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Thurmond 2017) and historical references (for example, 
Pliny the Elder, Natural History; Columella, De Re Rus-
tica). Wine consumption was part of everyday life for 
people throughout the Roman empire and held a special 
place in various rituals and ceremonies (Thurmond 2017, p 
218). It was also an essential part of legionaries’ lives, and 
they took this habit with them to various Roman colonies, 
thereby boosting both the wine trade and local production 
(Thurmond 2017, p 218). As early as the second century and 
particularly during the 1st c. bce, the large-scale production 
of amphorae for exporting wine from Italy to other parts of 
the Roman Empire demonstrates the extent of the wine trade 
(Laubenheimer 2013, p 99). Amphorae found in various 
shipwrecks testify to the amount of wine transported during 
the Roman period. Taking the shipwrecks found near Italy 
as an example, some appear to have carried a small num-
ber of amphorae containing wine (for example Cavalière, 
Var), while others appear to have carried up to 10,000 (for 
example Albenga; Laubenheimer 2013, p 103).

In the Iberian Peninsula, there are finds of Vitis sp. from 
prehistoric times (for example, Buxó 1997; Ramil Rego 
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Abstract
The cultivation and uses of Vitis vinifera L. (grapevine) during the Roman period are known from both ancient sources 
and archaeobotany, in which various methods have been used to distinguish between wild and domesticated subspecies. 
The present analysis uses Geometric Modern Morphometrics (GMM), taking as a case study the Roman town of Iesso 
(modern Guissona, Catalonia, Spain) to shed new light to these issues. Five wells dated from the first century bce to the 
fifth century ce with waterlogged material were excavated in Guissona, from which a large number of grape pips have 
been recovered and studied to identify whether the grapes were wild or domesticated, as well as which of the distinct 
groups of domesticated varieties. The results of this study indicated a significant number of wild type grapes, which are 
explained by the climatic conditions at this time, which may have prompted the inhabitants of the area to grow grapevines 
with genotypes closely related to the hardier wild subspecies, together with the market demand of the period and local 
taste preferences. Finally, among the domesticated grapes identified from Guissona, varieties suitable for wine making 
appear to be predominant, with the Balkan variety group being the most common.
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and Aira Rodríguez 1993; Burjachs 2012) and vine char-
coal and grape remains have been found at various prehis-
toric sites across the peninsula, suggesting that grapes were 
indigenous, collected for consumption, but not in a system-
atic way (Buxó 2008; Alonso et al. 2016). Systematic con-
sumption of grapes and wine production seem to have only 
developed from the Iron Age onwards, particularly follow-
ing the arrival of the Phoenicians in the 1st millennium bce 
who also brought along new techniques for wine making 
as well as for the growing of a great variety of fruits and 
nuts (Pérez-Jordà 2000; Peña Cervantes 2010, p 153; Pérez-
Jordá et al. 2021). The establishment and then expansion of 
viticulture spread unevenly from south to north (Alonso and 
Pérez Jordà 2019, p 52). In our study area in the northeast 
of the Iberian Peninsula, remains of Vitis sp. appear from 
as early as the 7th–6th c. bce in most areas (for example 
between 675 and 625 bce in Sant Martí d’Empúries; Buxó 
1999), except in Vallès and the Llobregat river valley, where 
evidence dates to the 5th c. bce (Pérez-Jordà et al. 2021, pp 
13, 15).

Later, in the Roman period, further regional differences 
in grape distribution have been revealed by archaeobotani-
cal studies, with more evidence of Vitis sp. in the north and 
dominance of Olea europaea L. (olive) in the south of Ibe-
ria (Peña-Chocarro et al. 2019). In the northeast, the sec-
ond most common category of plant remains identified 
after cereals is fruit, with grapes being the most ubiquitous 
(Peña-Chocarro et al. 2019, Figs. 2 and 4).

Wine production and export thrived during the Roman 
period, and in particular during the late Republic (146–31 
bce) wine exports from the Italian Peninsula grew signifi-
cantly, which coincided with a change there from small 
farms to commercial villas with presses (Van Limbergen 
2020). However, by the reign of Augustus (27 bce–14 ce), 
the wine trade from there declined (Panella 2010). In the 
1st c. ce, parts of the Iberian Peninsula, especially the prov-
inces of Baetica and Tarraconensis, became specialised in 
producing wine (Étienne and Mayet 2000, p 11), together 
with other products like olive oil and fish-based garum for 
export (Pavón Torrejón 2019; Keay 1987, 383). Iberian 
wine exports to other parts of the Roman Empire peaked 
between the 1st c. bce and 2nd c. ce (Carreras Monfort in 
press). Trade data for the Iberian Peninsula between the 
second and fourth centuries ce are limited (Pavón Torrejón 
2019). However, by the early 3rd c., imperial intervention in 
trade decreased and internal trade within Iberia appears to 
have grown, with products from various provinces circulat-
ing there (Keay 1988, pp 106–107). It has been suggested 
that the export of wine from the peninsula decreased from 
the 3rd to the 5th c. ce, since the overall production and 
presence of amphorae from that period was limited (Car-
reras Monfort in press), while it is also possible that exports 

could have been made using more perishable containers 
than amphorae, such as wooden and leather containers that 
are not usually found archaeologically. New regional stud-
ies, however, have indicated that this general pattern may, 
in reality, be more variable. For instance, a recent pollen 
study in Lisbon has shown that the amount of Vitis pollen 
increased from the 3rd c. ce onwards, while at the same 
time there was an increase in the production of amphorae 
there for wine export (Currás et al. 2021). Therefore, both 
the scale of wine production and export in Iberia is a com-
plex issue, which seems to follow different patterns in each 
region.

To better understand these processes, there has been a 
proliferation of studies on the grapevine, its domestication 
status and diversification through time and space, with the 
application of a variety of methods to grape pips (breadth-
to-length ratio, Stummer 1911; use of distance measure-
ments in discriminant analysis, Mangafa and Kotsakis 
1996; traditional morphometric features, Ucchesu et al. 
2016; Coradeschi et al. 2023),  including Geometric Mod-
ern Morphometric analysis (GMM) which has achieved the 
most significant results to date (Pagnoux et al. 2015; Bouby 
et al. 2021).

These studies (such as Bonhomme et al. 2021; Ucchesu 
et al. 2024, 2025) have indicated that as late as the Roman 
period, wild varieties of grapes were still being grown, 
sometimes widely. In fact, the process of grape domestica-
tion remains a subject of debate, with the most recent studies 
suggesting that it was slow (for example Bouby et al. 2013; 
Ucchesu et al. 2025). The region where the domestication 
of grape is thought to have begun is in the Middle East and 
the Caucasus at some point between 6000 and 3000 bce 
(Zohary et al. 2012; Bouby et al. 2021). Some of the earliest 
genetic studies have suggested the presence of secondary 
centres of domestication in both Italy (Grassi et al. 2003) 
and the western Mediterranean (Arroyo-Garcia et al. 2006; 
Cunha et al. 2020). However, several recent genetic studies 
suggest that domestication occurred in western Asia (Freitas 
et al. 2021; Magris et al. 2021; Dong et al. 2023) and that 
during the Bronze Age through to the Classical period, the 
grapevine spread to the Mediterranean (McGovern 2003).

Despite the fact that a number of studies have been done 
on the domestication of the grape, there are still many gaps 
in the reconstruction of this process, while in the case of the 
Iberian Peninsula, and especially its northeastern part, this 
is still largely unknown. This paper, therefore, aims to add 
to these studies by investigating the history of grapes in this 
area using as a case study one of the best suited sites for this, 
the Roman town of Iesso, now Guissona, Catalonia, Spain 
(Fig. 1). Excavations in the town have provided particularly 
large quantities of well-preserved grape pips recovered in 
waterlogged conditions, a very rare type of preservation 
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in the Iberian Peninsula. The objectives are to investigate 
the diversity of cultivated grapes in this region during the 
Roman period and early Late Antiquity (ca. 120 bce–550 
ce) through GMM analysis, to provide new insights into the 
growing and consumption of grapes and their by-products, 
and finally to contribute to the ongoing debate on grape 
domestication and cultivation while offering new insights 
into the Roman economy, trade links and the development 
of tastes.

The site

Iesso was founded in 120 bce and occupied until at least 
the 7th c. ce. A particular and rare feature for the Iberian 
Peninsula is the waterlogged conditions that were found in 
parts of the site, which gave excellent preservation of the 
archaeobotanical material. Specifically, the site had five 
wells (Fig. 2), which all preserved waterlogged material and 
were completely excavated. All the sediment was collected 

from the point where waterlogged material appeared at the 
bottom of each well, revealing numerous grape remains 
among other plant remains. These five wells had different 
periods of use and were in different contexts. Wells 1 and 
2 were close to each other and were situated in a public 
space within a residential area (Buxó et al. 2004). Well 3 
was situated within a house (domus) and its construction 
was contemporary with the last renovation phase in the mid 
2nd c. ce, and it then had a second period of use in the 5th 
c. ce, according to the pottery found in the abandonment 
layers inside the well (Guitart Duran 2007). It is likely that 
this secondary use was connected with a nearby wine press 
(Uscatescu 2004). Well 4 was in an area outside the walls, 
close to a structure that was possibly an inn (Romaní et al. 
2022). Finally, Well 5 was within the garden area of the 
public baths (Guitart Duran et al. 2023). Each well has a 
distinct chronology, ranging from the 1st c. bce to the 5th c. 
ce (Table 1; for details about the excavation and the recov-
ery of the archaeobotanical material, see Buxó et al. 2004; 
Baniou et al. 2025). The dominant group of plant remains 
recovered from all the wells was fruit, with Vitis vinifera 
L. (grape), Ficus carica L. (fig) and Sambucus nigra L. 
(elder) being the commonest, with various other cultivated 
and wild plants, such as Prunus avium/cerasus (sweet/sour 
cherry), Prunus persica (L.) Batsch (peach), Juglans regia 
L. (walnut) and various berries together with a few cereals 
and legumes (Baniou et al. 2024a; 2024b, 2025). It should 
be noted that the numbering of the wells is based on the 
order in which they were found and not on the chronological 
order in which they were used or excavated.

Fig. 2  Aerial view of the site 
showing the position of the wells 
and the wine press (photo by Iesso 
team)

 

Fig. 1  The position of Iesso in the iberian peninsula (by Institut Car-
tografic i Geologic de Catalunya ICGC), licensed under CC BY 4.0)
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between the last phase of use of the well and the moment of 
its backfilling.

Image and outline acquisition

Each pip was placed on a blue background and photographed 
in dorsal and lateral views using an Olympus SZ-ET ste-
reomicroscope and an Olympus DP camera, at the Institut 
des Sciences de l’ Évolution de Montpellier (ISEM). The 
magnification was 3× and the resolution 1,224×960 pixels 
for all samples. The images were then converted into black 
silhouettes (masks) on a white background using Adobe 
Photoshop v. 24.7.0.

The morphology of grape pips preserved in waterlogged 
conditions may be altered, particularly in the pointed end 
of the pip (beak hereafter) (Bouby et al. 2023). All images, 
therefore, were checked manually to identify specimens 
with features that could alter the outline analysis. In some 
of the specimens the beak had become markedly conical, 
giving the pip a triangular outline. All such damaged seeds 
were excluded from the analysis (Fig. 3). Of the total pips 
photographed (n = 1,527), 89.1% were well preserved and 
were included in the analysis.

Materials and methods

Samples and sample preparation

The samples of grape pips came from all five wells in the 
Roman town of Iesso (Table 1). To ensure statistical reli-
ability of the data, as many grape pips as possible per layer 
were randomly selected, with an initial maximum of 200 
pips per layer. Where fewer pips were available, all of them 
were used (Table 1). In order to ensure a random selection 
of samples, the following procedure was followed: all avail-
able pips from Wells 1, 2 and 3 were used. The pips from 
Wells 4 and 5 had been stored after the sorting and identifi-
cation process in various bottles filled with water, depending 
on the well and layer. An equal number of pips were taken 
from each bottle randomly, regardless of their shape. The 
only selection criteria were that they were well preserved 
and undamaged when checked under the microscope.

All the grape pips were kept in water. However, in the 
case of the pips from layer 5 of Well 1, the water had evapo-
rated during the long-term storage, and this resulted in the 
drying out of these samples. After photographing the pips, 
their shape and length were checked and corrected. The 
morphometric analysis showed no specific alteration of 
the pips from Layer 5 compared to those from Layer 4 of 
Well 1 or the other pips that had been kept wet, so it was 
decided to include these dried out samples in the final analy-
sis. Only well-preserved whole specimens without breaks 
or cracks were selected for analysis. The samples from Well 
3 used in this study are dated to the second phase of the 
use of the well. All samples are dated from when the wells 
were filled, except for well 2, where the samples are dated 

Table 1  The contexts and the origins of the samples; the wells are in chronological order
Well Spatial position Year of 

excav.
Chronology of well 
(construction- abandonment)

Date of 
layers with 
pips

Initial samples 
per layer

Samples with good 
preservation per 
layer

Total 
nos of 
pips

Type of 
preservation

2 Residential 
area

2000 1st half 1st c. bce-2nd half 1st 
c bce /1st half 1st c ce

Mid 1st c. 
bce

Layer 5: 206 Layer 5: 191 191 Waterlogged

5 In the garden 
area of the 
public baths

2021 End of 1st c. bce/first decades 
1st c. ce-mid 1st c. ce

Mid 1st 
c. ce

Layer 1: 1
Layer 2: 36
Layer 3: 150
Layer 4: 150

Layer 1: 1
Layer 2: 18
Layer 3: 125
Layer 4: 102 

246 Waterlogged

1 Residential 
area

2000 1st c. ce-2nd half 2nd c. ce 2nd half 
2nd c. ce

Layer 4: 153
Layer 5: 94

Layer 4: 141
Layer 5: 79

220 Waterlogged. 
Layer 5: 
dried out dur-
ing storage

4 Outside of the 
walls, in the 
open space of 
an inn

2017 Mid 1st c. ce-end of 2nd c. 
ce/beg. 3rd c. ce

end 2nd c. 
ce/ beg. 
3rd c. ce

Layer 5: 200
Layer 6: 200
Layer 7: 183

Layer 5: 178
Layer 6: 190 
Layer 7: 169

537 Waterlogged

3 Domus (house) 2023 Mid 2nd c. ce-5th c. ce 5th c. ce Layer 4: 50
Layer 5: 78
Layer 6: 92

Layer 4: 40
Layer 5: 61
Layer 6: 66

167 Waterlogged

Fig. 3  Examples of badly preserved pips excluded from the analyses

 

1 3

570



Vegetation History and Archaeobotany (2026) 35:567–582

measurements (EFT + L), corrected for taphonomic effects 
(Bouby et al. 2024). As archaeological material is subject to 
changes depending on the type of preservation, in this study 
the shape and length of each pip was adjusted, following the 
methodology based on experimental work by Bouby et al. 
(2023).

Here, LDA was used to classify the status of the pips (wild 
or domestic) and the variety groups, based on a grouping 
into four Usage and Regional Groups (URG) as established 
by Laucou et al. (2018) and Dong et al. (2023). The follow-
ing four groups are distinguished: (1) eastern table grape 
cultivars, (2) wine cultivars originating from the Balkans, 
(3) wine cultivars from western Europe and (4) wine - table 
grapes from the Iberian Peninsula (Laucou et al. 2018; Bon-
homme et al. 2021; Dong et al. 2023; Bouby et al. 2024).

It is important to note that the model used in this study 
was trained to recognise these four main groups, which 
incorporate the vast majority of the known diversity of cul-
tivated vines (Bonhomme et al. 2021; Bouby et al. 2024). 
The procedure for the classification of the grape pips was 
as follows: each archaeological pip was first characterized 
according to its status (wild vs. domesticated) using 100 
balanced LDAs. With 100 predictions per pip, the majority 
result (≥51) was considered to determine the final classifica-
tion (Bouby et al. 2024). Then, all the archaeological pips 
assigned to the domesticated type entered a second round of 
100 balanced LDAs to assign them to one of the four URGs 
by comparing them with the modern database (Bonhomme 
et al. 2021).

Results

Differences in shape by principle component 
analysis

First, the internal variability in the shapes and forms of the 
pip samples can be shown by first comparing the archaeo-
logical samples from all the wells only with each other 
(Fig.  4). Statistical analysis indicates a substantial differ-
ence between the wells (p-value (PR(>F)) = 2.2e–16), which 
suggests the presence of pips of different shapes within each 
well. As expected, no bias has been detected in the pips 
from layer 5 of Well 1, as the measurements were corrected 
and the results are consistent with those from the other lay-
ers and wells.

Wild versus domesticated morphotypes

The second step of the analysis involved a comparison 
between archaeological and modern samples of wild and 
domesticated types; the exact numbers of pips allocated to 

Geometric modern morphometrics (GMM)

The method of outline analysis used elliptic Fourier trans-
forms (EFT) following Terral et al. (2010), Pagnoux et al. 
(2015) and Bouby et al. (2018). EFT relies on breaking 
down the outline into a sequence of trigonometric func-
tions, referred to as harmonics. Each harmonic corresponds 
to four coefficients, which form an ellipse in outline. For 
this study the method described by Bouby et al. (2024) was 
followed. The morphometric analyses were done using 
Manova multivariate analysis in the R environment (RStu-
dio, v. 2024.04.2 + 764). For each mask, the coordinates (x, 
y) of 360 equidistant points were sampled along the curvi-
linear abscissa on each outline. In addition, two landmarks 
placed at the tips of the pips were added to each image using 
Image J v. 1.54 k. These landmarks were then used to stan-
dardize the position, size, rotation and starting point of the 
outlines.

Only the five first harmonics for each outline were used, to 
maximize the shape accuracy of the reconstruction, includ-
ing more than 95% of the total harmonic power, while mini-
mizing measurement error. EFT was computed separately 
for each view, and the resulting coefficients were merged 
into a single matrix. Each pip was ultimately described by 
40 coefficients (2 views × 5 harmonics × 4 coefficients per 
harmonic), which were used as quantitative variables in the 
subsequent statistical analyses.

The length of the pip was calculated numerically from 
the two aligned pip views, averaging the values from both 
of them, and calculating it from the outline coordinates, 
following Bonhomme et al. (2021). Pip length is used as a 
proxy for size, thereby aiding in the analysis of form, which 
includes both shape and size.

Quantitative and statistical procedures

Principal component analysis (PCA) was carried out on 
the raw EFT coefficients obtained from the grape pips to 
explore differences within the assemblage. Previous studies 
(Terral et al. 2010; Pagnoux et al. 2015) have indicated that 
morphometric analyses based on EFT for grape pips allow 
the discrimination between wild and domesticated grapes, 
and also groups of varieties (parental and eco-geographical 
groups) (Bonhomme et al. 2021; Bouby et al. 2024). Com-
parative analyses of archaeological grape pips and mod-
ern reference material in the collection available at ISEM 
(Bouby et al. 2021; 2024) were done with Linear Discrimi-
nant Analysis (LDA). LDA is a statistical method which 
explains and classifies observations into predefined groups 
according to predictive variables (Bouby et al. 2021).

Two datasets of predictive variables were used, (1) 
raw EFT coefficients and (2) EFT coefficients and length 
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This comparison demonstrated that 70% (n = 947) of all 
the archaeological pips were allocated to the wild morpho-
type and 30% (n = 414) to the domesticated type. Examples 
of wild and domesticated pips from each well are given in 
Fig. 5. No pips corresponded to non-allocated or intermedi-
ate shapes between the wild and domesticated types. The 
ordering of the wells according to their mean dates demon-
strates differences between the wells in the amount of wild 
morphotype pips during the earliest phase of occupation, 
followed by a large number and finally a decrease in the 
number of pips of the wild morphotype (Fig.  6). For the 
identification of each of the pips, see ESM 1.

the wild and domesticated morphotypes per well after shape 
correction are given in Table  2. A comparative analysis 
(LDA) was done to identify whether the pips matched either 
modern wild or domesticated morphotypes.

Table 2  Number of pips allocated to wild or domesticated types per 
well after shape correction; the wells are in chronological order
Context Wild Wild % Domesticated Domesticated %
Well 2 94 49.2 97 50.8
Well 5 191 77.6 55 22.4
Well 1 159 72.3 61 27.7
Well 4 417 77.7 120 22.3
Well 3 83 49.7 84 50.3

Fig. 4  Principle components analysis of the distribution of grape pips 
in wells, 1–5. The vertical axis, PC2, divides the plot by placing the 
pips with wild characteristics on the left and the domesticated ones on 

the right side. PC1 is linked to the position of the chalaza (the navel-
like depression in the middle of the pip)
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Fig. 5  The wells and examples of 
domesticated and wild grape pips 
from each (photos of wells by Iesso 
team)
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wine, with the exception of well 4, where Iberian wine was 
more abundant, followed by Balkan wine, albeit with a 
small difference. The wells were backfilled in one episode 
or in a very short period of time. The excavated layers were 
artificial because it was impossible to identify any archaeo-
logical layers within the well deposits. A first assessment 
showed no significant differences between the layers within 
each well and thus these are not considered as separate ana-
lytical units in the analysis.

Discussion

Wild versus domesticated grape types

There is a change with time in the abundance of wild type 
pips from Iesso. Specifically, in wells 2 (in use earlier) and 3 
(later) there is less of the wild morphotype compared to the 
other wells, where wild type pips clearly dominate (Fig. 6). 
It is important to note, however, that the classification of 
pips as wild should be treated with caution in relation to its 
implications, as there has been an ongoing debate on how 
these wild grapes should be interpreted.

Bouby et al. (2010, 2013) suggested that a considerable 
proportion of the pips identified as wild morphotypes from 
various Roman and even medieval sites could have been 
from cultivated grapes. During the Roman period it seems 
that vine cultivation was less selective compared to mod-
ern practices and consequently Roman grapes could have 
included a wide range of varieties of both wild and domes-
ticated types (Bouby et al. 2013). Τhe presence of wild type 
pips may be the result of the intentional or unintentional 
transplanting of seedlings that were present in the surround-
ing area and had the desired characteristics (Bouby et al. 
2013; Figueiral et al. 2015). In fact, cross-breeding of differ-
ent varieties does not seem to have been accidental but was 
then a common agricultural practice, as later medieval texts 
refer to the crossing of different vine types (Bauman 2002, 
Piero de’ Crescenzi, Liber Ruralium Commodorum).

To better understand the nature of the grapes, it is impor-
tant to consider the differences between the reproduction of 
the wild and the domesticated ones. Wild grapevines repro-
duce sexually, but domesticated vines are cultivated prin-
cipally by vegetative propagation of clones to ensure that 
the resulting grapes will have the desired characteristics 
(This et al. 2006). Another important difference is that wild 
grapevines are dioecious with an equal number of male and 
female plants, which is not the case with domesticated vines 
where almost all varieties are hermaphrodites (Zohary et al. 
2012, p 124).

With this in mind, in order to put the Guissona results 
into context, it is necessary to investigate the presence and 

Groups of domesticated varieties

In total 429 domesticated pips were identified by the first 
LDA and were then given a second LDA to be classified into 
the main groups of varieties. Across the whole site the most 
prevalent group was Balkan wine. Iberian wine, East table 
and West wine were also present, although quite limited 
(Fig. 7). A closer examination of the finds from each well 
reveals a quite consistent pattern as Fig. 8 demonstrates. In 
almost all wells, the main domesticated group was Balkan 

Fig. 7  Pie diagram showing proportions of the archaeological pips 
allocated to the different usage and regional groups of domesticated 
varieties from all wells (with shape correction)

 

Fig. 6  Chronological distribution of pips (with shape correction) allo-
cated to wild or domesticated types according to the date of the samples
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(Figueiral et al. 2010, 2015; Terral and Bouby 2013; Ter-
ral et al. 2010). Bouby et al. (2013) synthesized data from 
17 sites, revealing a general predominance of domesticated 
over wild and intermediate/non-allocated pips, suggesting a 
more gradual domestication process. Moreover, a hypoth-
esis was put forward on the growing of wild type grapes 
near wine production facilities such as Gasquinoy, based 
on archaeological evidence from different parts of France 
(Bouby et al. 2024). Additionally, the work of Ramos-Mad-
rigal et al. (2019) on ancient Vitis DNA, using archaeologi-
cal samples from various sites in France dating back to the 
Roman and medieval periods, demonstrated a clear correla-
tion between ancient and modern regional cultivated variet-
ies, as some of the archaeological and modern pip samples 
shared parent–offspring relationships. It is interesting that 
the early Roman pips from the site of Mas de Vignoles XIV 
(2nd–1st c. bce) showed greater genetic similarity to variet-
ies from Iberia and Eastern Europe. In contrast, most Roman 
and medieval pips from France demonstrated genetic resem-
blance to modern varieties from Western Europe (Ramos-
Madrigal et al. 2019). In Italy, a broad study of grape pips 
through time from 25 archaeological sites revealed that 
while domesticated grapes seem to have been dominant 
since the late Bronze Age, there was an increase of wild 
and non-allocated forms in the Roman period, which was 
interpreted as the probable result of introgression between 
local wild and cultivated vines, which may have led to the 
emergence of new varieties (Ucchesu et al. 2025). More 
site-specific studies showed that at Cetamura del Chianti, 
domesticated pips clearly predominated in both late Etrus-
can (150–100 bce) and early Roman (37–68 ce) contexts, 
with only minor occurrences of wild or non-allocated types 
(Mariotti Lippi et al. 2020). However, at Villamagna, bio-
metric and morphometric analyses identified a high pro-
portion of wild type pips from late Roman and medieval 
layers. Researchers have offered three explanations: (1) 

abundance of both wild and domesticated grapes across the 
broader region. The application of GMM to grape pips from 
Roman sites in the Mediterranean region remains relatively 
limited, though the studies done to date reveal emerging 
trends of grapevine domestication and cultivation practices. 
Various methodologies have been used in different regions, 
ranging from GMM to distance-based biometric measure-
ments, to distinguish between wild, domesticated and inter-
mediate forms, revealing a complex and regionally variable 
picture of the development of viticulture (for example, Boso 
et al. 2020; Bouby et al. 2024). In the Iberian Peninsula, 
studies of Roman and medieval sites in Galicia and cen-
tral Portugal have revealed the presence of both domesti-
cated and wild type pips (Boso et al. 2020; Coradeschi et al. 
2023). It should be noted, however, that both studies com-
pared the archaeological samples only with modern local 
wild and domesticated varieties, suggesting continuity with 
modern local varieties (Boso et al. 2020; Coradeschi et al. 
2023). Genetic studies of modern grapevines in the western 
Iberian Peninsula have shed more light on the processes of 
grape domestication and management. Cunha et al. (2020) 
suggested a local secondary domestication episode or intro-
gression process from wild to cultivated vines in Portugal. 
The study of Freitas et al. (2021) on modern material from 
the Iberian Peninsula also demonstrated an introgression 
between wild and domesticated vines, similar to what has 
been observed elsewhere in Eurasia (for example, Dong 
et al. 2023). Freitas et al. (2021) further suggested that the 
domesticated vine varieties that arrived on the peninsula 
came into contact with local wild types, giving rise to hybrid 
local domesticated varieties, and rejected the idea that local 
wild vine varieties were in the process of domestication.

Southern France has had more GMM studies on Roman 
material, showing that some sites had predominantly wild 
type pips (Bonhomme et al. 2021), while others had equal 
amounts of wild and domesticated types or more of the latter 

Fig. 8  Proportions of the archaeological pips allocated to the different usage and regional groups of varieties and wild type (with shape correction) 
per well
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at Guissona (Fig. 6) should not be unexpected and may be 
attributable to a combination of the economic and environ-
mental conditions and the vine growing techniques in the 
area at this time. It may reflect a response to less favour-
able environmental conditions, so that various vine types 
were grown, including genotypes close to their wild ances-
tors and also ones collected or acquired from the wild. It 
is thus possible that the cultivation of wild morphotypes at 
Iesso was partly due to their greater resilience to the drier 
northeastern Iberian climate of the period. The increased 
proportion of domesticated grapes in later contexts (well 3) 
may reflect changes in growing practices, possibly partly 
linked to wetter conditions in the northern Iberian Peninsula 
after 500 ce. While environmental factors may have played 
a role, economic, commercial and cultural influences must 
also be considered in explaining management choices, as 
discussed below.

Viticulture, wine trade and the Roman economy

At Guissona, grape pips were abundant in all the excavated 
wells (Buxó et al. 2004; Baniou et al. 2024a, b) suggesting 
that grapes were common and were used in some way. Evi-
dence of wine consumption at Iesso dates from its founda-
tion in the 2nd c. bce, as shown by imported wine amphorae. 
Among the earliest finds are 44 Italian amphorae, 86.9% of 
the total MNI of amphorae found in the foundation pits of 
the town (Pera Isern et al. 2023, Fig. 19), and 33 (65.2%) 
of them probably contained wine (Guitart et al. 1998; Pera 
Isern et al. 2023). Greco-Italian wine amphorae from the 
same period were also identified (Guitart et  al.  1998). 
Organic residue analyses on pottery of the period confirm 
the transport and storage of wine in various amphorae, 
including Italian Dressel 1B and Tarraconensian types (Cau 
Ontiveros et al. 2018), which have also been found at Guis-
sona (Pascual 1 and Dressel 3–2; Carreras Monfort 2004), 
although no residue analyses have been done for these con-
tainers at the site (Baniou et al. 2024b).

It should be noted that Iesso was founded immediately 
after the abandonment of the Roman military base at Puig 
Castellar de Biosca, located nearby. The presence of Italian 
amphorae at Iesso suggested that the potential consumers of 
the newly founded town in around 120 bce were of Italian 
origin, preferring their own products (Guitart et al. 1998; 
Carreras Monfort 2004). This should not be considered 
surprising, given that Iesso represents the early stages of 
Roman presence in northeastern Iberia. Indeed, the period 
of its foundation coincides with the era of Roman control 
of the region and the founding of the first cities (Pera Isern 
et al. 2023). Though located inland about 80 km from the 
coast, Iesso had access to trade networks, mainly through 
the port of Tarragona (Pera Isern 2005; Carreras Monfort 

these grapes could have been domesticated types that had 
returned to their natural wild state due to the socio-political 
conditions of this period and the subsequent decline in agri-
cultural activities; (2) cultivated vines in the region might 
have retained traits typical of wild grapes without being 
truly wild; or (3) during the Roman period, there may have 
been little emphasis on selecting strictly domesticated vari-
eties, with wild, domesticated and intermediate types all 
being used (Carmenati et al. 2024). Overall, these studies 
demonstrate the variability and flexibility of the growing of 
grapevines across the Roman Mediterranean region as well 
as a dynamic domestication process. The evidence points to 
a viticulture during this period that was not rigid but adapted 
to local needs, involving varying degrees of human man-
agement. The coexistence of wild, domesticated and inter-
mediate/non-allocated forms suggest that the growing of 
different vine types together facilitated gene flow between 
them. Although domestication was well on its way during 
the Roman period, wild type vines were possibly used (see 
also Arroyo-Garcia et al. 2006; Bouby et al. 2013, 2024) 
leading to domesticated grapes that were better adapted to 
the local environments and influencing the development of 
regional varieties (Freitas et al. 2021; Magris et al. 2021; 
Cunha et al. 2020).

The environmental conditions during the Roman period 
indeed probably influenced cultivation choices. In the Med-
iterranean region from 200 to 500 ce was the time of the 
Roman Climatic Optimum (Erdkamp 2021, 426). How-
ever, Labuhn et al. (2018) showed that this was not uniform 
across the region, dividing it into four sub-regions. In the 
Iberian Peninsula, the north experienced drier conditions in 
the early 1st millennium ce, similar to northern Italy, which 
became wetter from 500 ce onwards (Labuhn et al. 2018, 
p 79), a change supported by oxygen isotope data from the 
Cueva de Asiul (Smith et al. 2016) and pollen analyses of 
various sites in Catalonia (Riera-Mora and Esteban-Amat 
1994). In contrast, southern Iberia, southern Italy, the Bal-
kans and northern Greece were wetter during this time, 
becoming drier only after 600 ce (Labuhn et al. 2018, p 
79). A trend towards greater climate instability since the 3rd 
c. ce has been revealed by pollen and charcoal analyses in 
various areas of the northeastern Iberian Peninsula, which 
coincided with agricultural and social crises in the Roman 
Empire (Burjachs et al. 2005, p 25; Burjachs 2012).

Growers would have adapted their strategies to this vary-
ing climate by using empirical knowledge (Erdkamp 2021, 
pp 416, 437). Grapevines are highly sensitive to climate 
changes (Van Limbergen and de Clercq 2021, pp 443–444) 
and wild vines, while less suitable for making wine due to 
their small and acidic berries (Zohary et al. 2012, p 122), are 
more resilient to environmental stress (Cantu et al. 2024). 
Therefore, the high proportion of wild morphotypes found 
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to its state of preservation, it was probably small, approxi-
mately 3.125 m3. The absence of imported amphorae from 
the 6th c. ce may indicate that local wine production met 
local needs (Uscatescu 2004, p 50), unlike in earlier periods. 
However, this absence could also result from the scarcity of 
5th–6th c. contexts at Guissona. Near the wine press, well 3 
was fully excavated. Although a direct association between 
the two structures is unconfirmed, they are the only known 
structures active in this part of Iesso during the 5th c. ce 
(Uscatescu 2004; Guitart i Duran 2007, p 11). The GMM 
results of this study show an almost equal presence of wild 
and domesticated grape types in the well, including the Bal-
kan wine, Iberian wine, and West wine varieties, suggesting 
their use in local wine production.

Despite the absence of archaeological evidence for wine 
presses before the 5th c. ce, wine was probably being made 
at Iesso before then. It should be considered that apart from 
the fixed and complex winemaking structures, simple struc-
tures (Peña Cervantes 2010, p 40) or mobile structures made 
of perishable materials, such as wooden barrels (Uscatescu 
2004; Brun 2020) that leave no archaeological traces, could 
have been used for making wine and storing it. The presence 
of pips from wine grape varieties from the Balkans, the Ibe-
rian Peninsula and the West may further indicate the ancient 
origins and use of these groups of varieties for making wine. 
The finding at Guissona of Greek wine amphorae and others 
from the Iberian Peninsula, mostly from the Tarraco region 
(Carreras Monfort 2004, p 158), indicates commercial inter-
actions with these regions, wine imports and an appreciation 
and taste for these products, at least by part of its population. 
Export of wine from Iesso cannot be suggested on current 
evidence, but wine is likely to have been produced for local 
consumption.

Grape varieties and Roman tastes

Grapes were used in various ways: eaten fresh, dried as rai-
sins, or pressed for juice, vinegar and cooking ingredients. 
Ancient authors refer to several of these uses as well as to 
grape varieties, their management and viticulture in general, 
while some references are also made to specific regions of 
the Iberian Peninsula in relation to viticulture, although very 
few mention the northeastern part (ESM 2).

Despite the scarcity of written sources for the region, 
archaeological and pottery evidence suggests that the 
coastal areas of modern Catalonia were engaged in wine 
production between the mid 2nd c. bce and the late 2nd c. 
ce (Peña Cervantes 2020).

Grape pips from archaeological contexts can provide 
valuable insights into past grape varieties and their uses. 
Recent studies have shown a relationship between seed 
morphology and both the use and the geographical origin 

2004), but fewer imported amphorae were found at Guis-
sona than at coastal towns (Carreras Monfort 2004). The 
variety of origins of the amphorae reveals the broad com-
mercial contacts of the town.

From the 2nd to mid 1st c. bce, imports of wine amphorae, 
especially from Italy, increased and then declined in later 
periods. From the mid 1st c. bce to the early 1st c. ce, fewer 
wine amphorae were found, mainly Tarraconensis, Italian 
and Greek types (Carreras Monfort 2004, pp 157–158). The 
dominance of Balkan grape varieties among the pips along 
with Italian and Greek amphorae may indicate a preference 
for those wines. Carreras Monfort  (2004, p 159) suggests 
that Italian amphorae at this time were used for higher-qual-
ity and therefore more expensive wines, possibly reflecting 
the tastes of the wealthier part of the population of Iesso. 
Between the mid 1st and early 2nd c. ce, amphorae contin-
ued to come from Tarraconensis and Greece. From the 2nd 
c. ce, a few wine containers from Gallia (Gaul) appear, a 
trend also seen in other parts of the Hispania Citerior prov-
ince (Carreras Monfort 2004, pp 159–160).

The internal trade within the Iberian Peninsula developed 
further during the 2nd and 4th c. ce, while imperial control 
over trade seems to have been more limited (Keay 1988, pp 
106–107). The fact that well 4, dating to this period, has a 
high presence of grapes of the wild type may suggest that 
more localised practices (and tastes, see below) developed 
within these contexts to meet the needs of the inhabitants. In 
the 4th c. ce, there was still an exchange of goods between 
the regions on the Mediterranean coast, and there was also 
internal trade between the Iberian provinces (Keay 1987, 
p 385). This is something that can also be observed from 
the finds from Guissona, as from the beginning of the 3rd 
until the 5th c. ce, amphorae for transporting fish-based 
products from Baetica and Lusitania and oil from the Gua-
dalquivir have been found, while from the 4th to the 7th 
c. ce, also wine amphorae from the Aegean were present 
(Carreras Monfort 2004, p 160). It is also important to note 
that excavated contexts in Guissona from this later period 
are extremely rare (Carreras Monfort 2004). Consequently, 
the presence or absence of certain types must be considered 
with caution.

Returning to the issue of wine production at the site, 
archaeological evidence only confirms the presence of a 
wine press during Late Antiquity (late 5th–early 6th c. ce). 
The base, treading floor and tank (calcatorium) were identi-
fied, along with unexcavated wall remains which probably 
belonged to the storage area (Uscatescu 2004, 21). East of 
the calcatorium, the wine press was discovered, made with 
a dry stone construction which joined two large rectangu-
lar stones. The wine press had a central aperture and chan-
nel for collecting the must (grape juice) (Uscatescu 2004, 
pp 22–23). Although its capacity is hard to determine due 
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red wines under certain conditions (Maghradze et al. 2020). 
The same study also found that acidity levels differ by type 
(Maghradze et al. 2020). Experiments in northeastern Spain 
also observed a strong red colour in wines made from wild 
grapes (Ocete et al. 2011a; Meléndez et al. 2016). The 
higher acidity could potentially help to preserve the wine, 
but adding wild grape wine to that made from domesti-
cated grapes significantly reduces the alcohol content and 
does not appear to preserve the wine for longer (Maghradze 
et al. 2020).

Taste preferences have a strong socio-cultural basis, 
significantly shaping food experiences and perceptions 
(Livarda 2013, 2018; Freedman 2005). Ancient Greek and 
Roman authors described flavours, including those of wine 
(Boulay 2018; Paulas 2018). Pliny the Elder identified 13 
juice flavours, along with their colours and odours (Natu-
ral History 15.32–33). Wine was described as ranging from 
sweet to bitter, white to black in colour and varied in consis-
tency (Boulay 2018, pp 201, 205). Diluting wine with water 
was common to adjust the taste (Bush 2002, p 580). Pliny 
the Elder noted that sweetness was a key indicator of wine 
quality (Natural History 14.4).

In this context, the high proportion of wild grape types 
found at Guissona could indicate that they were used and 
probably grown for a particular quality of wine which was 
suited to local environmental conditions and taste prefer-
ences. Wild grapes were used in Spain until recently for 
making vinegar, medicine or to alter wine flavour, among 
other uses (Ocete et al. 2011b). On the other hand, the more 
limited presence of certain domesticated grape varieties 
could indicate the production of a higher quality or more 
desirable kind of wine, according to the standards of the 
period, perhaps in smaller amounts, directed to certain cul-
tural needs or preferences of parts of the town population or 
even possibly to activities incorporated within the ‘global’ 
Roman fashions and economy.

Conclusions

This study has explored grape cultivation and wine making, 
providing significant new insights into the Iberian Penin-
sula and its northeastern part, a generally unexplored area 
of the Roman world. The results obtained by this GMM 
study demonstrate that pips of the wild grape morphotype 
generally predominate over the domesticated type at the site 
through time. The majority of the domesticated pips belong 
to groups of varieties suitable for making wine, with the 
Balkan wine group dominating, followed by Iberian wine 
and then equal amounts of Western wine and Eastern table 
grapes. The increased presence of wild grape types at vari-
ous Roman and medieval sites in the Mediterranean region 

of Vitis vinifera varieties (Bonhomme et al. 2020), with 
the use being the most important (Bonhomme et al. 2021). 
However, this kind of research has not been applied to most 
Roman provinces except for France, where the analysis of 
grape pips from several sites with different chronologies 
has been done (Bouby et al. 2024; Bonhomme et al. 2021). 
Also, a palaeogenomic study on samples from different sites 
in southern and north-eastern France dating from the Iron 
Age to the Middle Ages showed that most grape pips were 
related to varieties from western and central Europe used 
for making wine (Ramos-Madrigal et al. 2019). Notably, no 
comparable studies have yet been done on material from the 
Iberian Peninsula until this study, which is a reference point 
for this area.

A comparison of the results from Guissona with those 
from other sites where the study has reached the level of 
identification of variety groups shows that although the 
same group of varieties was present at all sites, there are 
variations in the predominant ones. In almost all cases, 
however, most of the domesticated varieties are associated 
with wine making. The presence of several different variety 
groups could be indicative of their use for making wines 
with distinct flavours, among other uses of the grapes, sug-
gesting a level of expertise and proficiency in wine making.

The pips from Guissona show a clear preference for 
the Balkan varieties among the domesticated grapes in all 
the wells, while West wine was the least frequent. In the 
three more recent wells (1, 4 and 3), the second most com-
mon category was Iberian wine. In contrast, in the first two 
wells (2 and 5), Balkan wine was followed by the East table 
variety group, which were mainly for table consumption, 
possibly reflecting the economic and cultural choices of the 
earlier inhabitants of the town, which seem to have been 
largely continued throughout its occupation. It should be 
noted that the proportion of pips classified as the wild mor-
photype may provide additional evidence for the growing 
of locally native vines. However, it cannot be ruled out that 
these wild grapes may be partly the result of introductions 
of wild vines from elsewhere, as no geographical groups 
can be identified within the wild morphotype category.

The fact that the remains from all the wells were domi-
nated by varieties that are best suited for making wine possi-
bly indicates that more attention was given to how the wine 
was made, while the diversity of grape types could be the 
result of taste preferences and/or commercial relationships. 
The high percentage of the local wild morphotype could 
indicate a conscious selection for more acidic flavours, apart 
from the environmental reasons as discussed above (Zohary 
et al. 2012, p 122; Maghradze et al. 2020) or to improve the 
colour of the wine. An experimental making of wine with 
wild grapes from various regions of Eurasia showed that, 
although having little juice, they can improve the colour of 
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It has been suggested here that it is possible that envi-
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to the wild subspecies, which could have grown better in 
the less favourable climate of the period. Pollen analyses at 
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the foundation of the town onwards, as shown by the finds 
of wine amphorae which had been imported from various 
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Overall, this study has demonstrated how a detailed study 
of archaeobotanical grape pips with the aid of GMM has 
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ronment, economy and cultural tastes in the management of 
agricultural resources and local foodways.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​3​4​-​0​
2​5​-​0​1​0​7​9​-​y.

Acknowledgements  We would like to thank César Carreras Monfort 
for sharing his unpublished work with us and for providing us with 
valuable insights into the dynamics of the making of amphorae and 
trade in Roman Hispania and Iesso. Funding was provided by the 
Departament de Cultura de la Generalitat de Catalunya (Ministry of 
Culture of the Generalitat de Catalunya) and l’Ajuntament de Guis-
sona i l’Institut d’Estudis Catalans (Guissona City Council and the 
Institute for Catalan Studies). This paper forms part of Theoni Bani-
ou’s doctoral thesis in Classical Archaeology at Rovira i Virgili Uni-
versity (URV), Universitat Autònoma de Barcelona (UAB) and Institut 

1 3

579

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.quaint.2015.07.021
https://doi.org/10.1016/j.quaint.2015.07.021
https://doi.org/10.1007/s12520-024-02011-7
https://doi.org/10.1007/s12520-024-02011-7
https://doi.org/10.11588/propylaeum.1319.c19013
https://doi.org/10.1007/s00334-025-01079-y
https://doi.org/10.1007/s00334-025-01079-y


Vegetation History and Archaeobotany (2026) 35:567–582

Buxó R (1997) Arqueología de las plantas. La explotación económica 
de las semillas y los frutos en el marco mediterráneo de la Penín-
sula Ibérica. Crítica, Barcelona

Buxó R (2008) The agricultural consequences of colonial contacts 
on the Iberian Peninsula in the first millennium B.C. Veget Hist 
Archaeobot 17:145–154. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​3​4​-​0​0​7​-​0​1​
3​3​-​7

Buxó R, Canal D, Guitart J et al (2004) Excavació de dos pous d’època 
romana a Guissona: l’explotació dels recursos vegetals a la ciutat 
de Iesso als segles I a. C. – II d. C. In: Guitart Duran J, Pera Isern 
J (eds) Iesso I: miscel·lània arqueològica. Patronat d’Arqueologia 
de Guissona, pp 213–277

Buxó R (1999) Les restes de llavors i fruits. In: Aquilué X (ed) Inter-
vencions arqueològiques a Sant Martí d’Empúries (1994–1996) 
De l’assentament pre-colonial a l’Empúries actual. (Monografies 
Emporitanes 9) pp 605–611

Cantu D, Massonnet M, Cochetel N (2024) The wild side of grape 
genomics. Trends Genet 40:601–610. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​t​
i​g​.​2​0​2​4​.​0​4​.​0​1​4

Carmenati R, Breglia F, Fiorentino G, Perna R (2024) Grapes under 
the lens: A methodological approach to the study of a seed assem-
blage from Villamagna (Urbisaglia, Italy). In Dodd E, Van Lim-
bergen D (eds) Methods in Ancient Wine archaeology. Scientific 
approaches in Roman contexts. Bloomsbury, London, Great Brit-
ain, pp 115–123

Carreras Monfort C (in press) Production and exchange of wine. In: 
Pina Polo F (ed), Iberia. Cambridge, Cambridge University Press

Carreras Monfort C (2004) Les àmfores de Iesso. In: Guitart Duran 
J, Pera Isern J (eds) Iesso I: miscel·lània arqueològica. Patronat 
d’Arqueologia de Guissona, pp 145–169

Cau Ontiveros MA, Martínez Farreras V, Pecci A et al (2018) Archaeo-
metric analysis for provenance and content of Roman ampho-
rae from the site of Sa Mesquida (Mallorca, Spain). Mediterr 
Archaeol Archaeomet 18:87–105. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​5​​2​8​1​​/​z​e​​n​o​d​
o​.​1​2​9​7​1​5​1

Columella (1941) de Re Rustica ​h​t​t​p​​s​:​/​​/​t​o​p​​o​s​​t​e​x​​t​.​o​r​​g​/​w​​o​r​k​​/​7​9​9 
(accessed on 21/05/2025)

Coradeschi G, Ucchesu M, Dias E et al (2023) A glimpse into the viti-
culture of Roman Lusitania: morphometric analysis of charred 
grape pips from Torre dos Namorados, Portugal. Veget Hist 
Archaeobot 32:349–360. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​3​4​-​0​2​3​-​0​0​
9​1​2​-​6

Cunha J, Ibáñez J, Teixera-Santos M et al (2020) Genetic Relation-
ships Among Portuguese Cultivated and Wild Vitis vinifera L. 
Germplasm Front Plant Sci 11:127. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​p​​l​s​
.​2​0​2​0​.​0​0​1​2​7

Currás A, Costa AM, Freitas MdC, Danielsen R, Bugalhão J (2021) 
Landscape change and vegetation history in the city of Lisbon 
during Roman times and the Early Medieval Period. Holocene 
31:134–144. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​0​9​​5​9​6​8​3​6​2​0​9​6​1​5​1​4

Dong Y, Duan S, Xia Q et al (2023) Dual domestications and origin of 
traits in grapevine evolution. Science 379:892–901. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​1​2​6​​/​s​c​​i​e​n​c​e​.​a​d​d​8​6​5​5

Erdkamp P (2021) Climate Change and the Productive Landscape in 
the Mediterranean Region in the Roman Period. In: Erdkamp P, 
Manning JG, Verboven K (eds) Climate Change and Ancient Soci-
eties in Europe and the Near East. Springer, Cham, pp 411–442

Étienne R, Mayet F (2000) Le Vin hispanique (Trois clés de l’économie 
de l’Hispanie Romaine). E. de Boccard, Paris

Figueiral I, Bouby L, Buffat L et al (2010) Archaeobotany, vine grow-
ing and wine producing in Roman Southern France: the site of 
Gasquinoy (Béziers, Hérault). J Archaeol Sci 37:139–149. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​s​.​2​0​0​9​.​0​9​.​0​2​4

Figueiral I, Pomarèdes H, Court-Picon M et al (2015) New insights 
into Mediterranean Gallo-Roman farming: a closer look at 

An Archaeobotanical Approach Using as a Case Study the Site of 
Iesso, Spain. Environmental Archaeology: 1–20 ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​8​0​​/​1​4​​6​1​4​​1​0​3​​.​2​0​2​​5​.​​2​5​6​5​8​5​6

Bauman J (2002) Tradition and transformation: the pleasure garden 
in Piero de’ Crescenzi’s: Liber ruralium commodorum. Stud Hist 
Gard des Landsc 22:100–111. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​1​4​​6​0​1​​1​7​6​​.​
2​0​0​​2​.​​1​0​4​3​5​2​5​7

Bonhomme V, Picq S, Ivorra S et al (2020) Eco-evo-devo implications 
and archaeobiological perspectives of trait covariance in fruits of 
wild and domesticated grapevines. PLoS ONE 15:e0239863. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​2​3​9​8​6​3

Bonhomme V, Ivorra S, Lacombe T et al (2021) Pip shape echoes 
grapevine domestication history. Sci Rep 11:21381. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​9​8​-​0​2​1​-​0​0​8​7​7​-​4

Boso S, Gago P, Santiago JL et al (2020) Morphometric comparison of 
current, Roman-era and medieval Vitis seeds from the north-west 
of Spain. Aust J Grape Wine Res 26:300–308. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​1​1​1​​/​a​j​​g​w​.​1​2​4​3​9

Bouby L, Figueiral I, Bouchette A et al (2013) Bioarchaeological 
insights into the process of domestication of grapevine (Vitis 
vinifera L.) during Roman times in Southern France. PLoS ONE 
8(5):e63195. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​0​6​3​1​9​5

Bouby L, Bonhomme V, Ivorra S et al (2018) Back from burn out: are 
experimentally charred grapevine pips too distorted to be char-
acterized using morphometrics? Archaeol Anthropol Sci 10:943–
954. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​2​5​2​0​-​0​1​6​-​0​4​2​5​-​x

Bouby L, Wales N, Jalabadze M et al (2021) Tracking the history of 
grapevine cultivation in Georgia by combining geometric mor-
phometrics and ancient DNA. Veget Hist Archaeobot 30:63–76. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​3​4​-​0​2​0​-​0​0​8​0​3​-​0

Bouby L, Bonhomme V, Ivorra S, Pastor T (2023) Experimental 
waterlogging of grape seeds, impact on seed shape and geomet-
rical reversing for morphometric inference. J Archaeol Sci Rep 
51:104–204. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​s​r​e​p​.​2​0​2​3​.​1​0​4​2​0​4

Bouby L, Bonhomme V, Ivorra S et al (2024) Seed morphometrics 
unravels the evolutionary history of grapevine in France. Sci Rep 
14:22207. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​9​8​-​0​2​4​-​7​2​6​9​2​-​6

Bouby L, Terral JF, Figueiral I, et al. (2010) La vigne sauvage (Vitis 
vinifera subsp. sylvestris): une plante cultivée dans les établisse-
ments viticoles de la Narbonnaise? In: Delhon WC, Théry-Pari-
sot I, Thiébault S (eds) Des hommes et des plantes. Exploitation 
du milieu et gestion des ressources végétales de la préhistoire 
à nos jours. XXXe rencontres internationales d’archéologie et 
d’histoire d’Antibes, APDCA, Antibes, pp 129–139

Boulay T (2018) Tastes of wine: sensorial wine analysis in ancient 
Greece. In: Rudolph KJ (ed) Taste and the ancient senses. Rout-
ledge, Oxon, pp 197–211

Brun JP (2020) From Oil to Wine? A Balanced View on the Production 
of the Most Representative Agricultural Products of Antiquity. In: 
Brun JP, Garnier N, Olcese G (Eds.), Archaeology and Economy 
in the Ancient World. A. Making Wine in Western-Mediterranean 
B. Production and the Trade of Amphorae: Some New Data from 
Italy Panel 3.5, vol 9. Propylaeum, Heidelberg, pp 3–21

Burjachs F, Bach J, Buxó R et al (2005) El territori d’ Emporion i les 
seves dades paleoambientals. Empúries 54:21–28

Burjachs F (2012) Paleoecología botánica de las llanuras litorales del 
NE de la Península Ibérica: de la Edad del Bronce Final hasta 
finales de la Edad Media. Reinterpretando los datos. In: Ropiot 
V, Puig C, Mazière F (eds), Les plaines littorales en Méditerranée 
nord-occidentale Regards croisés d’histoire, d’archéologie et de 
géographie de la Protohistoire au Moyen Âge. Éditions Monique 
Mergoil Montagnac, pp 283–296

Bush JF (2002) “By Hercules! The More Common the Wine, the More 
Wholesome!” Science and the adulteration of food and other 
natural products in ancient Rome. Food Drug Law J 57:573–602

1 3

580

https://doi.org/10.1007/s00334-007-0133-7
https://doi.org/10.1007/s00334-007-0133-7
https://doi.org/10.1016/j.tig.2024.04.014
https://doi.org/10.1016/j.tig.2024.04.014
https://doi.org/10.5281/zenodo.1297151
https://doi.org/10.5281/zenodo.1297151
https://topostext.org/work/799
https://doi.org/10.1007/s00334-023-00912-6
https://doi.org/10.1007/s00334-023-00912-6
https://doi.org/10.3389/fpls.2020.00127
https://doi.org/10.3389/fpls.2020.00127
https://doi.org/10.1177/0959683620961514
https://doi.org/10.1126/science.add8655
https://doi.org/10.1126/science.add8655
https://doi.org/10.1016/j.jas.2009.09.024
https://doi.org/10.1016/j.jas.2009.09.024
https://doi.org/10.1080/14614103.2025.2565856
https://doi.org/10.1080/14614103.2025.2565856
https://doi.org/10.1080/14601176.2002.10435257
https://doi.org/10.1080/14601176.2002.10435257
https://doi.org/10.1371/journal.pone.0239863
https://doi.org/10.1371/journal.pone.0239863
https://doi.org/10.1038/s41598-021-00877-4
https://doi.org/10.1038/s41598-021-00877-4
https://doi.org/10.1111/ajgw.12439
https://doi.org/10.1111/ajgw.12439
https://doi.org/10.1371/journal.pone.0063195
https://doi.org/10.1007/s12520-016-0425-x
https://doi.org/10.1007/s00334-020-00803-0
https://doi.org/10.1007/s00334-020-00803-0
https://doi.org/10.1016/j.jasrep.2023.104204
https://doi.org/10.1038/s41598-024-72692-6


Vegetation History and Archaeobotany (2026) 35:567–582

Navarra, Spain) from 1995 to 2015. OENO One 50:65–75. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​0​8​7​​0​/​o​​e​n​o​​-​o​n​​e​.​2​0​​1​6​​.​5​0​.​2​.​7​8​2

Ocete R, Arroyo-Garcia R, Morales M, Cantos M, Gallardo A, Pérez 
M, Gómez I, López M (2011a) Characterization of Vitis vinifera 
L. subspecies sylvestris (Gmelin) Hegi in the Ebro River Basin 
(Spain). Vitis J Grapevine Res 50:11–16

Ocete R, Gallardo A, Pérez MA et al (2011b) Usages traditionnels de 
la vigne sauvage en Espagne. Territoires du vin, 3. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​5​​8​3​3​​5​/​t​​e​r​r​​i​t​o​​i​r​e​s​​d​u​​v​i​n​.​1​4​1​6

Pagnoux C, Bouby L, Ivorra S et al (2015) Inferring the ancient grape-
vine (Vitis vinifera L.) agrobiodiversity in Greece by a compara-
tive shape analysis of archaeological and modern seeds. Veget 
Hist Archaeobot 24:75–84. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​3​4​-​0​1​4​-​0​
4​8​2​-​y

Panella C (2010) Roma, il suburbio e l’Italia in età medio- e tardo-
Republicana. Cultura materiale, territori, economie. Facta 
4:11–124

Paulas J (2018) Tastes of the extraordinary: flavours lists in Imperial-
Rome. In: Rudolph KJ (ed) Taste and the ancient senses. Rout-
ledge, Abingdon, pp 212–227

Pavón Torrejón P (2019) Aproximación a la implantación del dominio 
Romano. In: Sánchez López EH, Bustamante-Álvarez M (eds) 
Arqueología Romana en Península Ibérica. Universidad de 
Granada, Granada, pp 65–78

Peña Cervantes Y (2010) Torcularia. La producción de vino y aceite 
en Hispania, Institut Català d’Arqueologia Clàssica II Títol III. 
(Col·lecció: Documenta 14) Tarragona

Peña Cervantes Y (2020) Wine Making in the Iberian Peninsula during 
the Roman Period: Archaeology, Archaeobotany and Biochemi-
cal Analysis. In: Brun JP, Garnier N, Olcese G (eds) Archaeology 
and Economy in the Ancient World. A. Making Wine in Western-
Mediterranean B. Production and the Trade of Amphorae: Some 
New Data from Italy, Panel 3.5 vol 9. Propylaeum, Heidelberg, 
pp 73–87

Peña Chocarro L, Pérez-Jordà G, Alonso N et al (2019) Roman and 
medieval crops in the Iberian Peninsula: a first overview of seeds 
and fruits from archaeological sites. Quat Int 499:49–66. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​q​u​a​i​n​t​.​2​0​1​7​.​0​9​.​0​3​7

Pera Isern J (2005) La terra sigillata itàlice de Iesso (Guissona, La 
Segarra). Empúries 54:177–211

Pera Isern J, Romaní Sala N, Carreras Monfort C, Rodrigo Requena E 
(2023) El castellum de Puig Castellar de Biosca (180–120 AC) i 
la fundació de la ciutat romana de Iesso. Anàlisi de contextos. In: 
Burch J, Nolla JM, Tremoleda J (Eds.) El gran canvi. La fundació 
de les primeres ciutats romanes al nord-est de la Hispània Cite-
rior. Documenta Universitaria, Girona, pp 223–246

Pérez-Jordà G (2000) La conservación y la transformación de los pro-
ductos agrícolas en el Mundo Ibérico. Saguntum PLAV Extra 
3:47–68

Pérez-Jordà G, Alonso N, Rovira N, et al. (2021) The Emergence of 
Arboriculture in the 1st Millennium BC along the Mediterra-
nean’s “FarWest”. Agronomy:1–32 ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​a​g​​r​o​
n​o​m​y​1​1​0​5​0​9​0​2 

Pliny the Elder, Natural History ​h​t​t​p​​s​:​/​​/​w​w​w​​.​p​​e​r​s​​e​u​s​.​​t​u​f​​t​s​.​​e​d​u​​/​h​o​​p​p​e​r​​
/​t​​e​x​t​?​d​o​c​=​P​l​i​n​.​+​N​a​t​&​f​r​o​m​d​o​c​=​P​e​r​s​e​u​s​%​3​A​t​e​x​t​%​3​A​1​9​9​9​.​0​2​.​0​1​
3​7 (accessed on 21/05/2025)

Ramil Rego P, Aira Rodríguez MJ (1993) A palaeocarpological study 
of Neolithic and Bronze Age levels of the Buraco da Pala rock-
shelter (Bragança, Portugal). Veget Hist Archaeobot 2:163–172. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​B​F​​0​0​1​9​8​5​8​7

Ramos-Madrigal J, Wiborg Runge AK, Bouby L et al (2019) Palaeoge-
nomic insights into the origins of French grapevine diversity. Nat 
Plants 5:595–603. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​4​7​7​-​0​1​9​-​0​4​3​7​-​5

Riera-Mora S, Esteban-Amat A (1994) Vegetation history and human 
activity during the last 6000 years on the central Catalan coast 
(northeastern Iberian Peninsula). Veget Hist Archaeobot 3:7–23

archaeological wells in Southern France. Archaeol Anthropol Sci 
7:201–233. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​2​5​2​0​-​0​1​4​-​0​1​8​1​-​8

Freedman C (2005) Roman taste. Food, Culture & Society 8:7–30. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​7​5​2​​/​1​5​​5​2​8​0​1​0​5​7​7​8​0​5​5​4​0​7

Freitas S, Gazda MA, Rebelo M et al (2021) Pervasive hybridization 
with local wild relatives in western European grapevine varieties. 
Sci Adv, 7(47), eabi8584

Grassi F, Labra M, Imazio S et al (2003) Evidence of a secondary 
grapevine domestication centre detected by SSR analysis. Theor 
Appl Gen 107:1315–1320

Guitart J, Pera J, Carreras C (1998) La presencia del vi itàlic a les 
fundacions urbanes del principi del segle I a.C. al’ interior de 
Catalunya: l’ exemple de Iesso. In: II Col·loqui internacional d’ 
arqueología romana. Actes, Museu de Badalona, Monografies 
Badalonines 14, pp 39–65

Guitart Duran J, Padrós N, Castellana D (2023) The public thermal 
baths of Iesso. In: Guitart J, Payà X (Eds.), Romans in the West: 
Ilerda, Iesso, Aeso. Museu de Lleida, pp 129–142

Guitart i Duran J (2007) L’utilisation de l’eau en Catalogne romaine: 
le cas de Iesso (Guissona). In: Brun J-P, Fiches J-L (eds) Énergie 
hydraulique et machines élévatrices d’eau dans l’Antiquité. Pub-
lications du Centre Jean Bérard, Naples, pp 33–49

Keay SJ (1988) Exploring the Roman World. Roman Spain. British 
Museum Publications, London

Keay SJ (1987) La importación de vino y aceite en la Tarraconense 
Oriental en la Antigüidad. In: Museu Municipal (ed) El Vi a 
l’antiguitat: economia producció i comerç al Mediterrani occi-
dental: I Col.loqui d’Arqueologia Romana: actes. Museu de Bad-
alona, Badalona, pp 383–395

Labuhn I, Finné M, Izdebski A, Roberts N, Woodbridge J (2018) Cli-
matic changes and their impacts in the Mediterranean during the 
First Millennium AD. In: Izdebski A, Mulryan M (eds) Environ-
ment and society in the long late antiquity. Leiden, pp 65–88

Laubenheimer F (2013) Amphoras and Shipwrecks: wine from the 
Tyrrhenian coast at the end of the Republic and its distribution in 
Gaul. In: Derose Evans J (ed) A companion to the Archaeology of 
the Roman Republic. Blackwell, Oxford, pp 97–109

Laucou V, Launay A, Bacilieri R et al (2018) Extended diversity analy-
sis of cultivated grapevine Vitis vinifera with 10K genome-wide 
SNPs. PLoS ONE 13(2):e0192540. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​
a​l​.​p​o​n​e​.​0​1​9​2​5​4​0

Livarda A (2013) Date, rituals and socio-cultural identity in the North-
western Roman Provinces. Oxf J Archaeol 32:101–117. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​o​j​​o​a​.​1​2​0​0​4

Livarda A (2018) Tastes in the Roman provinces: an archaeobotanical 
approach to socio-cultural change. In: Rudolph KJ (ed) Taste and 
the ancient senses. Routledge, Abingdon, pp 179–196

Maghradze D, Melyan G, Salimov V et al (2020) Wild grapevine (Vitis 
sylvestris C.C.Gmel.) wines from the Southern Caucasus region. 
OENO One 54:849–862

Magris G, Jurman I, Fornasiero Paparelli E et al (2021) The genomes 
of 204 Vitis vinifera accessions reveal the origin of European 
wine grapes. Nature Comm 12:7240. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​
m​4​6​7​-​0​2​1​-​2​7​4​8​7​-​y

Mangafa M, Kotsakis K (1996) A new method for the identification of 
wild and cultivated charred grape seeds. J Archaeol Sci 23:409–
418. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​6​​/​j​a​​s​c​.​1​9​9​6​.​0​0​3​6

Mariotti Lippi M, Mori Secci M, Giachi G et al (2020) Plant remains in 
an Etruscan-Roman well at Cetamura del Chianti, Italy. Archaeol 
Anthropol Sci 12:35. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​2​5​2​0​-​0​1​9​-​0​0​9​9​
2​-​4

McGovern PE (2003) Ancient wine: the search for the origins of vini-
culture. Princeton University Press, Princeton

Meléndez E, Puras P, García JL et al (2016) Evolution of wild and 
feral vines from the Ega river gallery forest (Basque Country and 

1 3

581

https://doi.org/10.20870/oeno-one.2016.50.2.782
https://doi.org/10.20870/oeno-one.2016.50.2.782
https://doi.org/10.58335/territoiresduvin.1416
https://doi.org/10.58335/territoiresduvin.1416
https://doi.org/10.1007/s00334-014-0482-y
https://doi.org/10.1007/s00334-014-0482-y
https://doi.org/10.1016/j.quaint.2017.09.037
https://doi.org/10.1016/j.quaint.2017.09.037
https://doi.org/10.3390/agronomy11050902
https://doi.org/10.3390/agronomy11050902
https://www.perseus.tufts.edu/hopper/text?doc=Plin.+Nat&fromdoc=Perseus%3Atext%3A1999.02.0137
https://www.perseus.tufts.edu/hopper/text?doc=Plin.+Nat&fromdoc=Perseus%3Atext%3A1999.02.0137
https://www.perseus.tufts.edu/hopper/text?doc=Plin.+Nat&fromdoc=Perseus%3Atext%3A1999.02.0137
https://doi.org/10.1007/BF00198587
https://doi.org/10.1007/BF00198587
https://doi.org/10.1038/s41477-019-0437-5
https://doi.org/10.1007/s12520-014-0181-8
https://doi.org/10.2752/155280105778055407
https://doi.org/10.2752/155280105778055407
https://doi.org/10.1371/journal.pone.0192540
https://doi.org/10.1371/journal.pone.0192540
https://doi.org/10.1111/ojoa.12004
https://doi.org/10.1111/ojoa.12004
https://doi.org/10.1038/s4m467-021-27487-y
https://doi.org/10.1038/s4m467-021-27487-y
https://doi.org/10.1006/jasc.1996.0036
https://doi.org/10.1007/s12520-019-00992-4
https://doi.org/10.1007/s12520-019-00992-4


Vegetation History and Archaeobotany (2026) 35:567–582

Knowledge of Grape Domestication Process. PLOS ONE 11, 
e0149814. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​1​4​9​8​1​4 

Ucchesu M, Ivorra S, Pastor T, Bouby L (2024) Comparison of image 
acquisition techniques and morphometric methods to distin-
guish between Vitis vinifera subspecies and cultivars. Veget Hist 
Archaeobot 33:695–704. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​3​4​-​0​2​4​-​0​0​
9​9​2​-​y

Ucchesu M, Ivorra S, Bonhomme V et al (2025) Tracing the emergence 
of domesticated grapevine in Italy. PLoS ONE 20:e0321653. ​h​t​t​p​
s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​1​3​​​7​1​/​​j​o​u​r​​n​a​l​.​p​​o​n​e​.​0​3​2​1​6​5​3

Uscatescu A (2004) La ciutat de Iesso durant l’antiguitat tardana: les 
novetats de la campanya d’excavacions de 1999. In: Guitart J, 
Pera J (eds) Iesso I: Miscel·lània arqueològica. Institut d’Estudis 
Catalan, Barcelona, pp 11–73

Van Limbergen D (2020) Agroforestry and the reappraisal of Roman 
viticulture. Glob Environ 13:432–450

Van Limbergen D, de Clercq W (2021) Viticulture as a Climate 
Proxyfor the Roman World? Global Warming as a Comparative 
Frameworkfor Interpreting the Ancient Source Material in Italy 
and theWest (ca. 200 BC–200 AD). In: Erdkamp P, Manning JG, 
VerbovenK (eds) Climate Change and Ancient Societies in Euro-
peand the Near East. Springer, Cham, pp 443–484

Zohary D, Hopf M, Weiss E (2012) Domestication of plants in the Old 
World, 4th edn. Oxford University Press, Oxford

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Romaní Sala N, Rodrigo Requena E, Pera Isern J, Guitart Duran J 
(2022) La ocupación periurbana de la zona norte de la ciudad 
romana de Iesso. Novedades Arqueológicas. In: Mateos Cruz P, 
Olcina M, Pizzo A, Schattner TG (eds) Small Towns, una realidad 
urbana en la Hispania romana. Mytra, Mérida, pp 283–292

Smith AC, Wynn PM, Barker PA et al (2016) North Atlantic forcing 
of moisture delivery to Europe throughout the Holocene. Sci Rep 
6:24745. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​r​​e​p​2​4​7​4​5

Stummer A (1911) Zur Urgeschichte der Rebe und Weinbaues. Mitt 
Anthropol Ges Wien 41:283–296

Terral JF, Bouby L (2013) Domestication de la vigne (Vitis vinifera 
L.) et origines de cépages en France: apport de l’archéobiologie. 
Food Hist 11:11–25. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​4​8​4​​/​J​.​​F​O​O​D​.​5​.​1​0​2​1​0​0

Terral JF, Tabard E, Bouby L et al (2010) Evolution and history of 
grapevine (Vitis vinifera) under domestication: new morphomet-
ric perspectives to understand seed domestication syndrome and 
reveal origins of ancient European cultivars. Ann Bot 105:443–
455. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​a​o​​b​/​m​c​p​2​9​8

This P, Lacombe T, Thomas MR (2006) Historical origins and genetic 
diversity of wine grapes. Trends Genet 22:511–519. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​0​1​6​​/​j​.​​t​i​g​.​2​0​0​6​.​0​7​.​0​0​8

Thurmond DL (2017) From vines to wines in Classical Rome. A hand-
book of viticulture and oenology in Rome and the Roman West. 
Brill, Boston

Ucchesu M, Orrù M, Grillo O, Venora G, Paglietti G, Ardu A, Bac-
chetta G (2016) Predictive Method for Correct Identification of 
Archaeological Charred Grape Seeds: Support for Advances in 

1 3

582

https://doi.org/10.1371/journal.pone.0149814
https://doi.org/10.1007/s00334-024-00992-y
https://doi.org/10.1007/s00334-024-00992-y
https://doi.org/10.1371/journal.pone.0321653
https://doi.org/10.1371/journal.pone.0321653
https://doi.org/10.1038/srep24745
https://doi.org/10.1484/J.FOOD.5.102100
https://doi.org/10.1093/aob/mcp298
https://doi.org/10.1016/j.tig.2006.07.008
https://doi.org/10.1016/j.tig.2006.07.008

	﻿Past grapes, present insights: an investigation of grape use in Roman north-eastern Iberia using geometric modern morphometrics (GMM)
	﻿Abstract
	﻿Introduction
	﻿The site

	﻿Materials and methods
	﻿Samples and sample preparation
	﻿Image and outline acquisition
	﻿Geometric modern morphometrics (GMM)
	﻿Quantitative and statistical procedures

	﻿Results
	﻿Differences in shape by principle component analysis
	﻿Wild versus domesticated morphotypes
	﻿Groups of domesticated varieties

	﻿Discussion
	﻿Wild versus domesticated grape types
	﻿Viticulture, wine trade and the Roman economy
	﻿Grape varieties and Roman tastes

	﻿Conclusions
	﻿References 


