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Domestication of the rabbit, Oryctolagus cuniculus (L.), at Lattara

A multivariate analysis of six measurements on the pelvis of rabbits from various contexts at the site of Lattara showed that there were morphological differences from modern wild rabbits as well as an increase in size. The conclusion is that rabbits were already being deliberately bred in the 4 th century BC and probably in the 1st century AD as well.

The site of Lattara (Lattes, Hérault) is a city on the Mediterranean coast originally founded at the end of the 6th century BC that became an important tradingpost during the 4th and 3rd centuries BC [START_REF] Py | Bilan des recherches archéologiques sur la ville portuaire de Lattara (Lattes, Hérault)[END_REF]. Subsequently, under the Roman empire, from the early 2nd century BC onwards, it became a major port [START_REF] Garcia | Le port de Lattara (Lattes, Hérault): premiers acquis sur les phases préromaines et romaines[END_REF].

During the excavation of two wells (PT 471 and PT 129011) dated to the 1st century AD, a large number of rabbit bones were found [START_REF] Buxó | Structure et stratigraphie des puits de Lattes (fouilles 19862000)[END_REF][START_REF] Gardeisen | À propos de la présence de lapins en contexte gallo romain à Lattara (Lattes, Hérault, France)[END_REF]. Various additional specimens were found from other contexts, including another well (PT 290), which was dated to the 2nd century AD.

Because of the context in which they were found, the representation of the different skeletal elements, the agestructure and the lack of butcherymarks it was deduced that the rabbits from the wells must have been kept in captivity or even domesticated, but no osteological evidence of domestication could be detected, the size of the bones being within the range of modern wild rabbits (Gardeisen & Valenzuela Lamas, 2004, 251). However, while it is true that the size of the rabbits falls within the range of modern wild rabbits in general, their large size is not compatible with the mild winters at Lattara, there being a close relationship between body size and mean January temperature, in accordance with Bergmann's rule, as Davis has shown (Davis & Moreno García 2007), so that the wild rabbits from the surrounding area are smaller at the present day and would also have been smaller then.

Excavations at the site of Ambrussum (Figure 1) and the nearby site of Lunel Viel, dated to the 4th century AD, produced pelvis bones of rabbits that were also too large to be from local wild rabbits, and by means of a multivariate analysis a difference in shape could be demonstrated as well [START_REF] Watson | Confirmation of rabbit domestication in the 4th century AD at Ambrussum: evidence of morphological change in the pelvis[END_REF]. The material from the two sites 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 rabbits from France and the Iberian Peninsula was then applied to them (see Figures 2 &3 and Appendix 1 for the definitions of the measurements). The same procedure has been followed for the material from Lattara.

In Figures 4 to 10 and Figures 15 to 17 the vertical axis is the first principal component and represents the overall size of the bone. The horizontal axis is the discriminant score, based on the remaining principal components, and represents differences in shape that are essentially independent of size. The modern wild specimens that have a high positive score and fall on the righthand side of the figures are all from the three French localities, Roissy, Versailles and Tour du Valat, while those that have the highest negative scores and fall on the lefthand side of the figures are from the locality of Tudela in Navarre. Specimens falling on the righthand side of the figures will therefore be referred to as having a "French" shape and those falling on the lefthand side as having an "Iberian" shape.

Figure 4 shows the results of the analysis for the earliest rabbits from the site, dated to the 4th century BC and possibly in two cases to the very end of the 5th century BC. These specimens are not from wells but from various contexts around the site. It can be seen that three of the six specimens are outside the range of the modern wild specimens (if an extreme outlier from Roissy in northern France is excluded) and two are on the very edge. However, if the relationship between size and the winter temperature is taken into account it would seem that all five specimens are too large to be likely to be from local wild rabbits.

Figure 5 shows the single specimen dated to the 2nd century BC. Once again, it falls outside the range of the modern wild specimens. Not much weight can be given to a single specimen, but it is interesting that it continues the pattern shown by the 4th century BC specimens.

Figure 6 shows the specimens from the 1st century AD, which are from the two wells of that date, PT471 and PT129011, studied by Valenzuela and Gardeisen [START_REF] Gardeisen | À propos de la présence de lapins en contexte gallo romain à Lattara (Lattes, Hérault, France)[END_REF][START_REF] Valenzuela Lamas | L'environnement animal urbain à l'époque gallo romaine: le témoignage de tres puits de Lattes (PT129011, PT471 et PT 290)[END_REF]. The pattern is very different from that for the 4th century BC specimens. Nearly all the bones fall within the range of the mass of modern wild rabbits and only three specimens fall outside it. In addition, the shape is markedly more "Iberian" when compared to that of the 4th century BC rabbits.

Figure 7 shows the two specimens from the 2nd century AD. They are a left and a right coxal from the same animal and come from a layer deep down in the remaining well, PT290 (Gardeisen & Valenzuela Lamas, 2004, 237239). Although once again it would be unwise to give much weight to a single specimen, this pelvis is interesting because its shape is very "Iberian" and fits well with the more "Iberian" specimens in the "Large" group from Ambrussum, as Figure 8 shows. It also resembles the "Large" Ambrussum group in the width of the ischial shaft, which is 3.9 mm for the left coxal and 4.0 mm for the right one (Figure 14). Only one other specimen has an ischial shaft wider than 3.8 mm and it is from a relatively late date, being from one of the 1st century AD wells (Figure 13).

Figure 9 shows that most of the larger 1st century AD specimens from Lattara also have the same shape as the "Large" specimens from Ambrussum, although most of them are considerably smaller.

Figure 10 shows that, in contrast, the 4th century BC specimens from Lattara are very different in shape from the "Large" Ambrussum ones, only one of the six Lattara specimens overlapping with them. If they were random samples from the same population, a difference of this magnitude would be expected to be found less than 2% of the time, according to the MannWhitney test (U=3; P < 0.02, twotailed).

Figures 11 to 14 show plots of the breadth of the ischium against its height for the material from the various periods at Lattara compared with the "Large" Ambrussum specimens. It can be seen that in general the "Large" Ambrussum specimens stand out from everything else. The other samples mostly fall within the range of the modern wild rabbits. However, there is a certain tendency for the 4th century BC rabbits from Lattara to have a proportionally larger height for the ischium than the modern wild rabbits do (Figure 11). In contrast, the pair of 2nd century AD specimens from the well PT290 at Lattara show the thicker ischium that is so characteristic of the "Large" Ambrussum specimens (Figure 14) and indeed one of the 1st century AD specimens already tends in that direction with a value of 3.9 for the minimum thickness of the ischium (Figure 13).

Figure 15 shows the individual values for the first principal component plotted against the individual discriminant scores for the 1st century AD, as in Figure 6, but this time with the modern wild specimens from Tour du Valat alone, which are not only the most "French" in shape, but also the smallest and geographically closest, Tour du Valat being in fact only about 60 kilometres from Lattara, on the east side of the Rhône delta. It can be seen that the difference in mean shape is quite marked and that the majority of the 1st century AD specimens (27 out of 37) are outside the cluster from Tour du Valat.

Figure 16 adds the 4th century BC specimens to Figure 15, so that the difference in shape between the 1st century AD specimens and the 4th century BC specimens can be compared directly. Four out of the six 4th century BC specimens fit well with the Tour du Valat specimens in shape, while the other two are close to the larger 1st century AD specimens. These two also happen to be potentially the earliest specimens, with an estimated date range that extends into the 5th century BC. If the 1st century AD specimens and the 4th century BC specimens were random samples from the same population, a difference of this magnitude would be expected to be found less than 4% of the time, according to the MannWhitney test (U=50; P = 0.032, twotailed).

However, Figure 17 illustrates the danger of reading too much into very small samples. There were also some damaged 4th century BC specimens and these have now been added to Figure 16. Maximum and minimum estimates of the damaged measurements were made and the principal components and discriminant scores calculated for them so as to be able to show the limits within which the specimens would fall. The specimens are shown by a line joining the two limits. In one case, two of the measurements were damaged and so four estimates of the most extreme possible values of the variables have had to be shown, joined by lines that form a quadrilateral. This specimen turns out to be the biggest of all by a considerable margin and demonstrates the usefulness of including damaged material in this way.

Figure 17 shows that when the damaged specimens are included the mean shape of the 4th century BC specimens is shifted to the left, closer to the mass of larger 1st century AD specimens. If all the lowest estimates of the scores are used, a difference of that magnitude would be expected to be found still only about 8% of the time, according to the MannWhitney test (U=117; P = 0.077, two tailed), but if higher estimates are used the difference in shape observed becomes much more likely to be due merely to chance. Much depends, therefore, on how severe the damage really was. Nevertheless, it still seems likely that the 4th century BC rabbits had a rather more "French" shape than the 1st century AD ones.

Thus, looking at the evolution of pelvis size and shape over time, one can see certain patterns. The earliest large rabbits, from the 4th century BC at Lattara, have a somewhat more "French" shape overall than the 1st century AD specimens from Lattara, as well as being generally larger. The 2nd century BC specimen from Lattara, for what it is worth, also has a rather "French" shape and fits in well with the 4th century BC specimens.

However, the 1st century AD specimens from Lattara mostly fall within the range of the modern wild rabbits, although half of them are rather large for the Mediterranean coastal climate they lived in, as the comparison with the modern wild rabbits from Tour du Valat in Figure 15 has shown (see also [START_REF] Watson | Shape differences in the pelvis of the rabbit, Oryctolagus cuniculus (L.), and their genetic associations[END_REF]). Together with the tendency for the larger specimens to concentrate towards the "Iberian" side of the graph, this suggests that perhaps they were undergoing domestication but not yet showing much sizechange (Figure 6). The 2nd century AD individual continues this tendency, but with a very marked "Iberian shape" (Figures 7 &8) that is even more extreme than that of the 4th century AD specimens from Ambrussum and Lunel Viel [START_REF] Watson | Confirmation of rabbit domestication in the 4th century AD at Ambrussum: evidence of morphological change in the pelvis[END_REF]. It should be stressed that this apparent change to a more "Iberian" shape with increasing size is not found in the modern wild samples when they are examined one by one.

The "Large" Ambrussum specimens and the single large specimen from Lunel Viel are similar in shape to the larger 1st century AD specimens from Lattara, so it is possible that all the specimens from the 1st century AD down to the 4th century AD form part of a single evolutionary process. One new feature that appears, however, is the disproportionately wide ischium characteristic of the "Large" Ambrussum specimens but also seen in the 2nd century AD specimen from Lattara (Figure 14). Thus two possible episodes of rabbit domestication can be seen, but it must be borne in mind that, apart from the gap of around two centuries that separates them, they occurred in very different social and political contexts. The specimens from the 1st century AD and later come from sites that formed part of the Roman empire, under which Lattara was a major port, while the 4th and 2nd century BC specimens from Lattara come from an independent coastal trading station that had a close relationship with the Greek colony at Massalia. Although the domestication process could have been occurring locally the rabbits could equally well have been bred elsewhere and brought to Lattara through trade. However, the "French" shape of the pelvis in the 4th century BC specimens suggests that local domestication is a strong possibility, while the "Iberian" shape in the larger 1st century AD rabbits from Lattara and the "Large" Ambrussum rabbits suggests that at least some influence from the Iberian Peninsula is likely. At the same time it has to be asked why the 1st century AD rabbits are so small, if rabbits markedly larger than any wild rabbits already existed in the 4th century BC. Figure 8. The individual values for the first principal component plotted against the individual discriminant scores for the specimens from the 2nd century AD at Lattara and the modern wild rabbits, as in Figure 7, but with the "Large" specimens from Ambrussum added. The grey dots are the modern wild rabbits, the overlapping black triangles are the 2nd century AD specimens from Lattara and the filled black circles are the Ambrussum specimens.

Figure 9. The individual values for the first principal component plotted against the individual discriminant scores for the specimens from the 1st century AD at Lattara and the modern wild rabbits, as in Figure 6, but with the "Large" specimens from Ambrussum added. The grey dots are the modern wild rabbits, the black open circles are the 1st century AD specimens from Lattara and the filled black circles are the Ambrussum specimens.

Figure 10. The individual values for the first principal component plotted against the individual discriminant scores for the specimens from the 4th century BC at Lattara and the modern wild rabbits, as in Figure 4, but with the "Large" specimens from Ambrussum added. The grey dots are the modern wild rabbits, the black diamonds are the 4th century BC specimens from Lattara and the filled black circles are the Ambrussum specimens.

Figure 11. Measurement "I" plotted against measurement "H" for the same modern wild specimens as in Figure 4 (grey dots), the "Large" Ambrussum specimens with a thick ischium (black filled circles) and the 4th century BC specimens from Lattara (black diamonds). There are in fact 8 specimens and not 7 from the 4th century BC because the specimens from LSS27628 and US27206 have the same measurements. The measurements are given in tenths of a millimetre for simplicity, although in Appendix 2 they are listed in millimetres.

Figure 12. Measurement "I" plotted against measurement "H" for the modern wild specimens (grey dots), the "Large" Ambrussum specimens with a thick ischium (black filled circles) and the 2nd century BC specimen from Lattara (black inverted triangle).

Figure 13. Measurement "I" plotted against measurement "H" for the modern wild specimens (grey dots), the "Large" Ambrussum specimens with a thick ischium (black filled circles) and the 1st century AD specimens from Lattara (black open circles). Figure 14. Measurement "I" plotted against measurement "H" for the modern wild specimens (grey dots), the "Large" Ambrussum specimens with a thick ischium (black filled circles) and the 2nd century AD specimens from Lattara (black triangles). Figure 17. The individual values for the first principal component plotted against the individual discriminant scores for the specimens from the 4th century BC at Lattara and the modern wild rabbits from Tour du Valat, as in Figure 16, but with the damaged specimens from the 4th century BC included. The intact specimens from layers dating to the 4th century BC are shown by black diamonds, while the damaged specimens are shown by a line joining two triangles that mark the maximum and minimum estimates. In one case two of the measurements were damaged and the specimen is marked by a quadrilateral with triangles at the corners. The grey dots are the modern wild rabbits from Tour du Valat.

Appendix 1:

Definitions of the measurements taken.

Figures 2 and3 show the approximate positions in which the measurements are taken. All the measurements are taken with a vernier gauge with "knifeedge" 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 but sometimes a local minimax. The measurement is near to or equivalent to the dorsoventral height in most cases, but taken as a minimax. However, in some cases, when the spina iliaca dorsalis caudalis extends a long way caudally, this 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).

Appendix 2:

List of measurements. 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 Palaeolithic 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 was based on the Roissy and Matutano A specimens as the two groups to be discriminated.

Figure 1 .

 1 Figure 1. Map showing the location of the sites.

Figure 2 .

 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.)

Figure 4 .

 4 Figure 4. The individual values for the first principal component plotted against the individual discriminant scores for the specimens from the 4th century BC at Lattara 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 grey dots are the modern wild rabbits and the black diamonds are the 4th century BC specimens from Lattara.

Figure 5 .

 5 Figure 5. The individual values for the first principal component plotted against the individual discriminant scores for the specimen from the 2nd century BC at Lattara and the modern wild rabbits as in Figure 4. The grey dots are the modern wild rabbits and the black inverted triangle is the 2nd century BC specimen from Lattara.

Figure 6 .

 6 Figure 6. The individual values for the first principal component plotted against the individual discriminant scores for the specimens from the 1st century AD at Lattara and the modern wild rabbits as in Figure 4. The grey dots are the modern wild rabbits and the black open circles are the 1st century AD specimens from Lattara.

Figure 7 .

 7 Figure 7. The individual values for the first principal component plotted against the individual discriminant scores for the specimens from the 2nd century AD at Lattara and the modern wild rabbits as in Figure 4. The grey dots are the modern wild rabbits and the overlapping black triangles are the 1st century AD specimens from Lattara, presumably a pair of bones from the same individual.

Figure 15 .

 15 Figure 15. The individual values for the first principal component plotted against the individual discriminant scores for the specimens from the 1st century AD at Lattara and the modern wild rabbits from Tour du Valat. The grey dots are the modern wild rabbits and the black open circles are the 1st century AD specimens from Lattara.

Figure 16 .

 16 Figure 16. The individual values for the first principal component plotted against the individual discriminant scores for the specimens from the 1st century AD at Lattara and the modern wild rabbits from Tour du Valat, as in Figure 15, but with the values for the 4th century BC specimens from Lattara added. The grey dots are the modern wild rabbits, the black open circles are the 1st century AD specimens and the black diamonds are the 4th century BC specimens.

  

  To calculate the first principal component and the discriminant score for a specimen directly from the raw measurements in millimetres, the following formulae can be used:PC1 = 0.753F1 + 1.150F + 1.080E + 0.974J + 1.022H + 1.327I37.6209 Score = 95.75F1 + 25.65F + 75.64E 36.61J + 94.27H 64.97I + 155.109

	No.	Unit	Date	Side F1	F	E	J	H	I
	1 2	PT290 LSS4340 PT290 LSS4340	125175 AD 125175 AD	l r	8.9 8.8	7.3 7.2	4.3 4.4	7.9 7.9	6.8 6.7	3.9 4.0
	3 5 Column 1 shows JPNW's reference number. LSS27628 375420 BC LSS123001 350375 BC Column 2 shows the stratigraphic unit. 6 LSS27043 375400 BC 7 LSS1515 325350 BC Column 3 shows the date. Column 4 shows the side; l = left; r = right. 8 LSS1515 325350 BC 9 LSS123052 375400 BC Columns 5 to 10 show the measurements in millimetres. l 8.5 l 8.5 r 8.1 r 7.9 r 8.5 r 8.5 No. Unit Date Side F1 11 LSS35269 100125 BC r 8.8 13 US1661 350 BC l 8.5 1 PT471 US9164 75100 AD l 8.0 2 PT471 US9164 75100 AD l 7.3 19 US27206 375420 BC r 9.0 20 US27192 375 BC r 8.2 3 PT471 US9164 75100 AD l 8.5 4 PT471 US9164 75100 AD r 8.5 23 US1630 325350 BC r 9.1	7.5 7.9 6.7 7.2 7.6 7.3 F 7.7 7.8 6.7 6.5 7.4 6.97.3 7.2 7.4 7.8	4.6 5.0 4.3 4.5 4.6 4.6 E 4.7 4.7 4.0 4.2 5.0 4.4 4.6 4.2 5.2	8.2 8.4 7.27.9 7.7 8.2 8.4 J 8.0 8.4 7.9 7.9 8.3 7.8 8.3 8.0 8.9	6.9 7.5 6.5 7.2 6.5 7.6 H 7.2 7.4 6.5 6.7 6.9 6.8 6.8 6.8 7.27.5 3.53.8 3.5 3.6 3.7 3.8 3.34.0 3.6 3.6 3.8 I 3.6 3.5 3.6 3.3 3.3 3.7
	5 6	PT471 US9164 PT471 US9164	75100 AD 75100 AD	r r	7.4 7.9	6.6 6.6	4.2 4.1	7.8 7.9	6.7 6.4	3.3 3.6
	1 2	PT471 US91657 PT471 US91657	75100 AD 75100 AD	l l	7.9 8.0	7.0 6.6	4.0 4.3	7.7 7.7	6.6 6.4	3.6 3.7
	3 4	PT471 US91657 PT471 US91657	75100 AD 75100 AD	l l	7.8 8.1	6.7 7.1	4.7 4.4	7.7 7.6	6.4 6.8	3.7 3.5
	5 6	PT471 US91657 PT471 US91657	75100 AD 75100 AD	l l	8.0 8.0	6.8 7.0	4.2 4.8	8.3 7.7	6.6 6.9	3.5 3.6
	7 8	PT471 US91657 PT471 US91657	75100 AD 75100 AD	l l	8.3 8.1	7.3 7.1	4.4 4.2	7.38.3 8.1	6.8 7.0	3.4 3.4
	9 10	PT471 US91657 PT471 US91657	75100 AD 75100 AD	r r	7.8 8.0	6.7 6.8	4.2 4.1	7.2 8.2	6.3 6.6	3.5 3.5
	11 12	PT471 US91657 PT471 US91657	75100 AD 75100 AD	r r	8.1 7.9	7.0 6.5	4.2 4.3	7.9 7.7	6.9 6.3	3.5 3.6
	13 14	PT471 US91657 PT471 US91657	75100 AD 75100 AD	r r	7.9 8.1	6.7 7.0	4.3 3.9	7.6 7.8	6.2 6.6	3.8 3.5
	15 16	PT471 US91657 PT471 US91657	75100 AD 75100 AD	r r	8.2 8.3	7.0 7.2	4.7 4.3	8.0 8.1	6.8 6.7	3.6 3.2
	1 2	PT129011 PT129011	75100 AD 75100 AD	l l	8.4 8.0	6.8 6.6	4.3 4.3	8.2 7.4	7.0 6.2	3.4 3.3
	3 4	PT129011 PT129011	75100 AD 75100 AD	l l	7.4 8.4	6.6 7.1	4.0 4.5	7.6 8.3	6.7 7.0	3.3 3.7
	5 6	PT129011 PT129011	75100 AD 75100 AD	l l	7.5 8.2	6.3 6.9	4.1 4.3	7.3 8.0	6.0 6.7	3.2 3.3
	7 8	PT129011 PT129011	75100 AD 75100 AD	l l	7.7 7.5	7.4 6.1	4.4 4.3	8.2 6.6	6.6 6.4	3.8 3.5
	9 10	PT129011 PT129011	75100 AD 75100 AD	l r	8.4 8.2	6.9 6.6	4.5 4.3	8.3 8.0	6.6 6.6	3.2 3.4
	11 12	PT129011 PT129011	75100 AD 75100 AD	r r	7.9 7.4	7.4 6.7	4.4 3.9	8.0 7.6	6.6 6.6	3.9 3.4
	13 14	PT129011 PT129011	75100 AD 75100 AD	r r	8.6 8.4	6.9 7.1	4.3 4.4	8.1 8.4	7.1 6.7	3.4 3.2
	15 16	PT129011 PT129011	75100 AD 75100 AD	r r	7.7 8.4	6.3 7.3	4.4 4.3	7.2 7.8	6.1 6.9	3.3 3.8