Overall, no significant changes were observed in the 
bulk of the carpological and anthracological assemblages 
of the different depositional layers. This may be due to 
the disposal pit F.1112 being used for a limited amount 
of time, as common for this type of archaeological fea-
ture. Nonetheless, some less abundant wood taxa, such 
as Cupressus sempervirens (cypress), Fraxinus sp., Juni-
perus sp., Rosaceae Maloideae and Rosoideae were pre-
sent only in one or two of them. These data should not 
be disregarded as, for example, C. sempervirens (cypress) 
is believed to be native to the Middle East and to have 
arrived in the Western Mediterranean thanks to Phoeni-
cians and Etruscans (Pignatti et al. 2017–2019), despite 
some evidence showing that it may be actually native 
to Italy (Bagnoli et al. 2009). A mineralized remain of 
cypress was in fact also found in pit F.7057 in the area 
of the Temple of Cappiddazzu at Motya (Moricca et al. 
2020b). Rosaceae Maloideae probably belong to Pyrus sp. 
or Sorbus sp., as Malus sp. prefers cooler climates and it 
is intolerant of drought.

Another unusual finding is represented by Juglans (wal-
nut) pollen in SU 1112. Its current distribution is the result 
of human action that favoured its spread from east to west 
along the Mediterranean (Pérez-Obiol and Sadori 2007). It 
appears in Sardinian pollen spectra from at least 5,300 bp 
(Di Rita and Melis 2013) and its endocarps are present in the 
Phoenician-Punic site of Santa Giusta (Sabato et al. 2019). 
In Sicily, Juglans pollen appears in the 8th–7th century bc 
(Sadori 2013). Furthermore, walnut charcoal is also present 
in the votive pit in the temple of Cappiddazzu at Motya 
(Moricca et al. 2020b).
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The finding of juniper in Phoenician Motya is interesting. 
Despite the data deriving from a single context, juniper is 
found both in the pollen and in the anthracological evidence. 
In order to assess its frequency, it would be necessary to take 
into consideration other contexts, gathering data from struc-
tural charcoals. Nowadays, the closest populations of Junipe-
rus growing in Sicily, referred to Juniperus turbinata Guss., 
are located near Alcamo or near Siculiana, both located ca. 
100 km from Motya (Gianguzzi et al. 2012). Charcoals of 
Juniperus sp. have also been found in a prehistoric cave in 
Favignana dating ~ 14.2 ka cal bp (Poggiali et al. 2012). The 
presence of juniper in western Sicily is also confirmed by 
the Gorgo Basso pollen spectra, where it appears with low 
values and discontinuously throughout last 10,000 years (Tin-
ner et al. 2009). Currently, we can advance two hypotheses: 
juniper was either present in small quantities along the coasts 
of the Stagnone, or it grew on the islet itself. Its complete 
disappearance in present-day western Sicily could be due 
to burning. Juniper, in fact, recovers less easily than other 
plants of the maquis, like heaths and lentisks, which easily 
re-sprout after fire. Similar considerations can explain the pre-
sent lack of Erica arborea, common in the Motya assemblage, 
whose nearest populations are nowadays located at Scorace, 
Angimbé and Zingaro nature reserve (i.e. at least 40 km far 
from Motya; Gianguzzi et al. 2012). As E. arborea requires 
a deeper, more acid and more developed soil than E. multi-
flora, its disappearance is likely ascribable to either land over-
exploitation, aridification or a combination of both.

Finally, charcoal fragments belonging to the Pinus sylves-
tris-montana group (as reported by Greguss 1955), which 
includes montane species of pine, were found. In fact, the 
only Sicilian pine sharing the same anatomical character-
istics of these remains, i.e. Pinus nigra Arnold ssp. laricio 
Palib. ex Maire, only grows on Mount Etna, located nearly 
250 km from Motya. Pine timber is known to have been used 
for ship-building (Giachi et al. 2003); therefore it is possible 
that the retrieved piece of charcoal derived from a ship that 
had been built elsewhere.

Conclusions

The present multidisciplinary study provides precious infor-
mation regarding the Phoenicians’ daily life at Motya – their 
earliest colony in Sicily (Thucydides 1881) – and their plant 
use, highlighting the importance of combining the study of 
macro- and micro-remains.

First, the presence of cereals, numerous weeds of differ-
ent sizes and chaff made it possible to hypothesize that most 
of crop processing was carried out on site, after storage. The 
presence of cereal pollen in the studied samples supports 
the hypothesis that threshing was carried out next to the 

analysed deposit, as well as the archaeological hypothesis 
that cultivation occurred on site.

Secondly, the study provides evidence for local human 
diet. Although hulled and naked wheat and barley were 
found, a clear preference for naked wheat and hulled barley 
was recorded. This is in accordance with data from other 
Iron Age sites in western Sicily, namely Monte Polizzo and 
Selinunte (Stika 2004; Stika et al. 2008; Stika and Heiss 
2013). It is probable that naked wheat was used for human 
consumption, while hulled barley was used as fodder. The 
finding of naked barley is surprising, as it underwent a 
rapid decline in all Europe during the Iron Age. Other than 
cereals, the diet was comprised of a wide variety of pulses 
(including lentils, peas and faba beans) and fruits, among 
which grapevine prevailed.

Pollen data indicate a strongly disturbed Mediterranean 
landscape with little to no forest cover. Complex anthropo-
genic activities are testified by the presence of cultivated 
trees and cereals among others, with Asteroideae, Cichori-
oideae and Urtica as the main synanthropic taxa.

Anthracological data help to complete the local envi-
ronmental picture, with findings of Pistacia lentiscus, Olea 
europaea, Erica multiflora, E. arborea, Juniperus sp. and 
evergreen oaks. Only the first three currently grow on the 
islet, while E. arborea and Juniperus species grow no closer 
than 40 km and 100 km from Motya, respectively. Olea, 
with abundant charcoals, and still cultivated on present day 
Motya, is surprisingly lacking in the pollen diagram. The 
high charcoal percentage of evergreen oaks, plants today 
absent on Motya and currently showing a scattered occur-
rence along the coast facing the Marsala Lagoon, indicates 
that it was a wood-type of preference. Finally, the retrieved 
fragments of the “montane type” of pine probably issue from 
imported material. Remarkably, the finding of Pinus pinea 
represents the oldest for this species in the Holocene in the 
central Mediterranean.

Based on the evidence reported in the present paper, it is 
possible to compare Motya’s past environment with the pre-
sent one. The present-day lack of Juniper sp. could be due 
to burning, as this plant is a less efficient re-sprouter after 
fire than other woody species of the maquis, like heaths and 
lentisk. Similar considerations could explain the present lack 
of E. arborea, whose disappearance is likely ascribable to 
either land over-exploitation, aridification or a combination 
of both processes.
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