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Evidence for domestication of the rabbit, Oryctolagus cuniculus (L.), at the end of the 3rd century BC at Pech Maho

A multivariate analysis of six measurements on the pelvis of the rabbits from the most recent levels at the site of Pech Maho revealed that there were morphological differences from modern wild rabbits as well as a larger size. The conclusion is that rabbits were already being deliberately bred at the end of the 3rd century BC. Since similar rabbits have already been found from the 4th century BC at Lattara, it is suggested that the two sites may represent a general phenomenon and that domesticated rabbits may have been widespread in the northwestern Mediterranean at that time.

The site of Pech Maho (Sigean, Aude) (Figure 1) is an oppidum that was occupied from the mid6th century BC onwards and destroyed abruptly just before the end of the 3rd century BC (Gailledrat & Beylier, 2009;Anwar et al., 2009;Gailledrat et al., 2011a;[START_REF] Gailledrat | Pech Maho[END_REF]Gailledrat et al., 2011c;[START_REF] Gailledrat | Pech Maho, comptoir lagunaire de l'Âge du fer (VIe-IIIe siècle avant notre ère)[END_REF].

The excavation of the destruction level produced a number of pelvis bones of rabbits. Some are similar in size to those of modern wild rabbits, but others are too large to have been from local wild rabbits. In fact, they closely resemble in size and shape the bones recovered from the 4th century BC at Lattara [START_REF] Watson | Domestication of the rabbit, Oryctolagus cuniculus (L.), at Lattara[END_REF] and those from the 4th century AD site of Ambrussum [START_REF] Watson | Confirmation of rabbit domestication in the 4th century AD at Ambrussum: evidence of morphological change in the pelvis[END_REF]. The bones from Pech Maho are very unlikely to be more recent than 200 BC since there are only minimal signs of later occupation of the site.

The material from Ambrussum and Lattara had six measurements taken on each intact coxal bone (os coxae) of the pelvis and a principal components and discriminant function analysis similar to that made by [START_REF] Watson | Shape differences in the pelvis of the rabbit, Oryctolagus cuniculus (L.), and their genetic associations[END_REF] on modern wild rabbits from France and the Iberian Peninsula was applied to them. The same procedure has been followed for the material from Pech Maho. (See Appendix and Figures 2 and3.)

Figure 4 shows the results of the analysis. As at Lattara and Ambrussum, there are a number of specimens that fall well outside the range of the modern wild rabbits. Unfortunately several of the specimens from Pech Maho were damaged in a way that slightly affected some of the measurements. Estimates were therefore made of the maximum and minimum possible values for those measurements and the first principal component and discriminant score calculated for each. The resulting values are shown in Figure 4 as triangles connected by a straight line. In addition, the largest undamaged specimen (772551) came from cleaning before the start of the excavation and is therefore given a different symbol, even though it is unlikely to be from a later date given that there was no subsequent occupation and that the area that was being cleaned had been previously excavated.

It can be seen that in spite of the uncertainty two of the damaged specimens must clearly belong to the group of rabbits with an unusually large pelvis. The other specimens fall into the group for which the size and shape of the coxal bone is indistinguishable from that of modern wild rabbits.

Thus there are 7 specimens that fall within the range of the mass of modern wild rabbits and at least 6 specimens that fall outside it. The latter also plot out further to the left and have a more "Iberian" shape in the terminology of [START_REF] Watson | Shape differences in the pelvis of the rabbit, Oryctolagus cuniculus (L.), and their genetic associations[END_REF]. In fact, as Figure 5 shows, they are very similar to the "Large" group of rabbit pelves from Ambrussum in that respect.

Where the larger rabbits from Pech Maho and Lattara differ from those from Ambrussum is in the robustness of the ischial shaft. As Figure 6 shows, most of the Ambrussum specimens have a thick ischial shaft, but all except one of the specimens from Pech Maho have a slender ischial shaft similar that that of wild rabbits. In that specimen both I and H are very large rather than I being larger relative to H as in most of the Ambrussum specimens.

When the Lattara specimens are added to Figure 4 and all the wild specimens removed except those from Tour du Valat, as has been done in Figure 7, it can be seen that 3 out of the 5 larger specimens from Lattara plot out quite far to the right, above the mass of the Tour du Valat specimens. At first sight the distributions of the Pech Maho and Lattara specimens seem rather different. However, Figure 8 shows that if the damaged specimens from Lattara are included, in the same way as was done for Pech Maho, they all fall towards the left, so that the overall difference is not so great. Nevertheless, Lattara is still considerably less "Iberian" than Pech Maho. A possible explanation for the unusually large pelves would be that the rabbits had been brought from a region that was much colder in winter, since rabbits conform to Bergmann's rule, which states that mammals from colder environments tend to be larger in order to conserve body heat (Davis & MorenoGarcía, 2007, 5459). However, the size difference found would imply a very much colder environment, since the largest wild rabbits shown are from near Paris, which is already a great deal colder in winter than the Mediterranean coast. It is therefore difficult to escape the conclusion that the rabbits were being kept in captivity and that they are the result of a selection, deliberate or not, for larger size.

After the destruction of Pech Maho, some kind of ritual activities were carried out on the site, presumably by the survivors of the defeated inhabitants, and many equids were brought there and butchered (Gailledrat & Gardeisen, 2010), but there is no sign that the rabbits might also have been brought for such purposes. An analysis of the contexts in which the large rabbit specimens were found shows that three of the specimens predated the equids, while the other three were contemporary with or later than them.

Thus it would appear that the rabbits were being kept by the inhabitants of Pech Maho prior to the destruction. The question is whether the rabbits were a regular feature of life at Pech Maho or whether they just happened to be there at that particular moment. Pech Maho was an emporion, a trading station with warehouses, rather than an ordinary town or village, and in those days it would have been on the edge of a bay of the Mediterranean rather than inland near a lagoon as it is now. Trade with faroff places would have been easy and the rabbits could quite possibly have been brought from a considerable distance away to be sold or exchanged for something else. The pottery and other finds show particularly strong links with two Greek colonies just to the south of the Pyrenees, Rhodos and Emporion, as well as trade with Massalia (see Figure 1). Indeed, the rabbits could even have come directly from Lattara, which at this point in time was strongly under the influence of Massalia (Py & Garcia, 1996, 85).

The most likely explanation for the origin of the rabbits from Pech Maho, if they were not bred by the inhabitants themselves, is that they were bred by other Iberians, in the broad sense of the word, that is to say including those tribes to the north of the Pyrenees and eastwards towards the Rhône that had a similar language and culture to the Iberians in the Peninsula and have sometimes been called IberoLanguedocian. The rabbits from the 4th century BC at Lattara, with their less "Iberian" shape, suggest an origin in Languedoc rather than south of the Pyrenees, but the ones from Pech Maho suggest an ancestry, at least in part, from the other side of the Pyrenees.

The fact that the first two indigenous sites looked at both show evidence of rabbit domestication suggests that it could already have been a widespread phenomenon in preRoman times. The intense trading activity between the various Greek colonies in the northwestern Mediterranean and between the colonies and the local tribes in their hinterland means that rabbits from excavations anywhere on the coast could well be found to show signs of morphological change and an increase in size. The possible area of origin of the rabbits is restricted by the fact that the large specimens with a very "Iberian" shape presumably belong to the Blineage, since the Alineage does not normally show such an extreme shape (see [START_REF] Watson | Shape differences in the pelvis of the rabbit, Oryctolagus cuniculus (L.), and their genetic associations[END_REF]. This means that the area of origin could be anywhere on the coast of the Iberian Peninsula from Murcia northwards to the Pyrenees, although it could also be in the Balearic islands, from which only Blineage rabbits have been recorded so far [START_REF] Seixas | Colonization history of Majorca Island by the European rabbit, Oryctolagus cuniculus, and the Iberian hare, Lepus granatensis (Lagomorpha: Leporidae)[END_REF]. The measurements used as the basis for the principal components were the measurements for the modern specimens from Roissy, Versailles, Tour du Valat, Peralta and Tudela and the ancient specimens from Cova Matutano, as given in [START_REF] Watson | Shape differences in the pelvis of the rabbit, Oryctolagus cuniculus (L.), and their genetic associations[END_REF]. The discriminant function uses the specimens from Roissy as one group and those from Matutano A as the other group.

Definitions of the measurements taken:

Figures 2 and 3 show the approximate positions in which the measurements are taken, other than the absolute minima E and I. All the measurements are taken with a vernier gauge with "knife edge" blades (i.e. they should have reasonably narrow edges, although that is only really important for F1).

The formal definitions are as follows:

H = minimax diameter of the ischial shaft, between the acetabulum and the spina ischiadica.

I = absolute minimum diameter of the ischial shaft (usually in the same place as H, but sometimes much more caudal).

J = minimum height of the lateral side of the acetabulum, i.e. the minimax. This is only just possible in lagomorphs, one of the blades of the vernier gauge lying almost flat against the back of the acetabulum (i.e. the medial side). It also needs a certain delicacy of touch because the edge of the acetabulum is easily damaged. In addition the acetabulum needs to be fully fused. E = absolute minimum diameter of the shaft of the ilium. This is very oblique in rabbits, at about 45 degrees to the axis of the ilium. It should not enter the area of fusion with the sacrum (which it very occasionally tends to do). F = minimax diameter of the shaft of the ilium, usually the absolute minimax. However, in some cases, when the spina iliaca dorsalis caudalis extends a long way caudally, F is only a local minimax and the absolute minimax is further round, more or less parallel to F1. Sometimes it is difficult to take because the depression on the ventral side of the spina iliaca ventralis caudalis is very shallow and the bone then has to be placed right between the tips of the blades of the vernier gauge in order to find the minimax. F1 = minimax diameter of the shaft of the ilium with one blade of the vernier gauge placed between the edge of the acetabulum and the spina iliaca ventralis caudalis. One needs to be careful to avoid damaging the spina.

For detailed drawings and nomenclature see Barone et al. (1973, 24).
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 1 Figure 1. Map showing the location of the site of Pech Maho and the Greek colonies of Rhodos, Emporion and Massalia.
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 2 Figure 2. Drawing showing the approximate positions in which measurements H, J and F1 are taken. (N.B. H, J and F1 are not necessarily in parallel planes; they just happen to have that property in the specimen illustrated.)
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 4 Figure 4. The individual values for the first principal component plotted against the individual discriminant scores for the Pech Maho specimens and for modern wild rabbits from Roissy, Versailles, Tour du Valat, Peralta and Tudela, i.e. those belonging to the subspecies Oryctolagus cuniculus cuniculus (see Watson & Davis, 2019). The modern wild rabbits are indicated by small grey dots. The intact specimens from layers dating to the end of the 3rd century BC at Pech Maho are shown by black squares, while the damaged specimens are shown by a line joining two triangles that mark the maximum and minimum estimates. The open diamond is the specimen from Pech Maho recovered during cleaning prior to excavation.

Figure 5 .

 5 Figure 5. The modern wild specimens and the specimens from Pech Maho, as in Figure 4, but with the addition of the 4th century AD specimens from Ambrussum for comparison. The "Large" Ambrussum specimens are indicated by black open circles and the "Small" Ambrussum specimens by grey open circles.
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 6 Figure 6. Measurement "I" plotted against measurement "H" for the modern wild specimens (small grey dots), the "Large" Ambrussum specimens (black filled circles and black open circles), the 4th century BC specimens from Lattara (black diamonds) and the specimens from Pech Maho (open squares for the stratified ones from the end of the 3rd century BC and an open diamond for the one found during cleaning).
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 7 Figure 7. The individual values for the first principal component plotted against the individual discriminant scores for the modern wild rabbits from Tour du Valat only, shown as grey dots, together with the damaged and undamaged specimens from Pech Maho and the undamaged 4th century BC specimens from Lattara. This time the intact Pech Maho specimens are shown as open squares and the damaged ones as lines joining open triangles, while the Lattara specimens are shown by black diamonds.

Figure 8 .

 8 Figure 8. The individual values for the first principal component plotted against the individual discriminant scores for the modern wild rabbits from Tour du Valat only, shown as grey dots, together with the damaged and undamaged specimens from both Pech Maho and the 4th century BC at Lattara. This time the intact Pech Maho specimens are shown as open squares and the damaged ones as lines joining open triangles, while the intact Lattara specimens are shown by black diamonds and the damaged ones as lines joining closed triangles. One of the Lattara specimens has two measurements damaged and is therefore indicated by a quadrilateral connecting four triangles.