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Introduction

In their critique of our paper (Krause-Kyora et al 2013), Rowley-Conwy and Zeder focus on
two primary issues. Firstly, they discuss issues associated with the terminology and
definitions of animal domestication. Secondly, they question the techniques we employed to
explore it. While we completely agree with their points related to terminology, we feel they
have misunderstood both the principals and application of shape analyses using geometric
morphometrics, and that this misunderstanding undermines their criticism. Having said that,
and though our differences are easily overstated, our respective interpretations of the data
presented in Krause-Kyora et al (2013) overlap significantly.

Problems of concepts and terminology in domestication studies

We completely agree with Rowley-Conwy and Zeder that domestication is neither a simple
nor instantaneous process, and that the traditional terminology used in studies of
domestication often precludes an appreciation for the biological process (Larson and Burger
2013; Dobney and Larson 2006). Numerous authors have previously described multiple
pathways to animal domestication (e.g. Zeder et al. 2006; Zeder 2012; Vigne 2011) and there
is general agreement that the process is complex and that its identification in the
archaeological record is often problematic. Identifying wild and domestic forms of Sus scrofa
in zooarchaeological assemblages is especially challenging since wild boar have a pan-
Eurasian (Old World) distribution.

The lack of specific terminology to describe different steps along domestication trajectories
has clouded efforts to study, appreciate and communicate intermediate stages and status
calls. In addition to ‘wild’ and ‘domestic’, concepts such as ‘proto-domestication’, ‘pre-
domestication’, and ‘semi-domestication’ have been used to describe early steps or
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intermediate status in the process of animal domestication. In addition, because
domestication occurs at the population level, identifying the status of individuals along the
domestication trajectory is problematic.

Although zooarchaeologists have traditionally used size as a tool to distinguish wild and
domestic forms of Sus scrofa (and other domesticates), several authors have emphasised the
“inadequacy of using size alone” (e.g. Albarella et. al. 2006). Despite these reservations, the
dichotomous framework in which small bones are considered domestic and large ones wild
boar is frequently employed.

From a biological perspective, an animal that does not show all the characteristics of either a
wild or domestic individual cannot strictly be considered one or the other, and many
individuals fall into an uncertain middle ground based upon genetic, phenotypic, physiologic
and behavioural characteristics. In Krause-Kyora et al (2013), we admit that our terminology
was not as clear as it could have been, and that the use of words such as ‘possess’ led
academics and the media to misinterpret or overly state our conclusions. For the record, we
sought only to present evidence that several large Sus scrofa specimens (that would have
been identified as ‘wild’ on the basis of size alone) also possessed a series of phenotypic and
genetic traits that revealed definitive elements associated with a domestic ancestry. Since
continuous gene-flow between wild and domestic populations probably played a significant
role during early pig domestication and its human-mediated dispersal history (Larson &
Burger, 2013; Marshall, Dobney, Denham, & Capriles, 2014), we feel it is more interesting to
explore the ramifications of this mixed ancestry than to assign one of two dichotomous
status calls.

We would also like to emphasise that any attempt to explore and assess the complexity of
domestication using new approaches should not be interpreted as an attack against
traditional, well-established techniques (or the “experienced archaeologists” - Rowley-
Conwy and Zeder, p: 6, who practice them). Instead, we feel that adding to the tool kit
available to zooarchaeologists presents more opportunities to explore our understanding of
one of the most important bio-cultural transitions in human history.

Analyses of molar size and shape

In their criticisms of the methodology we used to explore shape analyses, Rowley-Conwy and
Zeder comment on two of our previously published papers (Evin et al. 2013; Evin et al.
2014), both of which explored the morphometric differences between modern wild and
domestic pigs. In general, they suggest that in those papers we dismissed traditional
biometrics.

We disagree with this claim. Instead of replacing more standard approaches, our aim is to
establish the limits of traditional morphometrics (Evin et al 2013; Evin et al. 2014) and
expand the ability of morphological datasets to capture and study complex cranial and dental
remains using geometric morphometrics (GMM). GMM is becoming a powerful tool for
studying prehistoric animal domestication, commensalism and geographic dispersal. The
methods have already been employed on a range of species such as pigs (Cucchi, Fujita, and
Dobney 2009; Cucchi et al. 2011; Krause-kyora et al. 2013; Ottoni et al. 2013; Evin et al.
2013; Evin et al. 2014; Larson, Cucchi et al. 2007, Evin et al. in press), horse (Seetah, Cucchi,
Dobney, & Barker, 2014), house mouse (Thomas Cucchi et al., 2013; Valenzuela-Lamas,



Baylac, Cucchi, & Vigne, 2011) and common voles (Martinkova et al. 2013; Cucchi etal. in
press).

GMM techniques possess numerous advantages, the principal one being an ability to study
the geometry of an object (Rohlf & Marcus, 1993). Using GMM, we have already established
that molar shape is more accurate than molar size when distinguishing between modern wild
and domestic Sus scrofa (Evin et al. 2013). This conclusion was based upon a comparison of
the same set of specimens based on their size (measured using traditional metrical values of
maximum tooth length and width), centroid size (a normalized metric value commonly used
in GMM) and shape. We demonstrated that only 77.9-87.5% of the specimens could be
identified correctly (as wild or domestic) using maximum tooth length alone, while the
results of a shape analysis correctly identified the status calls of 92.0-93.0% of the same
specimens. Because decades of research have also produced large datasets of traditional
metrics that only explore size variation (and because GMM is not yet routinely applied by
archaeologists), we developed more statistically controlled and objective sets of criteria
(including error risk assessments) to help identifying Sus remains based on traditional
(linear) size measurements (Evin et al. 2014).

Interestingly, some of the Mesolithic specimens from the sites of Bloksbjerg and Sludegaard
depicted in Figure 2 of Rowley-Conwy and Zeder’s reply (which they interpret as wild boar)
have relatively small molars. The size values of individuals from these two sites overlap with
specimens from the Neolithic (interpreted as domestic pig), suggesting that these Mesolithic
specimens may also have ancestry not wholly derived from Scandinavian wild boar (see
below).

Rowley-Conwy and Zeder also criticised our use of modern wild boar from a wide geographic
range as an interpretative baseline, suggesting that the variation across a large geographic
area could explain the low proportion of specimens correctly identified on the basis of their
size alone. It is important to note that the analyses of size and shape were made on the
identical set of specimens, and that shape results were always more accurate than size for
identifying the status of the specimen, independent of their provenance. Rowley-Conwy and
Zeder also wrongly compared frequency values that correspond to different things. One
percentage value was the proportion of correctly re-identified specimens based on our full
datasets, and the other value was the percentage of archaeological specimens identified as
domestic pigs. A direct comparison of these values is inappropriate. Used correctly, GMM is a
powerful tool that can reveal greater resolution when assessing phenotypic changes linked
with domestication and, as such, is likely to become a standard tool in zooarchaeology.

Why specimen E24 from Grube-Rosenhof (Ertebglle culture) is not a wild boar:
Krause-Kyora et al. (2013) assessed the status of LBK and Ertebglle suids from Northern
Germany using three approaches (where possible) on the same specimens. These included
coat colour expression identified using sequences of the MCIR gene, a phylogeographic
interpretation using analyses of mtDNA variation, and molar size and shape using both
traditional and geometric morphometrics.

Coat colour

Though numerous MC1R alleles have been identified in Sus scrofa, wild boar possess only
synonymous substitutions (that produce the same protein coding for camouflage coats),
while domestic pigs possess several different non-synonymous mutations responsible for the



varied coats found in domestic stocks (Fang, Larson, Ribeiro, Li, & Andersson, 2009).In a
recent study of coat colour amongst free-ranging wild boar at a breeding station,
Koutsogiannouli et al. (2010) identified hybrid individuals that possessed both a wild and a
domestic allele. Because the E24 specimen is homozygous (possessing two copies of the EP
allele) it is unlikely to have been a first generation hybrid between a European wild boar and
a domestic pig since there is a strong selection against domestic alleles in wild populations
(Fang et al 2009). These data suggest that this specimen had likely been recently living in a
domestic context, even if a proportion of its ancestry derived from wild boar incorporated
into domestic stocks.

Phylogeography

The mitochondrial haplotype Y1, carried by the E24 specimen, has never been observed
either in Mesolithic (assumed pre-domestic) nor modern European wild boar (Larson et al.
2005; Larson, Albarella, et al. 2007; Ottoni et al. 2013; Evin et al. 2014). Ancient DNA studies
strongly suggest that this haplotype was introduced to Europe from the Near-East during the
Neolithic transition (Krause-kyora et al., 2013; Larson, Albarella, et al., 2007; Ottoni et al,,
2013). The haplotype Y1 was subsequently replaced in Europe by at least 3900 cal. BC
(Larson, Albarella, et al.,, 2007) by local European haplotypes (probably through a process of
extensive admixture with local wild boar). Again, the presence of this mitochondrial
signature suggests that E24 derived at least in part from domestic stocks.

Molar size and shape

We compared the size and shape of molar E24 with our published (Krause-Kyora et al. 2013;
Evin et al. 2013; see above) modern German wild and European domestic Sus scrofa dataset.
Using size, E24 is indeed large and possesses values close to the average size of modern wild
boar from central Europe. From a shape perspective, however, the GMM results
demonstrated that E24 was more similar to modern domestic pigs. Because modern first
generation hybrids between wild boar and domestic pigs possess molar sizes more similar to
the domestic variants and certainly smaller than wild boar (Fig. 1, Evin et al. in press), the
fact that E24 is large suggests, if it was a hybrid, it was not a first generation cross.

Taken together, both genetic and shape data clearly support our conclusion that E24
acquired a significant portion of its ancestry from domestic pigs. Only its large size
contradicts this assumption. If this animal was a hybrid, it remains difficult to say either
what proportion of its ancestry derived from wild or domestic stock, or when hybridisation
actually took place. Several authors have recently highlighted the importance of continuous
and multi-directional gene flow during the domestication (and dispersal) of pigs and other
mammal domesticates (Larson & Burger, 2013; Marshall et al,, 2014). It is therefore no
surprise that some zooarchaeological specimens possess a complex suite of phenotypic traits
associated with both wild and domestic populations. Specimen E24 is one such specimen,
underscoring the necessity to move beyond mutually exclusive status calls.

Conclusion

Zooarchaeologists have wrestled with questions related to identifying and defining domestic
animals for decades (Zeder, Emshwiller, Smith, and Bradley 2006). Although we share (and
agree with) the concerns articulated by Rowley-Conwy and Zeder relating to the problems
associated with terminology to define the complex trajectories of the domestication process,
the recent evidence for long-term gene flow between wild and domestic populations
highlights the increasing lack of satisfaction of working within a framework that only makes



use solely of dichotomous, mutually exclusive terminology. Such a framework continues to
restrict our ability to fully understand and unravel the more intricate and continued
interplay that exists between the cultural and biological aspects of domestication.

We did not intend to suggest in Krause-Kyora et al 2013 that later Mesolithic communities
kept and reared domestic pigs. Instead, we presented evidence that one of the large Sus
scrofa specimens (E24) found in a clear Erterbglle context at the site of Grube-Rosenhof
possessed multiple characteristics associated with a domestic ancestry, and that its status
raises intriguing questions about the nature of interaction between farmers and hunter-
gatherers and between early Holocene European wild boar and (introduced) Neolithic
domestic pigs.

Lastly, we maintain that some of the specimens from prehistoric Northern Germany (Krause-
Kyora et al 2013) represent not only the first animals with clear evidence of a domestic
ancestry definitively identified from a Mesolithic site in continental northern Europe, but
also direct (proxy) evidence for the earliest presence of domestic animals in the region.
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Fig. 1: Log transformed centroid size of the lower M3 for modern German wild boar,
European domestic breeds and first generation hybrids.
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