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We investigate here the domestic status of goose remains from archaeological excavations of the Roman urban settlement of Paris Lutecia. Within the diet of the Parisii adult goose competes with chicken in importance, thus offering abundant material for exploring the question of the domesticity of this bird. We first use linear and geometric morphometrics on extant tarsometatarsi of wild and domestic greylag geese to investigate potential morphological differences between the two forms. Afterwards, we apply this model on a Roman sample from Lutecia. The extant domestic breed shows notable differences in length and gracility of the tarsometatarsus compared to the wild specimens. In domestic males, the tarsometatarsi appear significantly longer and more robust compared to females. In wild greylag geese, we do not observe significant differences between males and females. Geometric morphometric analysis shows a modification of the shape in the domestic form, with increased robusticity and a bend of the shaft towards the distal end. Following this analysis, we examine the metrical specificities of the archaeological sample that shows only an increase in robusticity and no modification of ON THE STATUS OF GREYLAG GEESE IN ROMAN PARIS: A LINEAR AND GEOMETRIC length and the shape relative to the wild form. Our linear and geometric morphometric models clearly indicates that the majority of the Roman geese are domestic. Nevertheless, a smaller number of wild greylag geese is also present and must be considered as being sourced from hunting activities in the surroundings of Lutecia.

Introduction

The Roman conquest of Northern Gaul influenced the composition of the diet of most consumers in the region. Eating meat goes beyond the large mammal consumption that characterized the pre-Roman diet [START_REF] Méniel | Les Gaulois et les animaux. Élevage, repas et sacrifice[END_REF], with the regular inclusion of chicken, goose, duck, pigeon, oysters, mussels and fish. In the case of Lutecia, the capital of the Parisii, we evidenced a clear diversification of the components of the meat-based diet, even though this varies according to the socio-economic status of each household [START_REF] Oueslati | Approche archéozoologique des modes d'acquisition, de transformation et de consommation des ressources animales dans le contexte urbain gallo-romain de Lutèce[END_REF]. At a wider scale, poultry emerges as a frequent ingredient within Roman cuisine, including on affluent rural settlements [START_REF] Oueslati | La consommation des ressources animales en milieu rural : quels indices pour quelle caractérisation de cet espace socio-économique? Actes du colloque Xe congrès de l'Association AGER, Consommer dans les campagnes de la Gaule romaine[END_REF]. The importance of goose and mallard consumption from the onset of the Roman period confronts zooarchaeologists with the need to clarify the status of these consumed birds. This is particularly important because of the marked difference in procurement strategies of reared and hunted animals. Moreover, in Northern France, hunting was often limited to high-status consumers during Antiquity and Medieval times [START_REF] Méniel | Les Gaulois et les animaux. Élevage, repas et sacrifice[END_REF][START_REF] Lepetz | L'animal dans la société gallo-romaine de la France du Nord[END_REF][START_REF] Lepetz | La consommation de viande dans les villes romaines d'Île-de-France au Ier siècle. Les cas de Meaux et de Paris (Seine-et-Marne et Seine)[END_REF][START_REF] Clavel | L'animal dans l'alimentation médiévale et moderne en France du Nord (XIIIe -XVIIe siècles)[END_REF][START_REF] Yvinec | Alimentation carnée au début du Moyen Âge[END_REF][START_REF] Yvinec | La part du gibier dans l'alimentation du haut Moyen Âge. Exploitation des animaux sauvages à travers le temps, XIIIe rencontres internationales d'Archéologie et[END_REF].

Zooarchaeologists working on sites from historical periods in Northern France and elsewhere often attribute a domestic status to goose, mallard and pigeon (e.g. Lepetz, 1997;[START_REF] Clavel | L'animal dans l'alimentation médiévale et moderne en France du Nord (XIIIe -XVIIe siècles)[END_REF]. This assumption relies primarily on the scarcity of other wild birds within such archaeological assemblages, shedding doubt on a provisioning strategy reliant on hunting. Furthermore, the lack of morphometric and morphological criteria poses challenges for species-level identification in the highly diverse family of Anatidae (but see [START_REF] Bacher | Vergleichend morphologische Untersuchungen an Einzel Knochen des postkranialen Skeletes in Mitteleuropa vorkommender schwane und Gänse[END_REF]. The subspecific differences between domestic and wild Anser anser are even more subtle.

In the case of Roman Paris, we initially assumed a domestic status for the geese, as they rival with chicken in number of fragments and because only adult individuals are present [START_REF] Oueslati | Approche archéozoologique des modes d'acquisition, de transformation et de consommation des ressources animales dans le contexte urbain gallo-romain de Lutèce[END_REF]. However, a preliminary morphometric comparison of the archaeological goose bones with extant wild and domestic Anser spp. specimens indicated a marked allometry in the archaeological specimens. Besides differences in the dimensions of the wing bones relative to those of the leg bones, we noted an increased robusticity of the limb bones, particularly in those of the hind leg 1 [START_REF] Oueslati | Approche archéozoologique des modes d'acquisition, de transformation et de consommation des ressources animales dans le contexte urbain gallo-romain de Lutèce[END_REF]. Other researchers have made similar observations on other sites 1 Number of probable wild geese in the Roman assemblages from Paris according to Oueslati 2006: 3 on a total of 34 coracoïds, 2 on a total of 66 ulnae, 1 on a total of 57 carpometacarpi and 1 on a total of 89 tibiotarsi. [START_REF] Reichstein | Untersuchungen an skelettresten von vogeln aus Haithaby[END_REF][START_REF] Prummel | Poultry and fowling at the Roman castellum Velsen I[END_REF] leading us to the conclusion that the geese from Lutecia were mostly domestic.

This paper attempts to evaluate the potential of 2D geometric morphometrics to improve this characterisation of the archaeological goose bones from Paris. Building on past studies on Paris, we target the tarsometatarsus, as it is a resistant and compact bone, which we often encounter in a more complete state, in comparison with other butchered elements of the carcass [START_REF] Oueslati | Approche archéozoologique des modes d'acquisition, de transformation et de consommation des ressources animales dans le contexte urbain gallo-romain de Lutèce[END_REF].

Theoretical framework

The domestication of the greylag goose was a complex phenomenon with a multiplicity of domestication centres [START_REF] Albarella | Alternate fortunes? The role of domestic ducks and geese from Roman to Medieval times in Britain[END_REF][START_REF] Crawford | Evolution of domesticated animals[END_REF][START_REF] Zeuner | A history of domesticated animals[END_REF]. Although, an early centre in China was recently suggested [START_REF] Eda | Multiple lines of evidence of early goose domestication in a 7000-y-old rice cultivation village in the lower Yangtze River, China[END_REF], it is commonly admitted that this process first occurred somewhere in the Eastern Mediterranean region [START_REF] Crawford | Evolution of domesticated animals[END_REF][START_REF] Zeuner | A history of domesticated animals[END_REF], possibly in Egypt, as early as the third or second millennium BC [START_REF] Albarella | Alternate fortunes? The role of domestic ducks and geese from Roman to Medieval times in Britain[END_REF]. Initial comparison of the tarsometatarsus of modern reference skeletons of the European domestic goose (Anser anser f. domestica) and its ancestor, the wild greylag goose (Anser anser), already shows striking visual differences, with the former longer and more robust. Domestication, including selective breeding of profitable meat-producing breeds can presumably explain the observed differences to an extent. These differences are not as obvious in archaeological material. Certain studies provide morphological criteria to distinguish between several species of Anatidae (e.g. [START_REF] Bacher | Vergleichend morphologische Untersuchungen an Einzel Knochen des postkranialen Skeletes in Mitteleuropa vorkommender schwane und Gänse[END_REF]Cohen & Serjeantson, 1996) but the differentiation between wild and domestic Anser anser can probably only be achieved using metric data. In fact, several authors have attempted this, using a combination of raw measurements and calculated indices on several skeletal elements [START_REF] Reichstein | Untersuchungen an skelettresten von vogeln aus Haithaby[END_REF][START_REF] Prummel | Poultry and fowling at the Roman castellum Velsen I[END_REF][START_REF] Macdonald | Domestic geese from Medieval Dublin[END_REF][START_REF] Oueslati | Approche archéozoologique des modes d'acquisition, de transformation et de consommation des ressources animales dans le contexte urbain gallo-romain de Lutèce[END_REF][START_REF] Poland | A methodological approach to the identification of duck and goose remains from archaeological sites with an application to Roman Britain[END_REF][START_REF] Duval | Les oies du site castral de Boves aux Xe siècle: tentative d'identification des individus domestiques[END_REF]. While wild and domestic geese do not necessarily vary in all dimensions, some studies found differences in the proportion of the wing bones relative to the size of the hind limb bones [START_REF] Reichstein | Untersuchungen an skelettresten von vogeln aus Haithaby[END_REF][START_REF] Oueslati | Approche archéozoologique des modes d'acquisition, de transformation et de consommation des ressources animales dans le contexte urbain gallo-romain de Lutèce[END_REF]. The tarsometatarsus, showing the most pronounced increase in robusticity, is presumably the most reliable bone to distinguish the wild from the domestic form [START_REF] Bramwell | Identification and interpretation of bird bones[END_REF][START_REF] Macdonald | Domestic geese from Medieval Dublin[END_REF][START_REF] Lepetz | La consommation de viande dans les villes romaines d'Île-de-France au Ier siècle. Les cas de Meaux et de Paris (Seine-et-Marne et Seine)[END_REF][START_REF] Duval | Les oies du site castral de Boves aux Xe siècle: tentative d'identification des individus domestiques[END_REF][START_REF] Poland | A methodological approach to the identification of duck and goose remains from archaeological sites with an application to Roman Britain[END_REF].

Despite these observations, we know little about the underlying mechanisms that drive these morphological changes. Some authors have suggested that the increase in robusticity relates to the greater weight and a higher reliance on terrestrial locomotion in domestic breeds [START_REF] Bramwell | Identification and interpretation of bird bones[END_REF][START_REF] Macdonald | Domestic geese from Medieval Dublin[END_REF]. However, even if such a scenario is accepted, it remains unclear whether these accommodations for increased weight have a genetic component, or if they result directly from environmental factors in the life history of an individual. While artificial selection for heavier geese is well documented [START_REF] Serjeantson | Goose husbandry in medieval England, and the problem of ageing goose bones[END_REF], an increase in limb bone robusticity could potentially also signify changes in the ontogenetic trajectory of an individual. During the early stages of their life, Anatidae invest more energetic resources in the development of the hind limb, at the cost of developing the wings [START_REF] Dial | Precocial hindlimbs and altricial forelimbs: partitioning ontogenetic strategies in mallards (Anas platyrhynchos)[END_REF][START_REF] Duggan | Differences in hindlimb morphology of ducks and chickens: effects of domestication and selection[END_REF]. This is advantageous, as ducklings mainly evade predators by running and swimming, thus quickly developing robust leg bones with sufficient musculature [START_REF] Dial | Precocial hindlimbs and altricial forelimbs: partitioning ontogenetic strategies in mallards (Anas platyrhynchos)[END_REF]. Halfway through their ontogenetic trajectory, this strategy reverses and energetic resources divert to the development of the wings, as flight becomes the main predator evasion strategy [START_REF] Dial | Precocial hindlimbs and altricial forelimbs: partitioning ontogenetic strategies in mallards (Anas platyrhynchos)[END_REF]. It is conceivable that domestic geese, having been subject to a reduction in natural selective pressures, have retained their precocial growth pattern -with emphasis on hind leg developmentuntil the adult stage. As changes in the developmental trajectory (e.g. paedomorphosis) exist for other domestic animals [START_REF] Zeder | Pathways to animal domestication[END_REF], this is plausible for geese.

Materials

This work relies on the archaeological material from Paris and reference specimens of domestic and wild geese. The latter consist of 39 complete goose tarsometatarsi measured in the collections of the Muséum National d'Histoire Naturelle (Paris, France) and the Laboratoire de Bioarchéologie Animale de Lille (University of Lille, France) (Figure 1). The wild specimens are all of the western subspecies Anser anser anser, while the domestic specimens are of the Maxipalm strain of the grey Toulouse breed (collected at Farm Andrevias, Sorges, France). We combined these measurements with a morphometric dataset of 43 specimens of modern domestic and wild geese from the literature [START_REF] Poland | A methodological approach to the identification of duck and goose remains from archaeological sites with an application to Roman Britain[END_REF]. All extant specimens were included in the linear morphometric analysis (N=82). Our geometric morphometric analysis required photos of the reference specimens which were not available in Poland's dataset not to mention the impossibility to verify for identical photo shooting technique, thus restricting this approach to the specimens from the Muséum National d'Histoire Naturelle and the Laboratoire de Bioarchéologie Animale de Lille (n=39).

We incorporated only adult tarsometatarsi in our study. We excluded individuals that were clearly pathological. We systematically collected data on the left tarsometatarsus. When not possible we used the right tarsometatarsus and virtually mirrored the right specimens in TPSdig 2.16 [START_REF] Rohlf | TpsDig 1.40-Thin Plate Spline Digitizer 1.40[END_REF] for the geometric morphometric analysis. Of this sample, a subsample of 12 specimens had a preservation that was adequate for geometric morphometric analysis (Figure 2a). In many cases, the proximal articulation or one of the condyles of the distal articulation was absent (Figure 2b, c andd). Table S1 provides the raw measurements of all the archaeological and extant goose tarsometatarsi. 

Wild Domestic m f m + f m f m + f Muséum National d'Histoire Naturelle - - 10 

Methods

In this study, we used a combined linear and geometric morphometric approach to assess morphological variation in wild and domestic Anser anser. For our linear morphometric approach, we measured the greatest length (GL) and the smallest breadth of the corpus (SC) of the tarsometatarsus following von den [START_REF] Driesch | A Guide to the Measurement of Animal Bones from Archaeological sites[END_REF] and expressed in millimetres. As relatively simple ratios have been successfully applied to discriminate taxa in other zooarchaeological studies (e.g. [START_REF] Castaños | Estudio osteometrico preliminar de los restos de ciervo (Cervus elaphus) del yacimiento paleontologico del Pleistoceno Superior de Kiputz IX (Mutriku, Gipuzkoa)[END_REF][START_REF] Zeder | Pathways to animal domestication[END_REF][START_REF] Iwaniuk | Extraordinary cranial specialization in a new genus of extinct duck (Aves: Anseriformes) from Kauai, Hawaiian Islands[END_REF][START_REF] Lister | Metric analysis of ungulate mammals in the early Middle Pleistocene of Britain in relation to taxonomy and biostratigraphy II: Cervidae, Equidae and Suidae[END_REF], we calculated a gracility index (GL/SC) based on similar morphometric studies on mammalian bones [START_REF] Oueslati | Approche archéozoologique des modes d'acquisition, de transformation et de consommation des ressources animales dans le contexte urbain gallo-romain de Lutèce[END_REF][START_REF] Albarella | Size and shape of the Eurasian wild boar (Sus scrofa), with a view to the reconstruction of its Holocene history[END_REF].We plotted the resulting data on an XY-graph and in a series of boxplots. Statistical significance (p < 0.05) of between group differences was tested using ANOVA in PAST 2.17 [START_REF] Hammer | PAST: Paleontological statistics software package for education and data analysis[END_REF].

Alongside our traditional morphometric approach, a number of tarsometatarsi were also analysed using geometric morphometrics (GMM). Previous research has shown that digital image analysis can be used to track phenotypic diversity in vertebrates (e.g. [START_REF] Cucchi | New insights into pig taxonomy, domestication and human dispersal in Island South East Asia: molar shape analysis of Sus remains from Niah caves, Sarawak[END_REF]2011;[START_REF] De Mendoza | Ecomorphology of the tarsometatarsus of waterfowl (Anseriformes) based on geometric morphometrics and its application to fossils[END_REF][START_REF] Foster | Identifying chicken breeds in the archaeological record: a geometric and linear morphometric approach[END_REF][START_REF] Gruwier | Exploration of the taxonomy of some Pleistocene Cervini (Mammalia, Artiodactyla, Cervidae) from Java and Sumatra (Indonesia): a geometric-and linear morphometric approach[END_REF][START_REF] Jeantet | Investigating past and present carpometacarpus morphology in Mimidae: A multi-methods approach to evidence from the Guadeloupe Islands[END_REF]. An advantage of this approach is that geometric morphometrics allow for size and shape to be analysed separately [START_REF] Viscosi | Leafmorphology, taxonomy and geometric morphometrics: a simplified protocol for beginners[END_REF] and that anatomical elements can be analysed as whole units instead of a series of separate measurements [START_REF] Zelditch | Geometric Morphometrics for biologists: A primer[END_REF]. As such, the results of our GMM analysis function as a test to validate potential patterns found in the linear morphometric analysis and optimally control for size effects.

In our GMM analysis we quantitatively assed morphological variation using a series of homologous landmarks, placed at discrete anatomical loci on a series of goose tarsometatarsi [START_REF] Zelditch | Geometric Morphometrics for biologists: A primer[END_REF]. Specimens were systematically fixed to a platform with plasticine, after which digital photographs were taken of the anterior side of the bone with a Nikon D750 camera mounted with a AF micro Nikkor 60mm 1:2.8 D lens. We placed a total number of 28 landmarks on the standardized photos of the tarsometatarsus using TPSdig 2.16 [START_REF] Rohlf | TpsDig 1.40-Thin Plate Spline Digitizer 1.40[END_REF]. Our model consisted of a combination of different landmark types: type I landmarks, placed at the juxtaposition of anatomical features, type II landmarks, found at the maximal curvature of an anatomical feature and type III landmarks, that are placed along an outline which is homologous at the level of the wider structure [START_REF] Baab | The shape of human evolution: a geometric morphometrics perspective[END_REF][START_REF] Ghislanzoni | Measuring 3D shape in orthodontics through geometric morphometrics[END_REF]. In this case, only landmark 5 could be classified as a type I landmark, while landmarks 1, 2, 3, 4, 6, 7 and 8 were type II landmarks (Figure 3). Landmarks 9 to 18 and 19 to 28 were two series of type III landmarks that we slid along the homologous outlines of the diaphysis using TPSrelw 1.49 [START_REF] Rohlf | TpsRelw 1.41-Thin Plate Spline Relative Warp[END_REF].

Figure 3 Anterior side of a left tarsometatarsus of a wild greylag goose with positioning of type I, II (black dots) and III landmarks (crossed dots).

Consequently, we conducted a generalized Procrustes analysis (GPA) on the data matrix in PAST 2.17, where the objects were scaled, rotated and translated to exclude all information irrelevant to differences in shape [START_REF] Goodall | Procrustes methods in the statistical analysis of shape[END_REF][START_REF] Walker | The ability of geometric morphometric methods to estimate a known covariance matrix[END_REF]. As the GPA procedure involves projecting coordinate data in a euclidean space tangent to the Procrustes shape space [START_REF] Viscosi | Leafmorphology, taxonomy and geometric morphometrics: a simplified protocol for beginners[END_REF], we used TPSsmall 1.20 [START_REF] Rohlf | TpsSmall 1.20[END_REF] to test if this approximation was adequate for further statistical analysis.

We conducted all further statistical analyses in PAST 2.17. Principal Component Analysis (PCA) served as a dimensionality reduction method and as the primary analysis to explore morphological variation in the Procrustes transformed shape data. All shape variables were included to identify the greatest axes of variation in the dataset [START_REF] Cucchi | Early Neolithic pig domestication at Jiahu, Henan Province, China: clues from molar shape analyses using geometric morphometric approaches[END_REF]. To identify the number of principal components to retain for further analysis, we plotted the eigenvalue distribution against a broken stick model [START_REF] Jackson | Stopping rules in principal components analysis: A comparison of heuristical and statistical approaches[END_REF]. According to this model, only components with an eigenvalue above the broken stick are relevant. Thin plate spline deformation grids visualized the shape changes along the different axes of the relevant principal components.

To assess statistical significance (p < 0.05) of between group differences in the PCA, we took an approach that involved conducting a nonparametric MANOVA (npMANOVA) on the relevant principal components [START_REF] Hou | Soft tissue facial changes among adult females during alignment stage of orthodontic treatment: A geometric morphometric study[END_REF][START_REF] Marramà | Principal component and discriminant analyses as powerful tools to support taxonomic identification and their use for functional and phylogenetic signal detection of isolated fossil shark teeth[END_REF][START_REF] Polly | Phenotypic variation across chromosomal hybrid zones of the common shrew (Sorex araneus) indicates reduced gene flow[END_REF][START_REF] Schutz | Differential sexual dimorphism: Size and shape in the cranium and pelvis of grey foxes (Urocyon)[END_REF].We chose a permutation test because the required assumptions for parametric testing, including normal distribution and across-group homogeneity of variance, are not necessarily met by GMM data [START_REF] Cardini | How many specimens do I need? Sampling error in geometric morphometrics. Testing the sensitivity of means and variances in simple randomized selection experiments[END_REF][START_REF] Lopez-Lazaro | Sexual dimorphism of the first deciduous molar: A geometric morphometric approach[END_REF][START_REF] Gruwier | Ecomorphology of the cervid calcaneus as a proxy for paleoenvironmental reconstruction[END_REF].When overall differences were significant, we conducted post hoc tests in the form of pairwise npMANOVAs between all pairs of groups, to test which populations differed significantly.

Even though the GPA procedure excludes isometric size differences, it does not rule out possible allometric effects [START_REF] Curran | Hominin Paleoecology and Cervid Ecomorphology[END_REF]. To account for this factor, we regressed PC-scores against natural log of centroid size [START_REF] Cucchi | Early Neolithic pig domestication at Jiahu, Henan Province, China: clues from molar shape analyses using geometric morphometric approaches[END_REF][START_REF] Owen | Morphological variation in wild and domestic suids[END_REF]. In case of a significant correlation between size and shape, we interpreted this as indicative for an allometric effect [START_REF] Zelditch | Geometric Morphometrics for biologists: A primer[END_REF][START_REF] Gruwier | Ecomorphology of the cervid calcaneus as a proxy for paleoenvironmental reconstruction[END_REF].

Results

Linear morphometrics

The results of our linear morphometric analysis show that when maximal length (GL) is plotted against a gracility index (GL/SC), the wild population separates well from the domestic population (Figure 4). In wild greylag geese, the overall length (GL) of the tarsometatarsus is smaller than in the domestic form (Figures 4 and5). This separation is confirmed by an ANOVA, resulting in significant differences between the two populations (F = 116.3; p < 0.001). When considering males and females separately, there is more intra-group overlap. Nevertheless, in the domestic population sexual dimorphism is clear, with males having significantly (F = 10.6; p = 0.004) longer tarsometatarsi than females (Figure 4). In the wild population sexual size dimorphism is much less pronounced, with males being of similar size as females (F = 0.1; p = 0.8).

Looking at the gracility index, wild specimens visually give higher scores than the domestic specimens (Figures 4 and5). Based on this index, the ANOVA confirms that wild greylag geese have significantly more gracile tarsometatarsi than the domestic form (F = 55; p < 0.001). Although no significant differences are noted between male and female wild geese (F = 0.2; p = 0.639), there is significant sexual dimorphism in gracility between the two sexes in domestic geese (F = 6.5; p = 0.019).

Figure 4 Plot of the greatest length (GL) and gracility index (GL/SC) of extant male (m) and female (f) Anser anser (open squares) and Anser anser f. domestica (filled squares) and archaeological specimens from Paris (crosses).

Figure 5 Boxplots of greatest length (GL) and gracility index (GL/SC) in male (m.) and female (f.) wild (wi.) and domestic (do.) Anser anser. The categories Wi. and Do. group all wild and domestic specimens of known and unknown sex together.

As a group, the archaeological specimens give different scores in the scatterplot than either the wild or the domestic population. As far as the length of the tarsometatarsus is concerned, all of the Roman specimens fell at the lower end of the spectrum. With the exception of two specimens from P634, all bones fall within the size range measured for wild Anser anser. 13 specimens also fall within the size range of the domestic form, but 10 are smaller in total length than the smallest modern domestic specimen. As a group, the specimens from Paris are significantly different in length from the domestic population (F = 73.1; p < 0.001), but not from the wild population (F = 73.1; p < 0.721).

Most archaeological tarsometatarsi yielded low gracility scores that were similar to the to the domestic population (Figures 3 and4). All specimens fall within the range of modern domestic geese, except one specimen from P634 that even exceeds the maximum robusticity measured in extant domestic geese. Nine specimens also overlap with the more robust specimens of the wild Anser anser population. The ANOVA indicates that, as a group, the Roman geese are significantly different from the modern wild population (F = 42.1; p <.0.001), but not from the domestic population (F = 42.1; p = 0.218).

Geometric morphometrics

The PCA on the Procrustes-transformed GMM data gives visual separation between wild and domestic geese when the first two axes are plotted (Figure 6). The thin plate spline deformation grids indicate that the first axis mainly summarizes a difference in robusticity (Figure 6). This is primarily expressed in domestic individuals showing a wider shaft relative to the articulations than wild geese. Furthermore, in (domestic) specimens with a lower score on PC1, there appears to be a more pronounced curvature of the shaft near the distal articulation. Along PC2, the main shape difference summarized by this axis is a variation in the position of the most proximal point of the eminentia intercotylaris and the most medial point of the trochlea metatarsi II. In specimens with a low score, the eminentia intercotylaris is positioned more towards the cotyla medialis and the trochlea metatarsi II gradually extends at the same level as the shaft. In specimens with a high score, the eminentia intercotylaris is positioned in the middle and the trochlea metatarsi II protrudes further towards the medial side.

Although PC2 explains 21.9% of the variation, between-group separations appear to be almost exclusively driven by the first component (32.3% of the variation). Despite limited overlap, wild specimens give an overall higher score on PC1 than domestic specimens, indicating that the latter population has a substantially more robust morphology than the wild population. An npMANOVA on the relevant components (PC1 to PC6), as indicated by a scree plot of the eigenvalue distribution [START_REF] Jackson | Stopping rules in principal components analysis: A comparison of heuristical and statistical approaches[END_REF], shows that the observed differences between the wild and domestic form are significant (p<0,001).

When considering specimens by sex, there is no clear visual pattern in the PCA scatterplot (Figure 6). Female specimens do not score higher or lower than males in either the wild or the domestic population. This is confirmed by an npMANOVA on the relevant components (PC1 to PC6) (p < 0.001), with associated pairwise comparisons (Figure 6). Differences are significant between all wild and domestic groups, but not between respectively domestic males and females (p = 0.7487) and between wild males and females (p = 0.6487). Although the GPA procedure removes the effects of isometric size differences, we conducted a regression of the first component (giving the best separation) against the natural log of centroid size (Figure 8) to account for potential allometric effects. When PC1 is regressed against log centroid size, a weak but significant correlation is found between the two variables (R 2 =0,051, p < 0.001). A regression of PC2 against centroid size also resulted in a significant, but somewhat stronger correlation (R 2 = 0.306, p < 0.001).

Figure 8 Results of regressions of PC1 and PC2 against natural log of centroid size for all geese tarsometatarsi.

As far as the position of the Roman geese is concerned, all of the 12 archaeological specimens from Paris fall within the range of variation of the modern geese on the first axis of the PCA (Figure 6). This indicates that all tarsometatarsi have a gracility typical of either wild or domestic Anser anser. Along the second axis, three specimens from p634 give unusually high scores. In terms of morphology, this means that the three specimens have an eminentia intercotylaris that is positioned more in the middle and a trochlea metatarsi II that protrudes further towards the medial side, than is the case in the modern Anser anser populations. However, this axis was considered less relevant, as it does not give substantial visual separation between extant wild and domestic geese.

Five specimens from P634 visually give low scores on the first axis and only fall within the measured range of domestic goose. One particularly gracile specimen from P634 gives high scores on PC1 and falls exclusively within the range of wild greylag goose. The other four specimens from P634 and the two specimens from P553 are of intermediate gracility and give scores that fall within the range of both wild and domestic goose.

6. Discussion

Extant specimens

The results of our linear morphometric analysis of the extant reference material confirmed the notion that robusticity in the tarsometatarsus can be used to differentiate wild and domestic geese.

As previous studies have already suggested, the relative width of the shaft increases in domestic populations [START_REF] Bramwell | Identification and interpretation of bird bones[END_REF][START_REF] Reichstein | Untersuchungen an skelettresten von vogeln aus Haithaby[END_REF][START_REF] Macdonald | Domestic geese from Medieval Dublin[END_REF][START_REF] Oueslati | Approche archéozoologique des modes d'acquisition, de transformation et de consommation des ressources animales dans le contexte urbain gallo-romain de Lutèce[END_REF][START_REF] Duval | Les oies du site castral de Boves aux Xe siècle: tentative d'identification des individus domestiques[END_REF][START_REF] Poland | A methodological approach to the identification of duck and goose remains from archaeological sites with an application to Roman Britain[END_REF]. Although a large portion of the population of domestic geese was substantially larger than wild greylag geese, even in cases where the two extant populations overlapped in size, the domestic form had a more robust shape on average. When considering sexes, there were no clear differences in robusticity or length between male and female wild greylag geese. In the domestic form, sexual size dimorphism was clear, with males being larger on average than females. This was in line with Rensch's rule, which states that populations with a larger body size exhibit higher male to female body size ratio's [START_REF] Rensch | Die abhangigkeit der relative sexualdifferenz von der korpergrosse[END_REF]. This contradicts studies on sexual size dimorphism in cattle [START_REF] Polák | Patterns of sexual size dimorphism in cattle breeds support Rensch's rule[END_REF], sheep [START_REF] Polák | Sexual size dimorphism in domestic goats, sheep, and their wild relatives[END_REF], goat, [START_REF] Polák | Sexual size dimorphism in domestic goats, sheep, and their wild relatives[END_REF] and chicken [START_REF] Remeš | Domestic chickens defy Rensch's rule: sexual size dimorphism in chicken breeds[END_REF], where sexual dimorphism is reduced in domestic forms [START_REF] Polák | Sexual size dimorphism in domestic goats, sheep, and their wild relatives[END_REF], 2010;[START_REF] Remeš | Domestic chickens defy Rensch's rule: sexual size dimorphism in chicken breeds[END_REF].

At least for the ungulates, the authors explain this by the presence of strong male-male competition and sexual selection for a large body size in wild forms, a condition that is relaxed in the controlled settings associated with domestication [START_REF] Schaller | Mountain monarchs. Wild sheep and goats of the himalaya[END_REF]Polák &[START_REF] Polák | Sexual size dimorphism in domestic goats, sheep, and their wild relatives[END_REF]2010). Our results, in line with those of an earlier study on Anatidae [START_REF] Pares-Casanova | Is sexual size dimorphism similar irrespective of the origin of the goose breed?[END_REF], demonstrate that this is not the case for geese. As domestic geese have to be kept in mixed male-female groups [START_REF] Serjeantson | Goose husbandry in medieval England, and the problem of ageing goose bones[END_REF], it is likely that male-male competition is not reduced in captive settings (Pares-Casanova, 2013). In the wild, sexual selective pressures are still confounded by other, natural selective pressures, counterbalancing the development of very large phenotypes [START_REF] Pares-Casanova | Is sexual size dimorphism similar irrespective of the origin of the goose breed?[END_REF].Under captive conditions, the combination of reduced natural selection and heavy male competition may in fact lead to an increase in sexual size dimorphism [START_REF] Pares-Casanova | Is sexual size dimorphism similar irrespective of the origin of the goose breed?[END_REF].

The results of our GMM analysis were in line with those of the linear morphometric analysis. Despite some overlap, the PCA was able to differentiate between wild and domestic specimens on the first axis. The thin plate spline deformation grids confirmed that the main shape variation between the two groups was a difference in gracility of the shaft. This was, moreover, not an effect of isometric size differences, as the GPA procedure removed these effects from the dataset. The regressions against centroid size, however, indicated the presence of a weak allometric effect in the dataset. We expected this correlation because the domestic specimens, with their more robust morphology, were in most cases also larger than the wild specimens. The reason that the correlation was only weak, was probably because most of the archaeological specimens were small in size but had a similar shape as the domestic population.

In addition to a more robust shape, domestic Anser anser possibly also had a more pronounced curvature of the shaft near the distal articulation. Previous studies have proposed a relationship between increased curvature and a more rapid growth rate in the leg bones of mallard and chicken [START_REF] Duggan | Differences in hindlimb morphology of ducks and chickens: effects of domestication and selection[END_REF]. It is possible that, in geese, this morphological trait is also the result of artificial selection for individuals with a faster growth rate, although it should be noted that there is disagreement whether sexual maturity (2-3 years) is reached earlier in domestic than in wild geese [START_REF] Serjeantson | Goose husbandry in medieval England, and the problem of ageing goose bones[END_REF]Kozák 2019).

Our shape analysis did not confirm the sexual size dimorphism suggested by the linear morphometric analysis for the domestic population. We observed no significant shape differences between males and females within either the wild or the domestic population. This result may indicate that the underlying mechanisms that drive more robust hind leg morphology in domestic populations are different from those that give rise to increased size disparity between sexes. Although we did not explicitly test for changes in locomotion and function in the hind limb, the ontogenetic trajectory could play a role in the increased curvature [START_REF] Dial | Precocial hindlimbs and altricial forelimbs: partitioning ontogenetic strategies in mallards (Anas platyrhynchos)[END_REF][START_REF] Duggan | Differences in hindlimb morphology of ducks and chickens: effects of domestication and selection[END_REF].

The archaeological sample

The Roman specimens from Paris gave somewhat ambiguous results in the linear morphometric analysis. On average, the specimens within this group were of the size of wild greylag geese, but with a robust morphology typical of domestic geese. This suggested that most of the archaeological specimens were of a small, domestic form, a notion confirmed by our GMM analysis. After the removal of isometric size effects, our shape analysis placed most specimens within the range of domestic geese. There is, however, no reason to assume our archaeological population was homogenous and composed of a single form. Indeed, seven specimens from P634 and one from P538, fall well into the range of wild geese as far as the gracility index is concerned. Moreover, in the GMM analysis one specimen from P634 falls exclusively within the range of wild greylag geese, while an additional four from P634 and two from P538 could be either wild or domestic. The reasons for this were not entirely clear, but it is conceivable that in the modern domesticated specimens that dominated our sample, a stricter artificial selection led to an increased robusticity of the tarsometatarsus. We also cannot rule out a degree of introgression between wild and domestic forms in Antiquity, a well-known phenomenon in the Anatidae [START_REF] Heikkinen | Long-Term reciprocal gene flow in wild and domestic geese reveals complex domestication history[END_REF].

In terms of archaeological application, it appears from our results that geese tarsometatarsi with a gracility index of more than 11.8 can be interpreted as wild. Specimens with a gracility index of less than 10.7 may be interpreted as domestic goose. This was confirmed by the GMM analysis which successfully classified specimens that met those criteria in the respective domestic and wild populations. Using univariate size variables in isolation proved insufficient to make the distinction between the two forms, as the substantial size increase seen in modern domestic geese had

apparently not yet set in during Roman times. When this evolution took place remains unknown, but a particular moment where such changes may have happened, is from the onset of intensive culling of immature geese in the post-medieval time [START_REF] Serjeantson | Goose husbandry in medieval England, and the problem of ageing goose bones[END_REF][START_REF] Clavel | L'animal dans l'alimentation médiévale et moderne en France du Nord (XIIIe -XVIIe siècles)[END_REF], which relates to a more meat oriented production and an emphasis on increasing meat-yield.

Conclusions

The investigation of the status of the Roman geese from Paris relied on the acquisition and analysis of a comparative sample of male and female domestic and wild greylag geese. The analysis of the extant domestic and wild forms highlights the degree of divergence we observe today between the domestic Maxipalm strain of the grey Toulouse breed and the wild greylag. This translates in greater size and robusticity but also in a significantly stronger sexual dimorphism in comparison with the wild form. Although the long-term selection of profitable breeds, notably for meat production, has probably affected the modern domestic goose skeleton in a more profound way than that of Roman domestic flock from Paris, our results showed that the modern and ancient domesticates share a similar morphotype. This demonstrates that a combination of linear and geometric morphometrics are an appropriate set of techniques to differentiate between wild and domestic goose populations. Especially our GMM model, which allowed us to describe subtle morphological differences and adequately account for size effects, proved particularly effective. It corroborates the results of our linear analysis, which in itself equips zooarchaeologists with an easily accessible tool for identification.

Furthermore, 23

 23 Roman specimens from 3 sites from Paris (P634 Rue Pierre et Marie Curie, P538 Rue Gay-Lussac and P553 Hôtel-Dieu) were included from the collections of the Pôle Archéologique du Département d'Histoire, de l'Architecture et d'Archéologie de Paris (DHAAP).

Figure 2

 2 Figure 2 Goose tarsometatarsi from Lutecia showing different states of preservation with (a) complete specimen integrated in the geometric morphometric study P634/1008 and specimens with altered proximal or distal articulations only used in linear morphometrics (b) P634/2293 (c) P553/1006 and (d) P553/1006.

Figure 6 Figure 7

 67 Figure 6 PCA on Procrustes residuals of extant wild and domestic geese (m=male, f=female) and archaeological specimens from Paris (P634 and P553), with scree plot of the eigenvalue distribution and thin plate spline deformation grids showing hypothetical extreme values at the end of the first two axes.
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