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In Western Europe, at the turn of our era, the emergence of the Roman economic and agropastoral model
is considered as the trigger for morphological changes experienced by livestock. This assumption is now
undermined, reviving questions of the origin and mechanism of these changes as well as the inﬂuence of
Gaul's agricultural particularities in the process. To investigate this question we used a geometric
morphometric approach to study the phenotypic relationships of almost 600 dental remains of pigs (Sus
scrofa domesticus) from 11 Gallic and Italian sites, and pinpoint evidence of Roman or indigenous
signature on the livestock. The comparison of these different samples allowed us to demonstrate that the
link between the Roman and Gallic pigs is weak, and, more importantly, that each of the two territories
seem to follow its own livestock management model. Furthermore, each region or settlement within
Gaul adopted their own particular pastoral or supplying strategies; apart from two urban sites of central
Gaul which showed clear phenotypic relationships with southern populations. These results suggest that
the pigs' morphology depended mainly on agricultural and economic characteristics of the different
territories, within Gaul and Italy, except perhaps on some urban sites with different supply strategies. It
seems, therefore, that the changing economic environment impacted both provinces independently, or at
least differently, since it cannot be excluded that there may have been some commercial relationships
between them.
© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction
In recent years, the changes in growth and form of domestic
herds from the Roman Empire have been extensively investigated
by zooarchaeologists (cf. for example Albarella et al., 2008;
MacKinnon, 2010; Colominas et al., 2013). In Gaul, these morphological changes are attested long before the Roman Conquest, as
early as the end of the Iron Age (between the 4th and the 1st
century BC). During this period, the livestock's morphology
appeared to differ from one region to another (administrative
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regions or valleys e see Duval et al., 2012) and, at least for the
Northern Gaul (Duval et al., 2013), phenotypic changes happened as
ne C (about 260e150 BC). Later (between the 2nd and
early as La Te
the end of the 1st c. BC, depending on the region), according to
studies mainly performed on cattle and horse, the emergence of the
Roman economic and agropastoral practices will lead to the acceleration of morphological changes and the emergence of a new
diversity of forms and growth patterns (cf. for example Johnstone,
2004; MacKinnon, 2010; Duval et al., 2012). Unfortunately these
studies were unable to provide answers about the precise causes
and mechanisms of this phenotypic differences and changes, and
overlooked one of key component of Gaul's domestic livestock: the
pig.
The morphological change in Gallic pigs over time is still poorly
documented due to the lack of large conducive samples (although
this could be overcome by the use of the LSI method e see for
example Duval et al., forthcoming). One of the reasons is that pigs
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with the third lower molar still either not completely formed or
erupted. The material studied come from 11 sites (9 from Gallic
territory and 2 from Italy) in order to compare dental phenotypes of
pigs from Gaul and the Italian peninsula (Fig. 1). In order to assess a
large area of Gaul, and allow the distinction of regional morphotypes within this territory, the sites chosen came from three
distinct geographic areas: (1) Gallia Belgica, (2) between Gallia
Lugdunensis and Aquitania, and (3) Narbonensis (Fig. 1). This sampling strategy cover a large latitudinal gradient (from an oceanic to
a Mediterranean climate) which superimposed over important
disparities in administrative status and cultural and agropastoral
idiosyncrasies; all of which could have contributed to the diversity
in pig morphology. In order to cover both the Gallic and Roman
periods, we selected well dated sites with large sample sizes from
each area. Where possible, we selected sites with a long chronological time span in order to track size and shape changes over the
different periods. The time span covered by the sites of Gallia
Belgica (under Roman inﬂuence from the end of the 1st c. BC) extends from the 3rd c. BC to the 2nd c. AD, from the 2nd c. BC to the
2nd c. AD for Gallia Lugdunensis and Aquitania (conquered from the
end of the 1st century AD too), and from the 5th c. BC to the 3rd c.
AD for Gallia Narbonensis (occupied since the 2nd century BC); the
two Italian sites date from the 3rd to 1st c. BC (Musarna) and 2nd c.
AD (Rome).
In the northern region (A), the samples studied come from three
sites (situated less than 10 km apart): the rural settlement of Glisy
(3rd c. BC), the Gallic, then later a Roman sanctuary, of Ribemontsur-Ancre (1st c. BC and 2nd c. AD) and the city of Amiens/Samarobriva (1st c. AD). In the centre of Gaul (B) we choose three other
sites (situated more than 100 km apart): the Gallic village of Levroux (200 BC to 14 AD) where pig husbandry seemed to be premondeau, 2012), the Roman
ponderant (Horard-Herbin, 1997; Fre
agglomeration of Argentomagus (1st c. AD) and the city of Tours/

were widely consumed in Gaul but often at a very young age;
therefore most of their bones' remains are unfused, hampering
reliable osteometric analysis. A second one is the high fragmentation of pigs' remains due to butchering practices and postdepositional taphonomy, preventing accurate morphometric
investigation. Complete dental remains, however, prove to be the
ultimate phenotypic marker to investigate changes in pig populations over large samples, both spatially and temporally.
Thanks to the recent development of geometric morphometric
approaches applied to the dental remains of suids (Cucchi et al.,
2009, 2011; Evin et al., 2013), we can now investigate the important questions regarding the impact of Romanization on pig
morphology in Gaul from the 4th c. BC to the 3rd c. AD. Was pig
husbandry in Gaul inﬂuenced by the introduction of animals from
Roman centers or rather by the zootechnic improvement of local
herds? What was the extent of contact between Gaul and Italy, and
in particular, the degree of Rome's inﬂuence over the Gallic
zootechnical improvements? And ﬁnally, how diverse was the
dental morphology of Gallic pigs?
2. Material and methods
2.1. The archaeological sites
The analysis of pig dental morphotypes in Gaul is based on the
form (size and shape) of 599 second lower molars (M2) using
geometric morphometrics (Table 1). The molar tooth was chosen
principally because it has been identiﬁed as an efﬁcient phenotypic
marker to track population histories (Ervynck et al., 2007; RowleyConwy, Dobney, 2007; Albarella et al., 2009; Cucchi et al., 2011;
Evin et al., 2015), and is well represented within archaeological
assemblages. In the samples studied, the ﬁrst lower molar of pigs
(slaughtered primarily around 1e2 years) is often greatly worn,

Table 1
Archaeological samples studied with their site name, their membership to the different Roman provinces divided into four geographic areas (A, B, C and D), their chronological
span, the sample size per individual chronological context and the latitudinal position of each site. Each chronological context is considered as a population sample whose label
is displayed in Population ID and will be used in the text, tables and ﬁgures. Chronological factor provides the grouping factor used to test the temporal effect.
Site names

Roman provinces

Chronology

n teeth Chronological Population ID Latitude Reference
factor

Glisy e Les Terres de Ville
Ribemont-sur-Ancre

A: Gallia Belgica

3rd c. BC
1st c. BC
third quarter
of the 2nd c. AD
1st c. AD

49
54
36

3BC
1BC
2AD

GLI 3BC
RIB 1BC
RIB 2AD

49.88
49.96

50

1AD

AMI 1AD

49.89

Auxiette (unpublished)
niel (unpublished)
Me
Fercoq du Leslay
and Lepetz (2008)
Lepetz (2010)

B: Gallia Lugdunensis phase 1 (200e150 BC)
and Aquitania
phase 2 (150e100 BC)
phase 3 (150e100 BC)
phase 4 (100e80 BC)
phase 5 (20 BC to 14 AD)
end of the 1st c. BC to the
end of the 1st c. AD
1st c. AD
2nd c. AD

33
13
54
19
13
44

2BC
2BC
2BC
1BC
1BC
1AD

LEV 1
LEV 2
LEV 3
LEV 4
LEV 5
ARG 1AD

46.98

Horard-Herbin (1997)

46.6

Rodet-Belarbi (1989)

27
20

1AD
2AD

TOURS 1AD
TOURS 2AD

47.39

Poupon (unpublished)

C: Gallia Narbonensis 5th c. BC
4th c. BC
3rd c. BC
2nd c. BC
1st c. BC
1st c. AD
from the 1st to the 3rd c. AD
second half of the 2nd c. AD

4
22
8
13
9
14
20
36

5BC
4BC
3BC
2BC
1BC
1AD
2AD
2AD

LAT 5BC
LAT 4BC
LAT 3BC
LAT 2BC
LAT 1BC
LAT 1AD
NIM 2AD
AIX 2AD

43.57

Colomer and Gardeisen (1992);
Gardeisen (1999, 2003, 2008, 2009);
Renaud (2012)

43.84
43.53

Forest (unpublished)
Leguilloux (1997)

from the 3rd to the 1st c. BC 24
2nd c. AD
37

2BC
2AD

MUS 2BC
ROM 2AD

42.42
41.89

Tagliacozzo (unpublished)
Lepetz (unpublished)

Amiens/Samarobriva e Palais
des Sports
nes
Levroux e Les Are

Saint-Marcel/Argentomagus
Tours/Caesarodunum
Lattes/Lattara

Nîmes/Nemausus
Aix-en-Provence/Aquae
Sextiae e ZAC Sextius
Mirabeau
Musarna
Rome e Vigna Barberini

D: Italy peninsula
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Fig. 1. Location of the archaeological sites studied in Italy and the various Gallic provinces.

Caesarodunum (1st and 2nd c. AD). In Southern Gaul (C), again these
sites were located more than 100 km apart, included the protohistoric and antique settlement of Lattes/Lattara (5th c. BC to the 1st
c. AD), an important Mediterranean commercial port; the city of
Nîmes/Nemausus (1st to 3rd c. AD), chief-town of its territory, and a
pork butcher's dumping pit in Aix-en-Provence/Aquae Sextiae (2nd
c. AD). Finally, material from Italy (D) comes from the early occupations of the Roman agglomeration of Musarna (3rd to the 1st c.
BC) and the imperial palace erected on the Vigna Barberini in Rome
(2nd c. AD).
2.2. Methods
2.2.1. Geometric morphometrics
In order to quantify the phenotypic relationships between pig
populations, the size and shape analysis of the occlusal surface of
second lower molars was performed with geometric morphometrics approaches, after the method developed by Cucchi et al. (2011).
We have amended it for this study by changing the two landmarks
located on the outline of the crown into semi-landmarks, due to
lack of repeatability. We have kept the seven landmarks within the
occlusal surface (Fig. 2). We extracted 68 equidistant semilandmarks from the outline of the external 2D projection of the
crown with a starting position located at the maximum curvature of

the outline between the metaconid and the entoconid (Fig. 2).
Pictures of the occlusal face of teeth were taken with a Nikon
D7000 coupled with a 105 mm Micro objective. Landmarks and
semi-landmarks were acquired with TpsDig2 v.2.16 (Rohlf, 2010a).
The centroid size and the shape coordinates were obtained after
a generalized Procrustes superimposition was performed on the
landmark and semi-landmark conﬁgurations (Rohlf and Slice, 1990;
Goodall, 1995). This procedure is a least square oriented approach
that removed information of position, size and orientation from the
conﬁgurations' coordinates by translating them to a common
origin, scaling them to the same centroid size, and rotating them to
minimize the distances between each landmark. The semilandmarks were forced to slide along the tangent of the outline
curve to minimize the bending energy to the mean (Bookstein,
1997).
TpsRelw v.1.49 (Rohlf, 2010b) was used to perform the Procustes
superimposition and the sliding of the semi-landmarks, and to
compute the centroid size and the Procrustes coordinates: the size
and shape variables for the statistical analyses. The Log of the
centroid size (LogCS) was used for the statistical analyses.
2.2.2. Statistics
Overall differences of centroid size variation between population samples were tested using an Analysis of Variance (ANOVA)
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Fig. 2. Occlusal view of the M2 with the main cusps nomenclature above and the localization of the landmarks (black points) and semi-landmarks (white points) below.

and the pairwise comparison with the associated Tuckey's HSD test,
for which sample sizes are not required to be equal. The graphical
display of molar size variation among population samples was
performed using box-plots.
The molar shape differences amongst the population samples
were tested using a one-way Multivariate Analysis of Variance
(MANOVA) (Pillai's test). Due to the relatively small number of
specimens, and compared to the large number of variables generated by shape analyses, we used the dimensionality reduction
method with Principal Components analysis proposed by M. Baylac
and M. Friess (2005). To display the differences among the various
population samples both spatially and temporally, we used a Canonical Variate Analysis (CVA): a multigroup form of discriminant
analysis, and a phenogram using the unrooted neighbor joining
algorithm (NJ) computed from Mahalanobis distances between the
population's mean shape. For the sake of better readability of patterns of molar shape differentiation, the CVA only displays graphically the population mean shapes with their interval of conﬁdence.
The association of the different discriminant axes allows a deeper
perception of the structure of variation and increased ﬂexibility,
welcome in the context of an analysis where factors of variation are
intertwined and follow different directions. This representation
system is consistent with the idea that it is necessary to multiply

the angles, and not to lead too rigid an approach. Dental shape
changes along the discriminant axes of the CVA were visualized by
computation of the deformations along the discriminant axes by
multivariate regression (Monteiro, 1999).
To test whether geography and chronology inﬂuenced the patterns of the molar centroid size and shape variation, and interacted
with the population differences we used two-way ANOVA and
MANOVA respectively. The geographic factor is deﬁned by the four
areas (A, B, C and D) and the chronological factor is displayed in
Table 1.
Finally, considering the large distribution of our samples and
knowing the inﬂuence of abiotic parameters (precipitation, temperatures, etc.) over the dental morphology of mammals (Caumul,
Polly, 2005; McGuire, 2010; Cucchi et al., 2014), we wanted to
assess how much the environmental differences among the sites
contributed to the molar size and shape variation of the pigs and
inﬂuenced their differentiation. We used the coordinates of the
latitudinal position of each archaeological site as a useful proxy of
the environmental differences among the sites since latitudinal
positions reﬂect both the climatic and ecological parameters of a
region. We tested the dependence of size and shape variation with
the latitudinal position using univariate (LogCS) and multivariate
(Procrustes coordinates) regressions respectively, associated with a
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permutation test of 10,000 rounds. The latitudinal values per each
sites (Table 1) where obtained from the World Geodetic System
1984.
Statistical analyses were performed using R v.2.13.1 (R Development Core Team 2011), with the ade 4 (Dray and Dufour, 2007),
ape (Paradis et al., 2004) and Rmorph libraries (Baylac, 2012), as
well as MorphoJ software version 1.05c (Klingenberg, 2011).
3. Results
3.1. Geographical, environmental and chronological variation of the
centroid size of pig molars
Overall, ANOVA found highly signiﬁcant differences in M20
centroid size among the pig samples (F ¼ 4.873, df ¼ 17, P < 0.0001),
however, these differences are not signiﬁcantly inﬂuenced by the
environmental distances over the large geographical distribution of
the archaeological samples (Table 2).
Two way ANOVA found a highly signiﬁcant geographic effect
over the molar centroid size variation (F ¼ 15.0656, df ¼ 3,
P < 0.0001) but a low chronological one (F ¼ 2.8452, df ¼ 8,
P ¼ 0.0042), and a slight interaction between the geographic and
the chronological effects (F ¼ 3.7324, df ¼ 5, P ¼ 0.0025). Despite
the signiﬁcant differences of centroid size (among population
samples, geography and chronology), the distribution of the variation illustrated by the box-plot (Fig. 3) reveals a lack of strong
geographical or chronological trend with a very constant M2
centroid size of the population samples of our dataset. This trend
was conﬁrmed by the pairwise comparison (Table 3) which only
found signiﬁcant differences for the smallest specimens from
Belgica (GLI 3BC and RIB 1BC), LAT 2BC and Italy (MUS 2BC and ROM
2AD) and for the largest ones from LAT 1AD and especially TOURS
2AD.
However, even if most of these differences are not signiﬁcant,
we can see that the molar centroid size for the Gallic period (3rd to
1st c. BC) is smaller than during the Roman period (1st to 3rd c. AD),
for population samples from Belgica and Lugdunensis/Aquitania
ne and the Roman period.
(Fig. 3), with an increase between La Te
This observation conforms with results obtained from teeth and
limb bones measurements, in Gaul and other regions, for the pig
and all other domestic species (Lepetz, 1996a, 1996b; MacKinnon,
2001, 2010; Albarella et al., 2008; Colominas et al., 2013; Duval
et al., forthcoming). In contrast, the situation for southern sites is
less clear. All the population samples from Gaul have a mean molar
centroid size greater than the Italian pigs, although no signiﬁcant
differences have been observed (see Table 3). Hence, molar size
variation already shows regional idiosyncrasies with different dynamics of morphological changes across regions. Although the
three studied areas do not differ by the molar centroid size of their
pigs, we observed some differences in their variation through time.
There is also a strong local identity, insofar as in selected areas, size
increase appears clearly for sites for where both Gallic and Roman
populations were studied (Ribemont-sur-Ancre/Tours/Lattes).
Thanks to the long chronological record of the molar centroid size
in Lattes, we can also observe a trend towards size reduction from
the 5th c. BC to the 1st c. BC followed by an increase towards the 1st
c. AD. This same size reduction, indicative of a size reduction in the
ne site of Glisy
pig itself, is also observable between the middle La Te
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ne site of Ribemont-sur-Ancre (Gallia Belgica).
and the ﬁnal La Te
This is consistent with data from other domestic species in France
niel, 1984) who reached their global minimum at the end of the
(Me
Iron Age. For these specimens, whose morphological variations are
small, the centroid size of the second lower molars seems to
describe brieﬂy a coherent evolutionary scheme, observed in postcranial skeleton morphometrics (Duval, unpublished PhD).
For Italian pigs, the trend is not driven towards a size increase
but a decline. Even though not the case in Gaul, this trend is not
exceptional since the same observation has already been made for
Catalan pig teeth and bone size between the Iron Age and the Ro~ a, 2009). But most importantly,
man period (Colominas and San
Italian centroid size values are inferior to other samples across all
periods. It is interesting to see that Italian animals, which are
presumably those who inﬂuenced the morphological evolution of
the Gallic pigs, are, even when compared to samples from the La
ne period, the smallest. It appears, therefore, that molar centroid
Te
size does not provide any insight into the inﬂuence of Italian over
Gallic stock.
3.2. Molar shape diversity of Gallic pigs and their relationship with
Italian populations
Molar shape differences among the Gallic and Italian population
samples of our study were highly signiﬁcant (Pillai ¼ 1.6898,
F ¼ 1.6594, P < 0.0001), and their phenotypic relationships present
signiﬁcant geographic (Pillai ¼ 0.52823, F ¼ 4.0358, P < 0.0001) and
chronological (Pillai ¼ 0.64115, F ¼ 1.6621, P < 0.0001) structuration
which interact (Pillai ¼ 0.36760, F ¼ 1.5047, P ¼ 0.0003). The
geographic pattern of the shape variation is not signiﬁcantly
inﬂuenced by the environmental differences between the sites (see
Table 2).
The phenotypic relationships between the populations mean
shapes, depicted by the NJ phenogram (Fig. 4), evidenced a strong
local and regional differentiation, downplaying the time factor. The
population samples from the different phases of Levroux display
tight phenotypic relationships, just like the two samples of
Ribemont-sur-Ancre, and those of Tours. On a larger scale, it appears
that all the sites of Belgica are grouped, like the Italian ones. As with
the centroid sizes, molar shapes from the southern Gaul samples are
much more diverse, supporting further the speciﬁcity of this
geographic area. Despite the strong geographic inﬂuence over the
M20 shape variation, other factors seem to have driven the molar
shape pattern of our dataset. Indeed, the phenogram displays the
dichotomy between the relationships among the Gallic sites of the
north and the center (Levroux), and the relationships among the
sites of Southern Gaul, Italy and Roman sites of center Gaul (Gallia
Lugdunensis and Aquitania). Strikingly, the urban sites of Tours and
Argentomagus, in the center of Gaul, dating from the 1st and 2nd c.
AD, are neither related with northern samples of Belgica nor with the
most geographically close population samples of Levroux, but are
strongly branched within the Narbonensis' samples. Such phenotypic
relationships suggest either a strong genetic inﬂuence of southern
stock in the make up of the herds of these two urban sites, or supply
strategies reliant mainly on southern rather than local stocks.
The association of the ﬁrst two discriminant axes of the CVA
(Fig. 5A) supports most of the observations raised from the phenogram, and also provides greater insight into the phenotypic

Table 2
Linear and multivariate regression models testing for inﬂuence of latitudinal factors on M2 size and shape.

Size (Log CS)
Shape (Procrustes coordiantes)

Total sum of squares

Predicted sum of squares

Residual sum of squares

Percentage predicted

Permutation P

0.00017924
0.00087742

0.00000011
0.00013758

0.00017913
0.0007399

0.06
15.68

0.938
0.091
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Fig. 3. Box-plot of M2 Log transformed centroid size summarizing molar size variation in the studied samples. Inside the boxes, the horizontal line marks the median of the sample.
The length of each box shows the range within the central 50% (upper and lower limits of boxes represents the 25 and 75 percent quartiles). The whiskers show the range of values
that fall within the inner fences. Circles represent outlier values. The notch displayed around the median gives roughly a 95% conﬁdence interval for the difference in two medians.
The red horizontal bar materializes the position of the mean size of Roman samples. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the
web version of this article.)

relationships of the Gallic and Italian samples. One of the main
directions of differentiation in the molar shape discriminant space
displayed along CV1 separate clearly the morphotypes of Levroux
and Belgica from those of Narbonensis, Italy and the Roman urban
sites of Tours and Argentomagus. Furthermore, the ﬁgure highlights
the local and regional consistency and continuity, with the combination of all phases of Levroux, Tours, Lattes, and on a larger scale,
the Gallic sites of area A, the Italian ones (area D), and ﬁnally, the
Roman ones from the center of Gaul (area B).
The second major axis of differentiation (CV2) helps answer
questions regarding the inﬂuence of Roman stock into Gaul's diversity. The clustering of the dental morphotype along CV2 highlights the divergence of Italian morphotypes from the Gallic ones;
while the more recent of the two Italian sites (Vigna Barberini)
displays greater divergence from Gallic samples than the Musarna's
one. This clearly suggests the development of speciﬁc herding and

husbandry practices peculiar to Italy and completely disconnected
from Gaul, rather than the intended standardization of the animal
morphologies at the time of the Roman Conquest. Such hypothesis
is further strengthened by the contrast between the molar centroid
size reduction of Italian pigs and its stability and increase in Gallic
pigs. Such discrepancy in the molar size change indicates that the
pigs of the two territories (Gaul and Italian peninsula) originated
from different populations with different physical and phenotypic
characteristics and evolution.
Finally, the differentiation along CV3 reveals three relevant
patterns (Fig. 5B). The ﬁrst is the huge differentiation of the 2nd c.
AD urban sites of Nîmes (chief-town) and Aix-en-Provence
(butcher's shop), suggesting possibly particular supply strategies.
The second shows that despite their phenotypic proximity, the
Roman sites from the area B are clustered and slightly different
from the southern ones, suggesting that despite a clear inﬂuence,

Table 3
Post hoc Tukey HSD test for pairwise comparison between population samples. Probabilities p values displayed in the upper right triangle with the signiﬁcant (below the 0.05
threshold) ones in gray.

GLI 3 BC
RIB 1 BC
AMI 1AD
RIB 2AD
LEV 2BC to 1AD
ARG 1AD
TOURS 1AD
TOURS 2AD
LAT 5BC
LAT 4BC
LAT 3BC
LAT 2BC
LAT 1BC
LAT 1AD
NIM 2AD
AIX 2AD
MUS 2BC

RIB 1 BC

AMI 1AD

RIB 2AD

LEV 2BC
to 1AD

ARG
1AD

TOURS
1AD

TOURS
2AD

LAT
5BC

LAT
4BC

LAT
3BC

LAT
2BC

LAT
1BC

LAT
1AD

NIM
2AD

AIX
2AD

MUS 2BC

ROM
2AD

1

1
0.954

0.996
0.601
1

1
0.903
1
1

1
0.847
1
1
1

0.921
0.253
1
1
1
1

0.006
0
0.085
0.4
0.133
0.183
0.765

0.997
0.629
1
1
1
1
1
0.373

0.989
0.492
1
1
1
1
1
0.505
1

1
0.962
1
1
1
1
1
0.076
1
1

1
0.992
1
1
1
1
0.995
0.035
1
1
1

1
0.976
1
1
1
1
0.999
0.059
1
1
1
1

0.597
0.059
0.972
1
0.99
0.996
1
0.976
1
1
0.965
0.891
0.947

1
0.904
1
1
1
1
1
0.132
1
1
1
1
1
0.99

0.992
0.524
1
1
1
1
1
0.473
1
1
1
1
1
1
1

1
1
0.999
0.931
0.997
0.992
0.656
0.001
0.942
0.876
1
1
1
0.267
0.997
0.894

0.997
1
0.826
0.36
0.724
0.634
0.113
0
0.386
0.27
0.847
0.944
0.886
0.02
0.726
0.295
1
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Fig. 4. Unrooted neighbor joining phenogram computed on D-Mahalanobis between group mean shapes. Colours correspond to the four roman provinces displayed in Fig. 1.

the pigs of central Gaul kept their particularities. The third, interestingly, links the Italian settlements with the port site of Lattes
(from at least the 4th c. B.C.). Their proximity supports the idea of a
certain geographical coherence, and raises the question of a relationship that potentially existed between the largest city of the
Roman Empire and the commercial ports of the Mediterranean
coast, long before the Roman Conquest.
4. Discussion
4.1. Rome's inﬂuence on Gallic pig morphology
According to geometric morphometrics of pig dental phenotype,
the relations between Rome and Gaul is weak, contrary to what was
thought previously. There are three important trends echoing this
observation: ﬁrstly, the molar centroid size of Italian pigs is smaller
than that of Gallic pigs during both the Iron Age and Roman period;
secondly, this size reduces over time while it increases in Gaul and
ﬁnally, there are clear shape differences between Italian and Gallic
pigs which become increasingly evident.
These facts testify to the breeding of animals with distinct
physical characteristics, and to the implementation and development of different husbandry practices in the two territories (Gaul
and Italy). It seems that far from realizing complete uniformity
across the Roman Empire (born from an Italian epicenter), we are
presented with two contrasting agropastoral entities with complex
internal logics.
There is, however, additional evidence which both supports and
refutes this theory. The molars centroid size and shape shows a link
between the Italian herds and those from southern Gaul, particularly those from Lattes. This link appears not to be related to
environmental proximities between the two provinces. In contrast,
it attests more to the possible cultural and agropastoral proximity
of the two territories, as well as sustained relationships (probably at

a commercial level) between Gallic ports around the Mediterranean coast and Italy. This phenotypic proximity between Italian and
Gallic pigs from Lattes evidenced well before the Conquest, and
excludes de facto the idea of the development of Roman inﬂuence
over Gallic livestock during the takeover of Rome on conquered
territories. In addition, this connection does not exist at all for
northern sites which experienced a completely independent
evolution.
The clear phenotypic distinction between animals of the Italian
peninsula (at least in Rome) and most of Gallic ones, calls into
question the previously assumed link between the Gallic and Roman herds. Consequently, Italian husbandry methods seem to have
had no inﬂuence on the development of a new form of Gallic animal
that evolved entirely according to their own mechanisms, which is
supported by post-cranial measurements (Duval, unpublished PhD)
showing that Italian pigs are signiﬁcantly smaller and undergo a
delayed size increase compared to the Gallic ones. We can assume,
therefore, that the morphological change of Gallic pigs results from
the establishment of a new model, devised entirely by Gallic
breeders, applied solely to Gallic livestock (at least for the most
northern regions) and completely independent from the Italian
model; a phenomenon also suggested for cattle husbandry (Duval
et al., 2012, 2013).
However, we cannot totally exclude some relations between
Gaul and Italy in terms of livestock trade and management, since
other trading posts, or zones of inﬂuence, outside of Rome and
the Latium, could have had much closer links with Gaul. Indeed
texts from Latin agronomists stipulate that the Po Valley and the
south of the Italian peninsula were much more suited to husbandry than the vicinity of Rome (Polybe, 1970, 2.15; Strabon,
1967, 5.1.12; or Jaillette, 2012). Moreover, the shape proximity
between Italian pigs, those from Narbonensis, and the Roman
ones from the centre of Gaul, could reﬂect the existence of a large
scale and consistent supply area, encompassing southern Gaul
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Fig. 5. Bivariate representation of the molar shape space of the Gallic and Italian samples of the study along the canonical variate axes CV1 and CV2 (A), and CV1 and CV3 (B). M2'
shape changes associated with the CVs are depicted at the end of each axis.

and Italy both before and after the Conquest. This last observation removes Rome as central to the system, and points to a
much more regional structuration of pig husbandry in the
Roman Empire where Italian and Gallic territories share the same
level.

4.2. Geographical diversity of Gallic and Roman pigs' morphology
As previously mentioned, it is necessary to go beyond the simple
opposition between Gaul and Italy due to the differences that appear
to exist even within these territories. As we have seen, the molar
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centroid size of pigs increased in northern and central France, while
remaining constant in southern animals and decreasing in Italian
herds. These trends, without being signiﬁcantly inﬂuenced by the
environmental differences among sites, not only oppose Gallic and
Italian herds, but also those of the southern and the northern half of
Gaul. In this way, the territory seems to be segmented into several
areas where pastoral characteristics differ. These growth dynamics
were recorded for cattle in the north of Gaul (Duval et al., 2012), yet
only affected the growth speed, intensity and magnitude. If more
southern territories are included, other patterns such as size stagnation or decrease appear. These particularities of the south of Gaul
and Italy appear to be in keeping with the agropastoral speciﬁcities
of these regions. The southern peculiarities may reﬂect, for example,
a contrast between the early conquered Narbonensis and the rest of
Gaul in terms of growth pattern; or a strong regional identity within
an agropastoral strategy more reliant on caprines than suids
(Leguilloux and Lepetz, 1996).
However, the most important conﬁrmation provided by our
study is the local and regional origin of the Gallic pigs from the
Roman period. This phenotypic persistence before and after the
Roman Conquest is supported by previous analyses conducted on
cattle bones (Duval et al., 2013). This hypothesis suggests that each
locality drove the morphological changes of their own herds at
their own pace, according to available resources, the chosen economic strategy and, to a much lesser extent, environmental characteristics. This trend is particularly noticeable in the north of Gaul,
where the proximate sites studied delivered extremely close dental
forms. Italy was not an exception to the rule, and far from inﬂuencing the Gallic model, had a very different logic adapted to its
own cultural and agropastoral context. This new analysis therefore,
appears to conﬁrm not only the phenotypic and morphological
diversity of livestock in Gaul, but across the whole Empire.
With this in mind, it can be argued that the Roman model could
have driven the economic need for change, but that the farmers
themselves (regardless of regional boundaries and based on
indigenous breeds, at least for pigs) exploited and transformed
available livestock on site through the application of new farming
methods. This evolution seems to have been principally zootechnical (improved nutrition, animal protection, mating selection) and
probably without genetic transfer from exogenous livestock or new
husbandry techniques. The inﬂuence of Rome, therefore, did not
affect the animals directly or the expression of change, but acted as
the catalyzer within these different native economic models.
4.3. Phenotypic diversity: reﬂective of a differential supply?
Certain results have also allowed the further study of site supply.
The northern sites, due to their close proximity, were able to rely on a
shared pig husbandry catchment area with an economy centered on
a common territory. However, other areas provide more ambiguous
information. In the remote sites of the centre and south of Gaul,
differences in the animal's shape were generated despite a strong
regional structure. The Roman sites of area B, for example, are clearly
distinct from Iron Age Levroux. The peculiarity of Levroux could be
due to its status, as it was regarded as a centralized hub for the
preparation and sale of pigs from numerous surrounding farms
mondeau et al., 2013). Similarly, the sites of Nîmes (chief-town of
(Fre
its territory) and Aix-en-Provence (butcher shop which specialized
in pork), held an important and speciﬁc position in the supply chain
which could explain the uniqueness of their herds.
5. Conclusion
In light of this study, our initial purpose to confront Gaul and
Italy, driven by a strong historiographical tradition, seems to be
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irrelevant. It appears that the confrontation of these two territories
is not supported on any agropastoral ground. In contrast, analysis
reveals a much higher complexity, reﬂecting the heterogeneity of
the people within the Trans- and Cisalpine, or across other provinces. Beyond these entities, there is a more restricted fragmentation of which we can not reasonably draw boundaries, but which
relies on a strong local breeding strategy. There is no origin or
gradient of geographical progression to ﬁnd, therefore, but rather
the expression of a local cultural and agropastoral reality, which
affected the herd management strategies and, subsequently, the
animal's morphology. Consequently, within the context of a
changing economic environment across the Empire, each territory,
relying on local herds and according to its own abilities (livestock
characteristics, feeding resources, skills) and its economic growth
propensity has agreed to make a change in its husbandry practices.
For this reason, the Empire must not be considered as a sum of
confronting provinces, but rather as a conglomeration of relatively
autonomous, and regionally identiﬁable territories, all of which
were affected by a global model.
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