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In this article we present a comparative study of pig and cattle morphologies, and stable isotope
analysis relating to pig demographic management at Levroux Les Arénes (Indre, France), to evaluate
changes in husbandry practices between the Iron Age and the Roman period in Gallic societies.
Results indicate the establishment of new production and distribution structures, probably before
the second century BC, along with the implementation of a specific size/weight selection for the
specialized production of pork. Pig and cattle size evolves progressively from the end of the third
century BC. These changes are likely to be the result of an internal evolution within Gallic societies,
based on local herds, but possibly they are a response to a broader changing economic climate.
Within the Western Roman Empire, each province, and Italy, follows its own evolutionary pattern,
which also differs between pig and cattle, suggesting that each region adapted its husbandry
strategies according to its agro-pastoral characteristics, capacities, or ambitions.
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INTRODUCTION

The rise of the Roman Empire has long been invoked to explain changes observed in husbandry
practices, most notably in the evolution of domestic animal growth and morphology, in Gaul and
elsewhere (e.g. Brunaux & Méniel, 1983; Audoin- Rouzeau, 1991, 1995; Méniel, 1996). These
changes, believed to coincide with the Roman conquest (first century BC to first century AD), were
considered to be a direct manifestation of the process of Rome assuming power over the provinces.
However, the hypotheses regarding the chronology of events and their triggers are being reassessed.
The economic, and especially the agricultural, changes affecting Gaul actually occurred earlier, most
probably from the third century BC onwards, in response to a developing, more dynamic exchange
network (e.g. Woolf, 2000, 2001; Keay & Terrenato, 2001; Le Roux, 2004; Rieckhoff, 2006 and
subsequent issues of Bibracte volume 12%; Buchsenschutz, 2007, 2015; Ouzoulias & Tranoy, 2010;
Reddé et al., 2011). This new line of enquiry has increasingly led researchers not only to reconsider

1 Rieckhoff, 2006 is the first issue of volume 12 Celtes et Gaulois, I’Archéologie face a I'Histoire of the Bibracte
collection. This volume consists of six publications pub- lished from 2006 to 2010 (in ascending order: Vitali,
2006; Szabd, 2006; Haselgrove, 2006; Paunier 2006; Goudineau, et al., 2010), each presenting the proceed-
ings of one of the six international Round Tables orga- nized in 2005-2006 and aimed at synthesising the last
twenty years of scientific knowledge obtained about protohistoric Celts.



the chronological and geographical origins and mechanisms of change, but also to reassess the
relative level of Roman influence over this change (e.g. Malrain & Blancquaert, 2016).
Zooarchaeological research in this domain has likewise advanced, addressing issues such as herd
management strategies and the organization of meat supply and their impact on domestic animals
(Lepetz, 1995; Forest & Rodet-Belarbi, 1997, 2002; Lepetz & Matterne, 2003; Schlumbaum, et
al., 2003, 2006; Forest, 2008). The growing quantity of available data, development of new methods,
renewal of archaeological approaches, and comparison of results from different studies now permits
a more accurate understanding of the agro-pastoral practices and ties that existed between Italy and
the various provinces of the Western Roman Empire between the Iron Age and the Roman period.

This comparative study aims to throw light on the socio-economic changes occurring between the
Late Iron Age and Roman period that may have affected hus- bandry strategies in Gaul and
neighbour- ing territories. To do so, two domestic animals, characterized by different statuses and
modes of exploitation—pig and cattle —are considered. First, the evolution of the size of both
species is analysed in Gaul and its neighbouring territories (Germania Magna, Italy, and more
eastern provinces such as Germania Inferior and Superior, Rhaetia, Noricum, and Pannonia Superior)
between the sixth century BC and the seventh century AD. These wide geographical and
chronological frameworks allow us to address both animal growth dynamics and size diversity by
geo- graphical region well before, during, and after the Roman period, and enable us to answer
guestions concerning the origin (indigenous or external) of the morpho- logical changes observed in
the livestock. Second, the stable isotope analysis of pigs from Levroux Les Arénes (Indre, France) is
presented, providing an overview of hus- bandry and meat production capacities among the
Bituriges Cubi (a Gallic people) at the beginning of the second century BC. The Levroux Les Arénes
case study gives further insights into the poten- tial socio-economic mechanisms behind the changes
in husbandry strategies— notably those affecting livestock morph- ology—over the course of the
Late Iron Age in Gaul.

ANALYSIS OF PIG AND CATTLE MORPHOLOGY

Material and methods

Pig and cattle morphometric analysis was carried out over the territory of Gaul (Figure 1) as one
assemblage to document broad growth trends. Early Imperial administrative divisions were then
used to address geographical diversity in size. For pigs, the analysis was based on osteometric data
(9194 measurements) from 307 Gallic, German, and Italian sites, distribu- ted over 139 parishes in
modern France, Belgium, Switzerland, Italy, and the Netherlands (Figure 1A). For cattle, the 14,938
measurements came from 341 sites (representing 168 parishes) in Gaul, Roman ltaly, and the
provinces adjoining the limes, as well as from Germania Magna, outside the boundaries of the
Roman Empire (Figure 1B). Only limb bone length measurements were taken fol- lowing standards
established by von den Driesch (1976).
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Figure 1. Distribution maps of the parishes (black dots) that yielded (A) pig and (B) cattle bone mea-
surements (1. Germania Magna, 2. Germania Inferior, 3. Germania Superior, 4. Gallia Belgica, 5.
Gallia Lugdunensis, 6. Gallia Aquitania, 7. Gallia Narbonensis, 8. Italia, 9. Rhaetia, 10. Noricum, 11.
Pannonia Superior).

In order to identify broad morphological trends, to make the best use of the data, and to ensure that
samples are reli- able, the Log Size Index (LSI) method- ology was applied. This method permits the
combined use of measurements taken from different bones of the skeleton and therefore makes it
possible to study other- wise inaccessible small assemblages. First developed by G.G. Simpson (1941)
and adapted by R.H. Meadow (1999), the LSI method consists of calculating the differ- ence between
the decimal logarithms for each measurement taken on archaeological material (x) and the
corresponding dimen- sions for an individual or reference group (y): LSI = log(x) — log(y). The
reference used for pig LS| calculations corresponds to the averaged measurements from three sows
from Gaul discovered in the Région Centre (France), specifically in Neuville- aux-Bois (Loiret),
Prasville, and Allonnes (Eure-et-Loir) (see Bayle & Josset, 2012; for detailed information: Duval,
2015). These skeletons are dated to the Early and Middle La Téne period (between 400 and 150
BC). For cattle, a third-century AD bull from the site of Fresnes-lés-Montauban (Pas-de-Calais,
France) (Lepetz, 1996) was used as reference (metric data published in Duval et al., 2012). Its age
was estimated at 42 months and its wither height 1.35 m.

For the morphological analysis undertaken for Gaul, results are displayed in diagrams showing both
log size mean values per sites —or groups of sites when data were too scarce—(Figure 2A and 2B,
individual circles), and best fit polynomial curves reflecting the general trends in size variation
through time. These trends were statistically tested, grouping log ratios by century. As the normality
and the homoscedasticity of these newly constituted samples were not always proved (as revealed
by Shapiro-Wilk and Levene tests respectively), the adopted statis- tical approach was to perform a
Kruskal- Wallis test, followed by post-hoc compari- sons using a Mann-Whitney pairwise test with
Bonferroni correction. All results are given in the Supplementary Material.

As far as comparisons between Early Imperial administrative divisions are concerned (Figures 4
and 5), only the best fit polynomial curves are displayed to keep the figures easily readable. For each
curve, the number of data points and the strength of the relationship (R2 values, ranging between
0.204 and 0.782 for pigs, and between 0.392 and 0.869 for cattle) are directly shown on the



diagrams. The detail of site means and standard devia- tions of log ratios is provided both for Figure
2A and 2B and for Figures 3 and 4 in the Supplementary Material.
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Figure 2. Evolution of (A) pig and (B) cattle bone length measurements from the sixth century BC to
the seventh century AD in Gaul. The circles on the two plots correspond to site mean values. The
best fit polynomial curves summarize the general trend in size variation (the strength of the
relationship [R2] and the number of samples used [n] are indicated for both curves). Animal
silhouettes were drawn by Michel Coutureau, in collaboration with Vianney Forest (INRAP), ©1996
ArcheoZoo.org.

An early and continuous evolution of pig and cattle morphology

The osteometric analysis reveals that, after a conspicuous drop in pig size from the start of the
period considered, pig bone lengths increase from the very end of the third century BC (Figure 2A).
This growth appears progressive until the first century AD, when pig size rapidly increases (signifi-
cant pairwise comparisons between the first century BC and the second century AD, see
Supplementary Material), and exhibits an increasing diversity, documented by sites with higher or
much smaller length mean values (initially in the first century BC, then in second century AD; Ansari-
Bradley uni- lateral tests, p values = 1). This trend is at its most prominent during the second century
AD. That century appears to be a turning point, as a relatively stagnant phase is observed
afterwards, which may correspond to reaching a morphological optimum, and is accompanied by a
progres- sive decrease in the range of length variation (Ansari-Bradley unilateral test, p value = 1).
From the fourth century onwards, pig bone lengths progressively drop.

Cattle size (Figure 2B) seems to conspicuously decrease between the sixth and the third centuries
BC. Thereafter, between the end of the third century and the beginning of the second century BC,
bone lengths progressively increase. This growth accelerates during the course of the first century
BC (significant pairwise compari- sons between the second century BC and the third century AD, see
Supplementary Material), which is one century earlier than for pigs. As with pigs, this rapid growth
is associated with greater size diversity (initially in the first century BC, then in second and third



centuries AD; Ansari-Bradley unilateral tests, p values = 1), and is rapidly followed by a drop in values
from the start of the fourth century AD; this is slightly earlier than for pigs.
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Figure 3. Evolution of pig bone length from the fifth century BC to the seventh century AD in
different provinces of the Roman Empire. The best fit polynomial curves summarize the general
trend in size variation (the strength of the relationship [R2] and the number of samples used [n] for
the curve con- struction are indicated between parenthesis for each administrative region). Animal
silhouette was drawn by Michel Coutureau, in collaboration with Vianney Forest (INRAP). See online
version for the code colour. ©1996 ArcheoZoo.org.

In light of these results, it appears that domestic animal size starts to increase well before the
Roman conquest and the subse- quent rise of the Roman model in Gaul. Gallic herders would
therefore appear to have been instrumental in the evolution of the size of pigs and cattle within a
broader La Téne context of demographic, urban, and economic growth (Buchsenschutz, 2007).
Nevertheless, the Roman period saw further change for these two species. A slight increase in size
growth, coupled with greater size diversity, is noticeable from the first century AD onwards. The
combination of these two phenomena may indicate the strengthening of eco- nomic frameworks,
the intensification of exchanges and influences, and the emer- gence of more numerous animal
types. This latter may result from the com- plexification of social and administrative hierarchies, the
expression of a stronger regionalism in response to the penetration of the Roman economic model,
the import of animals of various types, and/or the reshaping of agro-pastoral systems within the
territory of Gaul.
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Figure 4. Evolution of cattle bone length from the fifth century BC to the fifth century AD in different
provinces of the Roman Empire and in unoccupied Germany. The best fit polynomial curves
summarize the general trend in size variation (the strength of the relationship [R2] and the number
of samples used [n] for the curve construction are indicated between parenthesis for each
administrative region). Animal silhouette was drawn by Michel Coutureau in collaboration with
Vianney Forest (INRAP). See online version for the code colour. ©1996 ArcheoZoo.org.

To refine on our perception of these broad morphological trends, the data have been split between
the different provinces of Gaul and compared with those from other territories of the Western
Roman Empire.

Regional diversity in livestock sizes

Pig size evolution is compared in six dif- ferent regions (Figure 3). The largest sizes are observed in
the provinces of Gallia Belgica and Lugdunensis. It is notable that animals from both provinces are
char- acterized by similar sizes that change in relatively parallel patterns, despite a slight time-lag. In
Germania, the size increase follows a similar pattern, but pigs do not become as tall as in Gallia
Belgica and Lugdunensis. In Gallia Narbonensis and Aquitania, pigs seem to be taller than in other
regions during the La Tene period. However, in these two provinces, pig size increases relatively little
through time and, consequently, pigs become comparatively smaller. These first five curves show a
geographical progression (from north to south) in diachronic size evolution trends, which is also
shown by the Italian curve. In Roman Italy, pigs display the smallest size and are also characterized
by a less intense growth than in Gallia Belgica and Lugdunensis. These results strongly chal- lenge
the previously held ideas that Italy was the epicentre from which changes in pig husbandry spread.
Indeed, Italy cannot have initiated, at least from a zootechnical or genetic point of view, the growth
of pigs observed in Gaul.

The data present a different picture for cattle (Figure 4). Among all the cattle from the corpus
(spread over nine different regions), the largest are those from Gallia Narbonensis and Italy. In Gallia
Belgica, Gallia Lugdunensis, and Aquitania, as well as in the eastern provinces and Germania
Superior, cattle size follows a similar increasing pattern and finally catches up with the
Mediterranean size during the course of the third century AD. In Germania Inferior, although an
increase in size is clearly visible, cattle appear quite small. Germania Magna stands out, with cattle



characterized by a rather stable size through time, as if this region had not been culturally or
economically affected by the new economic networks during the time-span considered.

By paring down the geographical subdivisions and taking other territories of the Roman Empire into
account, a greater diversity in livestock morphology and change dynamics emerges within the
Roman Empire and on its fringes. This diversity exists before the Roman conquest and changes
through time according to the region considered. Furthermore, pigs and cattle follow different
trends, likely to be the result of different modes of exploitation and economic stakes. The existence
of such diversity suggests that each territory, including Roman Italy, was driven by an overarching
changing economic context and underwent internal mutations related to its own production
capacity, know-how, and the livestock available locally. Moreover such a trend is also visible at more
local scales, at the level of civitates, valleys, or even individual sites (MacKinnon, 2010; Duval et
al., 2012, 2013; Duval, 2015; Nuviala, 2014, 2015, 2016), reflecting local environmental and
cultural characteristics, the agro-pastoral (crop/livestock) balance, or supply strategies.
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Figure 5. (A) Pig kill-off pattern from the early second century BC at Levroux Les Arénes, established
following Horard-Herbin’s 1997 methodology based on the percentage of the corrected number of
teeth (for further explanation, see Frémondeau et al., 2015). (B) The sequentially sampled
specimens that participate in the main slaughter peak—the horizontal bar represents the estimated
age at death of each specimen (following Horard-Herbin’s 1997 method). In the following section,
this local scale is used to highlight the mechanisms at the basis of the diversity in livestock morph-
ology and change dynamics in the case- study of Levroux Les Arénes. A stable isotope analysis
carried out on pigs from this Iron Age village provides further insights into husbandry strategies
implemented to promote meat production well before the Roman conquest.

COMPLEX ORGANIZATION OF MEAT PRODUCTION IN GAUL IN THE SECOND CENTURY BC

The Late Iron Age industrial settlement of Levroux Les Arénes was established at the beginning of
the second century BC within the territory of the Bituriges Cubi in central France. It remained
occupied until around 80 BC, after which the village was largely abandoned (Buchsenschutz et al.,
2000). Levroux Les Arénes played an important economic role as a specia- lized production centre,
and as an inter- mediary between local rural sites, for metalworking. It was also a trading post



supplying networks at a regional scale and further afield (Buchsenschutz et al., 2000; Berranger &
Fluzin, 2009). More than 99 per cent of the identified faunal remains from the excavation are
ascribed to domes- tic species, with the pig predominating. All the main parts of the pig skeleton
are present in the faunal assemblage, which indicates that pigs were slaughtered within the village.
However, some meat- bearing bones (femora, ribs, and vertebra) are under-represented, suggesting
that pork was also exported and consumed outside the village. Interestingly, animals slaughtered at
20-24 months are over- represented among the dental remains (Figure 5A;  Horard-Herbin,
1997; Frémondeau et al., 2015). In the particular economic context of Levroux Les Arénes, one may
wonder what the reasons for such an emphasis on this particular age group are. In an attempt to
document the scale of the Bituriges Cubi pig husbandry, and in order to identify the demographic
man- agement strategies of pig herds, a stable isotope study was conducted on the faunal
assemblage from this site (Frémondeau, 2012), the results of which have been partly published
elsewhere (Frémondeau et al., 2013, 2015; Duval et al., 2016).

The 6180 sequences measured in fifteen lower incisors are used to assess seasonality in pig birth
and slaughter (e.g. Balasse et al., 2003, 2012) and to determine whether the standardized
demographic management resulted from a strong sea- sonality of birth and slaughter, or from an
intentional selection of an age class and therefore a slaughter weight; the latter would strongly
support the hypothesis of specialized meat production at the site. The carbon and nitrogen stable
isotope composition of bone collagen from the main domestic species helps determine pig diet and,
from this, the environment they were raised in, assuming that omnivorous pigs reflect feeding from
human waste activities in the village (e.g. Ervynck et al., 2007; Hammond & O’Connor, 2013; Balasse
et al., 2013, 2015). In addition, the sequential oxygen and carbon stable isotope analysis of nine
male lower canines better characterizes pig diet on a seasonal level (e.g. Balasse, 2002;
Frémondeau et al., 2012).

The C and N stable isotope compos- ition of bone collagen reveals that pigs had a herbivorous diet
(Frémondeau et al., 2013). Moreover, the combined interpret- ation of the 6180 and §13C
sequences measured in the canines suggests that pigs were raised under tree cover at least sea-
sonally: in all nine sampled specimens, §13C values increase when 6180 values decrease and
reach a minimum, probably corresponding to autumn and winter (Figure 6; see Supplementary
Material; Frémondeau, 2012). This pattern, previ- ously observed in modern Corsican wild pigs living
under tree cover (Frémondeau et al., 2012), may correspond to feeding on forest fruits during
autumn and winter. These combined pieces of evidence strongly suggest that the pigs slaughtered in
Levroux Les Arenes were not raised within the village, but were mainly herded in surrounding farms
with herders likely to be exploiting forest resources to feed their livestock.

Results from the 6180 sequential analysis indicate that the births of the fifteen pigs sampled are
spread over roughly nine months, indicating that there was no strong seasonality of pig births within
Bituriges Cubi farms (Figure 7; Frémondeau et al., 2015). The age at death of these fifteen pigs was
estimated from tooth eruption and wear stages of their mandibles follow- ing Horard-Herbin’s 1997
method. Seven of them display a tooth development stage compatible with slaughter at around the
age of two years, which corresponds to the main slaughter peak (Figure 5B). The 6180 results
suggest that their births were spread over roughly nine months—even excluding Sus d. 13 and 18 for
which age- at-death estimations are less precise (Figure 7). Therefore, if these seven pigs were
actually killed at the same age, this would mean that their slaughter was also spread over nine
months. Provided that these specimens are representative of the age class of 20—24 months, the
killing of the pigs at Levroux Les Arenes would therefore not have been targeting a specific season of
the year, but rather a specific age group or slaughter weight (Frémondeau et al., 2015). This



deliberate and system- atic selection of animals approximately two years in age strongly suggests a
standardization of meat production. Furthermore, if pork was exported, as suggested by the
under-representation of some of the ham-bearing bones, a specialized meat production in Levroux
Les Arénes can be proposed (Flad & Hruby, 2005).
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Figure 6. Intra-tooth 6180 (open circles) and 613C (filled circles) variations (B) measured in a male
lower canine (A) dated to the early second century BC from Levroux Les Arénes. The arrows indicate
the seasonal increase in 613C values, a pattern suggesting the seasonal consumption of forest fruits
in autumn and winter.

The case-study of Levroux Les Arenes thus provides good evidence for a complex organization of
meat production. This efficient and organized production system implies the exploitation of a
specific envir- onment (the forest) in order to produce a standardized finished product (two-year old
pigs) within either a network of farms or in a few specialized farms. Zooarchaeological data,
however suggest a specialization in pig husbandry at the scale of the whole civitas (Bayle et al.,
2016). Pigs were selected and brought on foot to the settlement (involving regular animal
movements and likely necessitating regula- tion or management). There pigs were killed and their
carcasses processed by a limited number of specialists (Horard- Herbin, 1997) and some of the
meaty cuts may have been used to make high value- added products (cured pork) that were
subsequently put into circulation in the existing trade networks. Therefore, right from the beginning
of the occupation of the settlement, the system was well estab- lished, indicating an earlier initial
development time. In turn, this complex meat production system may have triggered further
specialization in animal husbandry strategies, encouraging herders (or making it more profitable for



them) to raise larger animals that would consequently produce larger carcasses. Indeed, pigs killed
at Levroux Les Arenes are, on average, among the tallest in Gaul for the period considered (Horard-
Herbin, 1997; Duval et al., 2016).
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Figure 7. Birth distribution over an annual cycle of fifteen sequentially sampled pig specimens dated
to the early second century BC from Levroux Les Arénes. For each specimen the x0/X value is the
position (in mm) of the measure §180 maximum value over crown height divided by the distance (in
mm) over which an annual cycle is recorded (Frémondeau et al., 2015). The specimens likely to be
20-24 months old when killed (i.e. the main slaughter peak) are identified by grey symbols.

CONCLUSION

In relation to Gaul, changes in domestic animal morphology and management are visible from the
second century BC and result most probably from an internal and voluntary impetus, in response
to a changing economic context—the Celtic world playing an active role in the then developing
market economy (Buchsenschutz, 2004, 2015). The Levroux Les Arénes case-study gives us a
glimpse of this new economic context and its impact on husbandry strategies. The stable isotope
analysis revealed the existence of a well-developed and complex meat produc- tion system—
perhaps organized at the wider civitas level (Bayle et al., 2016)— already by the beginning of the
second century BC, which implies a development at a much earlier age. This new economic
organization may, in turn, have fostered the size increase observed in pigs in the upper north of
Gaul from the third century BC onwards. It is therefore from Gallic initiatives and available livestock
that changes would have arisen.

Comparing results from different terri- tories in the Western Roman Empire has shown that each
province possessed herds with their own characteristics, which followed their own distinctive
pattern of evolution. Like neighbouring regions, livestock in Roman Italy under- went size changes,
potentially as a result of a more dynamic and open developing market. This heterogeneity of
patterns, based on a variety of existing situations from the start of the time-span under study,
appears also between species, with pigs and cattle following different evolu- tionary trends. This
could reflect the existence of different species’ status depending on the territory considered and the
adaptation to the characteristics, strat- egies, and/or (quality or aesthetic) selec- tion criteria existing
in the various regions. In a context of generalized eco- nomic growth, each region seems to adapt
according to its agro-pastoral characteris- tics, capacities, or ambitions.



In conclusion, it appears that communi- ties in Gaul (and others in the Roman Empire) may have
benefited from the blooming of a favourable economic context. Yet, well before the Roman con-
quest, they adapted according to their own agricultural characteristics and their own level of
engagement in the economic market. The practical organization of hus- bandry production in
western Europe, however, remains unclear over the period considered in this study (sixth century BC
to seventh century AD). The pre-eminence of cattle from Roman Italy and pigs from northern Gaul in
terms of size, and the great diversity in trends in the evolution of size within the various provinces,
tend to cloud our view of the interactions between external influences, local initiatives, and the
reflection of more indirect factors such as environmental conditions, or the farming, cultural, and
broader economic frameworks within the Roman Empire. New light on these issues may come from
increasing the database available for the geographical and chronological range con- sidered in this
article and enlarging these frameworks, comparing pig and cattle evo- lution and taking into account
other domestic taxa (sheep, goat, horse, or dog). Finally, further case studies like that undertaken
for Levroux Les Arenes, integrating traditional zooarchaeological methods and isotope analysis, are
needed to deepen our understanding of inter-site variation in husbandry strategies.

ACKNOWLEDGEMENTS

The osteometric analysis of pig and cattle stature evolution would not have been feasible without
the help of the numerous zooarchaeologists who agreed to share their data. We heartily thank:
Rose- Marie Arbogast, Thierry Argant, Ginette Auxiette, Alessio Bandelli, Anna Baudry, Grégory
Bayle, Francesco Boschin, Céline Bemilli, Estelle Bidault, Aurélia Borvon, Cécile Callou, David
Cambou, Nadia Cavanhié, Cécile Callou, Paola Catalano, Benoit Clavel, Aurélien Creuzieux, Sabine
Deschler-Erb, Jessie Duval, Alexandre Fontaine, Vianney Forest, Sylvain Foucras, Stéphane Frere,
Armelle Gardeisen, Chloé Genies, David Germinet, Alexandra Griffon, Maaike Groot, Jacopo de
Grossi Mazzorin, Marie-Pierre Horard-Herbin, Gaétan Jouanin, Virginie Labonne, Caroline Lachiche,
Dominique Lalai, Jean-Claude Le Blay, Martine Leguilloux, Sébastien Lepetz, Julie Massendari, Patrice
Méniel, Elsa Paillot, Fabienne Pigiere, Frédéric Poupon, Eric Pucher, Olivier Putelat, Emeline Quilez,
Audrey Renaud, Julie Riviére, Opale Robin, Maryline Salin, Barbara Stopp, Antonio Taggliacozzo,
Olivier Talluault and Christian Vallet. Stable isotope analyses were carried out at the Service de
Spectrométrie de Masse Isotopique du Muséum national d’Histoire naturelle (SSMIM) in Paris,
thanks to the financial support of the ERC Starting Grant GA-202881 (SIANHE, directed by M.
Balasse), of UMR 7324 CITERES and the Académie d’Agriculture de France, within a PhD funded by
the SIANHE Starting Grant. Delphine Frémondeau is currently supported by a post-doctoral fel-
lowship from the Center for Archaeological Sciences (CAS), KU Leuven, Belgium. We thank O.
Buchsenschutz for giving us access to the Levroux Les Arénes faunal assemblages. We are also
grateful to G. Fahy and two anonymous reviewers whose helpful comments significantly improved
the manuscript.



REFERENCES

Audoin-Rouzeau, F. 1991. La taille du boeuf domestique en Europe de I’Antiquité aux temps
modernes. Fiches d’ostéologie animale pour I'archéologie, 2 (40): 2—-40.

Audoin-Rouzeau, F. 1995. La taille des animaux d’élevage a I'époque romaine et leur exportation. In:
E. Baratay, ed. Homme et Animal dans I’Antiquité. Tours: Presses Universitaires de Tours, pp. 79—
101.

Balasse, M. 2002. Reconstructing Dietary and Environmental History from Enamel Isotopic Analysis:
Time Resolution of Intra-tooth Sequential Sampling. International Journal of Osteoarchaeology, 12:
155-65.

Balasse, M., BaTaéescu, A, Janzen, A., Ughetto-Monfrin, J., Mirea, P. & Andreescu, R. 2013. Early
Herding at Magura-Boldul lui Moslvanus(Early Sixth Millennium BC, Romania): Environments and
Seasonality from Stable Isotope Analysis. European Journal of Archaeology, 16: 221-46.

Balasse, M., Balasescu, A., Tornero, C,,

Frémondeau, D., Hovsepyan, R., Gillis, R., Ughetto-Monfrin, J. & Popovici, D. 2015. Investigating
the Scale of Herding in Chalcolithic Pastoral Communities Settled along the Danube River in the 5th
Millennium BC: A Case Study Bordusani-Popinaand Harsgva-tell (Romania). Quaternary
International. Available online at: http://dx.doi.org/10. 1016/j.quaint.2015.07.030.

Balasse, M., Obein, G., Ughetto-Monfrin, J. & Mainland, I. 2012. Investigating Seasonality and
Season of Birth in Past Herds: A Reference Set of Sheep Enamel Stable Oxygen Isotope Ratios.
Archaeom- etry, 54: 349-68.

Balasse, M., Smith, A.B., Ambrose, S.H. & Leigh, S.R. 2003. Determining Sheep Birth Seasonality by
Analysis of Tooth Enamel Oxygen Isotope Ratios: The Late Stone Age Site of Kasteelberg (South
Africa). Journal of Archaeological Science, 30: 205-15.

Bayle, G. & Josset, D. 2012. Dép6t de truies en silos et fossés dans des sites gaulois de Beauce.
Archéopages, 35: 32—-33.

Bayle, G., Auxiette, G., Frére, S., Germinet, D., Horard-Herbin, M.-P., Poupon, F., Riviére, J. &
Salin, M. 2016. Premiére synthese sur I'alimentation carnée dans le sud du Bassin parisien a I’age du
Fer: traditions, particularismes et influ- ences externes. In: F. Malrain & G. Blancquaert, eds.
Evolution des sociétés gau- loises du Second age du Fer, entre mutations internes et influences
externes (Revue Archéologique de Picardie, n° spécial 30). Senlis: Société des antiquités historiques
de Picardie, pp. 565-82.

Berranger, M. & Fluzin, P. 2009. The Celtic Village of Levroux (Indre, France): The Nature and
Organization of the Ironwork- ing Activities (2nd-1st centuries BC). In: O. Buchsenschutz, M.-
B. Chardenoux, S. Krausz & M. Vaginay, eds. L’age du Fer dans la boucle de la Loire. Les Gaulois
sont dans la ville. (Supplément a la Revue archéologique du Centre de la France 35). Tours:
Fédération pour I’édition de la Revue archéologique du Centre de la France, pp. 19-38.

Brunaux, J.-L. & Méniel, P. 1983. L'importa- tion du beeuf a la période romaine: premiéres données.
Les fouilles de Gournay- sur-Aronde. Revue Archéologique de Picardie, 4: 15-20.



Buchsenschutz, O. 2004. Les Celtes et la for- mation de I'empire romain. Annales. Histoire, Sciences
sociales, 59: 337-61.

Buchsenschutz, O. 2007. Les Celtes. Paris: Armand Colin.

Buchsenschutz, O. ed. 2015. L’Europe celtique a I’age du Fer Vllle: ler siecles. Paris: Presses
Universitaires de France.

Buchsenschutz, O., Colin, A., Firmin, G., Fischer, B., Guillaumet, J.-P., Krausz, S., Levéry, M., Marinval,
P., Orellana, L. & Pierret, A. 2000. Le village celtique des Arénes a Levroux: synthéses (Supplément a
la Revue Archéologique du Centre de la France 19). Tours: Fédération pour I'édition de la Revue
archéologique du Centre de la France.

Duval, C. 2015. Evolution et diversité de la forme du cochon entre la fin de I’age du Fer et la période
moderne en Gaule et en France. Régionalisme, acquisitions zoo- techniques et implications
historiques (unpublished PhD dissertation, Université Frangois Rabelais de Tours).

Duval, C., Frémondeau, D., Lepetz, S. & Horard-Herbin, M.-P. 2016. L’élevage du porc: un savoir-faire
gaulois? Apport croisé des études isotopique et ostéométrique des os de cochon. In: F. Malrain & G.
Blancquaert, eds. Evolution des sociétés gau- loises du Second age du Fer, entre mutations internes
et influences externes (Revue Archéologique de Picardie, n° spécial 30). Senlis: Société des antiquités
historiques de Picardie, pp. 583-96.

Duval, C., Horard-Herbin, M.-P. & Lepetz, S.2013. Morphological Changes in Domestic Cattle in
Gaul, from the Second Century BC to the Fifth Century AD: Diversity of Herds in the Seine Valley
(France) and Northern Gaul. Journal of Archaeological Science, 40: 3977-90.

Duval, C., Lepetz, S. & Horard-Herbin, M.-P. 2012. Diversité des cheptels et diversification
des morphotypes bovins dans le tiers nord-ouest des Gaules entre la fin de I’dge du Fer et la
période romaine. Gallia, 69: 79-114.

Ervynck, A., Lentacker, A., Mildner, G., Richards, M.P. & Dobney, K. 2007. An Investigation into the
Transition from Forest Dwelling Pigs to Farm Animals in Medieval Flanders, Belgium. In: U. Albarella,
K. Dobney, A. Ervynck & P. Rowley-Conwy, eds. Pigs and Humans: 10,000 Years of Interaction.
Oxford: Oxford University Press, pp. 170-93.

Flad, R.K. & Hruby, Z.X. 2005. ‘Specialized’ Production in Archaeological Contexts: Rethinking
Specialization, the Social Value of Products, and the Practice of Production. Archaeological Papers of
the American Anthropological Association, 17: 1-19.

Forest, V. 2008. Equidés de La Téne finale et de la période romaine en Gaule: approche
ostéométrique. In: J.-L. Blanchard & L. Izac-Imberd, eds. L'exploitation agricole dans son
environnement a la fin de I’age du Fer. Toulouse: Archives d’Ecologie Préhistorique, pp. 61-71.

Forest, V. & Rodet-Belarbi, I. 1997. Augmen- tation du format des bovins en Gaule romaine:
problémes méthodologiques et innovation technique. In: D. Meeks & D. Garcia, eds. Techniques et
économie antiques et médiévales. Le temps de I'innovation. Paris: Errance, pp. 166—71.

Forest, V. & Rodet-Belarbi, I. 2002. A propos de la corpulence des bovins en France durant les
périodes historiques. Gallia, 59: 273-306.

Frémondeau, D. 2012. Rythmes saisonniers des élevages porcins archéologiques: pro- positions
pour un protocole d’analyse iso- topique (unpublished PhD dissertation, Muséum national d’Histoire
naturelle, Paris).



Frémondeau, D., Cucchi, T., Casabianca, F., Ughetto-Monfrin, J., Horard-Herbin, M.-

P. & Balasse, M. 2012. Seasonality of Birth and Diet of Pigs from Stable Isotope Analyses of Tooth
Enamel (6180, 613C): A Modern Reference Data Set from Corsica, France. Journal of Archaeological
Science, 39: 2023-35.

Frémondeau, D., Horard-Herbin, M.-P., Ughetto-Monfrin, J. & Balasse, M. 2013. L’alimentation des
troupeaux porcins et la production de viande a Levroux Les Arenes (Indre): une analyse isotopique.
In: A. Colin & F. Verdin, eds. L’age du Fer en Aquitaine et sur ses marges. Mobilité des hommes,
diffu- sion des idées, circulation des biens dans I'espace européen a I’dge du Fer. Bordeaux:
Fédération Aquitania, pp. 747-52.

Frémondeau, D., Horard-Herbin, M.-P., Buchsenschutz, O., Ughetto-Monfrin, J. & Balasse, M. 2015.
Standardized Pork Production at Levroux Les Arénes (France, 2nd c. BC): Evidence from Kill- off
Patterns and Birth Seasonality Inferred from Enamel 6180 Analysis. Journal of Archaeological
Sciences: Reports, 2: 215-26.

Goudineau, C., Guichard, V. & Kaenel, G. 2010. Celtes et Gaulois, I'archéologie face a I'histoire, 6.
Collogue de synthése (Paris, Collége de France, 3—7 juillet 2006) (Bibracte 12/6). Glux-en-Glenne:
Centre archéologique européen.

Hammond, C. & O’Connor, T. 2013. Pig Diet in Medieval York: Carbon and Nitrogen Stable
Isotopes. Archaeological and Anthropological Sciences, 5: 123-27.

Haselgrove, C. 2006. Celtes et Gaulois, I'archéologie face a I’histoire, 4 : les mutations de la fin de
I’dge du Fer (Actes de la table ronde de Cambridge, juillet 2005) (Bibracte 12/4). Glux-en-Glenne:
Centre archéolo- gique européen.

Horard-Herbin, M.-P. 1997. Le village celtique des Arénes a Levroux. L’élevage et les pro-
ductions animales dans I’économie de la fin du second age du Fer (Levroux 4, Supplément a la Revue
archéologique du Centre de la France, 12). Tours: Fédération pour I'édition de la Revue
archéologique du Centre de la France.

Keay, S. & Terrenato, N. 2001. Italy and the West: Comparative Issues in Romanization. Oxford:
Oxbow Books.

Lepetz, S. 1995. L'amélioration des races a I'époque gallo-romaine: I'exemple du beeuf. In: E.
Baratay, ed. Homme et Animal dans I’Antiquité. Tours: Presses Universitaires de Tours, pp. 67-79.

Lepetz, S. 1996. L'animal dans la société gallo- romaine de la France du Nord (Supplément a la
Revue Archéologique de Picardie 12). Senlis: Société des antiquités historiques de Picardie.

Lepetz, S. & Matterne, V. 2003. Elevage et agriculture dans le Nord de la Gaule durant I’époque
gallo-romaine: une confrontation des données archéologiques et carpologiques. Revue
Archéologique de Picardie, 1(2): 23-35.

Le Roux, P. 2004, La romanisation en ques- tion. Annales. Histoire, Sciences Sociales, 59: 287-311.

Mackinnon, M. 2010. Cattle ‘Breed’ Variation and Improvement in Roman Italy: Connecting the
Zooarchaeological and Ancient Textual Evidence. World Archaeology, 42: 55-73.

Malrain, F. & Blancquaert, G. eds. 2016. Evolution des sociétés gauloises du Second age du Fer,
entre mutations internes et influences externes (Revue Archéologique de Picardie, n° spécial 30).
Senlis: Société des antiquités historiques de Picardie.



Meadow, R.H. 1999. The Use of Size Index Scaling Techniques for Research on Archaeozoological
Collections from the Middle East. In: C. Becker, H. Manhart, J. Peters & J. Schibler, eds. Historia
Animalium ex Ossibus. Beitrage zur Paldoanatomie, Archiologie, Agyptologie, Ethnologie und
Geschichte der Tiermedizin. Rahden/ Westfalen: Marie Leidorf, pp. 285-300.

Méniel, P. 1996. Importation de grands animaux romains et amélioration du cheptel a la fin de I'age
du Fer en Gaule Belgique. Revue Archéologique de Picardie, 3: 113-22.

Nuviala, P. 2014. La méthode des contours sur les dents de boeufs: perspectives de recherche pour
I’étude des variations mor- phologiques. In: A. Gardeisen & C. Chandezon, eds. Equidés et bovidés de
la Méditerranée antique, Actes du colloque « Equidés et bovidés de la Méditerranée antique» 26—28
avril 2012. Arles: Publication de 'UMR 5140 du CNRS, pp. 285-94.

Nuviala, P. 2015. La révolution zootechnique romaine et la diffusion des grands boeufs et des grands
chevaux dans I'est de la Gaule (unpublished PhD dissertation, Université de Bourgogne, Dijon).

Nuviala, P. 2016. La production des « grands beceufs » dans I'est de la Gaule: entre évolutions
gauloises et influences romaines. In: F. Malrain & G. Blancquaert, eds. Evolution des sociétés
gauloises du Second age du Fer, entre mutations internes et influences externes (Revue
Archéologique de Picardie, n® spécial 30). Senlis: Société des antiquités historiques de Picardie, pp.
597-609.

Ouzoulias, P. & Tranoy, L. eds. 2010. Comment les Gaules devinrent romaines. Paris: La Découverte.

Paunier, D. 2006. Celtes et Gaulois, I'archéologie face a I'histoire, 5 : la romanisation et la question
de I'héritage celtique (Actes de la table ronde de Lausanne, juin 2005) (Bibracte 12/5). Glux-en-
Glenne: Centre archéologique européen.

Reddé, M., Barral, P. & Favory, F. eds. 2011. Aspects de la romanisation dans I'Est de la Gaule. Glux-
en-Glenne: Bibracte, Centre archéologique européen.

Rieckhoff, S. 2006. Celtes et Gaulois, I'archéologie face a I'histoire, 1 : Celtes et Gaulois dans
I'Histoire, I’historiographie et I'idéologie moderne (Actes de la table ronde de Leipzig, juin 2005)
(Bibracte 12/1). Glux- en-Glenne: Centre archéologique européen.

Schlumbaum, A., Stopp, B., Breuer, G., Rehazek, A,, Blatter, R., Turgay, M. & Schibler, J. 2003.
Combining Archaeo- zoology and Molecular Genetics: The Reason behind the Changes in Cattle Size
between 150 BC and 700 AD in Northern Switzerland. Antiquity Project Gallery Issue 298, December
2003. Available online at: http://antiquity.ac.uk/projgall/ schlumbaum?298/ [accessed 15 August
2016].

Schlumbaum, A., Turgay, M. & Schibler, J. 2006. Near East mtDNA Haplotype Variants in Roman
Cattle from Augusta Raurica, Switzerland, and in the Swiss Evoléne breed. Animal Genetics, 37: 373—
75.

Simpson, G.G. 1941. Explanation of Ratio Diagrams: Large Pleistocene Felines of North America.
American Museum Novitates, 1136: 23-25.

Szabd, M. 2006. Celtes et Gaulois, I'archéologie face a I'histoire, 3 : les Civilisés et les Barbares (du Ve
au lle siécle avant J.-C.) (Actes de la table ronde de Budapest, juin 2005) (Bibracte 12/3). Glux-en-
Glenne: Centre archéologique européen.



Vitali, D. 2006. Celtes et Gaulois, I'archéologie face a I'histoire, 2 : la préhistoire des Celtes (Actes de
la table ronde de Bologne- Monterenzio, mai 2005) (Bibracte 12/2). Glux-en-Glenne: Centre
archéologique européen.

von den Driesch, A. 1976. A Guide to Measurement of Animal Bones from Archaeological Sites
(Peabody Museum Bulletin 1). Cambridge (MA): Peabody Museum of Archaeology and Ethnology.

Woolf, G. 2000. Becoming Roman: The Origins of Provincial Civilization in Gaul. Cambridge:
Cambridge University Press.

Woolf, G. 2001. The Roman Cultural Revolution in Gaul. In: S.J. Keay & N. Terrenato, eds. Italy and
the West: Comparative Issues in Romanization. Oxford: Oxbow Books, pp. 173-86.

SUPPLEMENTARY MATERIAL

List of sites included in the study.
Results from the statistical tests carried out on pig LSI data grouped by century.

Results from the statistical tests carried out on cattle LSI data grouped by century. Isotopic results
from the sequential sam- pling of LEV Sus 15 canine.

To view supplementary material for this article, please visit https://doi.org/10.1017/ eaa.2016.10.

BIOGRAPHICAL NOTES

Delphine Frémondeau is a post-doctoral researcher at the Center for Archaeological Sciences (CAS,
KU Leuven, Belgium), specialist in the stable isotope analysis of faunal remains. Her PhD, completed
in 2012 at the Muséum national d’Histoire naturelle in Paris, aimed at establishing a protocol of
stable isotope analysis for the study of the seasonal rhythms of pig hus- bandry in the past. Her main
research interests are husbandry practices, land use, and food supply in urbanized societies.

Address: CAS, Geo Instituut, KU Leuven, Celestijnenlaan 200E, bus 2408, 3001 Leuven, Belgium.
[email: delphine.fre- mondeau@kuleuven.be]

Pauline Nuviala is a zooarchaeologist, affiliated to the ArTeHis laboratory (UMR 6298, Dijon). Her
main area of interest is the husbandry techniques from the Gallic period to the Roman period
onwards, a research topic that she has been working on since her PhD, com- pleted in 2015 at the
University of Bourgogne. Favouring an interdisciplinary approach, she is notably using morpho-
metrics and isotopic analysis.



Address: CNRS, UMR 6298 ArTeHiS, Université de Bourgogne, 6 bld Gabriel, 21000 Dijon, France.
[email: p.nuviala@ gmail.com]

Colin Duval is a French zooarchaeologist, working at the Université Francois Rabelais (Tours) and the
Muséum national d’Histoire naturelle (Paris). His PhD, completed in 2015, examines the economic
and agro-pastoral changes that occurred in Gaul between the Iron Age and the Roman period. This
research mainly focuses on the evolution of pig and cattle morphology in western Europe (using
both osteometry and geometric morphometrics).

Address: UMR 7324, Laboratoire Archéologie et Territoires, Université Francois-Rabelais, MSH Villes
et Territoires, USR 3501 - BP 60449, 33 allée Ferdinand de Lesseps, 37204, Tours, Cedex 03, France.
[email: duval.colin@ gmail.com]

Le porc et le boeuf en Gaule : le role des sociétés gauloises dans I'évolution des pratiques d’élevage

Pour mieux comprendre les changements dans les pratiques d’élevage survenus entre I’age du Fer et
la période romaine en Gaule, cet article présente I’étude combinée de I'évolution morphologique
des porcs et des beeufs et de la gestion démographique des porcs du site de Levroux Les Arénes
(Indre, France). Les résultats indiquent la mise en place, sans doute avant le deuxieme siécle av. J.-C.,
de nouveaux systemes de production et de distribution, et I'existence d’une sélection des porcs
abattus a Levroux Les Arenes en fonction d’un format - ou d’un poids — pour une production
spécialisée de viande. En Gaule, la taille des porcs et des boeufs évolue progressivement a partir de
la fin du troisieme siécle av. J.-C. Ces change- ments résultent vraisemblablement d’une évolution
interne aux sociétés gauloises, basée sur des cheptels locaux, mais potentiellement en réponse a des
changements économiques plus globaux. Au sein de I'Empire Romain d’Occident, chaque province,
ainsi que I'ltalie elle-méme, semble suivre son propre schéma évolutif, qui en outre différe entre
porcs et bovins, ce qui suggere que chaque région a pu adapter ses stratégies d’élevage en accord
avec ses propres caractéristiques agro-pastorales, ses capacités ou ses ambitions.

Mots-clés: beeuf, porc, morphométrie, analyse des isotopes stables, 4ge du Fer, époque romaine,
élevage, Gaule

Schwein und Rind in Gallien: die Rolle der gallischen Gemeinschaften in der Entwicklung der
Tierhaltung

In diesem Artikel wird eine vergleichende Untersuchung der Morphologie von Schweinen und Rinder
vorgelegt sowie eine Analyse stabiler Isotopen, die die Flihrung des Schweinebestands in Levroux Les



Arénes (Indre, Frankreich) betrifft, um die Veranderungen in den Tierhaltungspraktiken zwischen der
Eisenzeit und der Romerzeit in der gallischen Gesellschaft auszuwerten. Unsere Ergebnisse zeigen,
dass neue Produktionsstrukturen und Vertriebssysteme wahrscheinlich vor dem 2. Jahrhundert v.
Chr. eingefiihrt wurden, und dass bestimmte GroRen/Gewichte in der spezialisierten Erzeugung von
Schweinefleisch ausgesucht wurden. Die Statur der Schweine und Rinder nimmt zunehmend vom
spaten 3. Jahrhundert an. Diese Veranderungen sind wahrscheinlich auf eine Entwicklung innerhalb
der gallischen Gesellschaft zuriickzuflihren, die sich auf einheimische Herden stiitzte. Vielleicht
waren sie aber auch eine Reaktion zu Umwandlungen im weiteren wirtschaftlichen Umfeld. Im
westlichen Romerreich folgt jede Provinz, und auch Italien, ihren eigenen Entwicklungsprozess, der
sich flr Schweine und Rinder unterschiedlich entfaltet; dies deutet darauf hin, dass jedes Gebiet
seine Tierhaltungsstrategie je nach seinen agropastoralen Eigenschaften, Leistungsfahigkeiten und
Ziele ange- passt hatte. Translation by Madeleine Hummler

Stichworte: Rind, Schwein, Morphometrie, Analyse stabiler Isotopen, Eisenzeit, Romerzeit,
Tierhaltung, Gallien



