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Patterns of variability found in amphora production can help us understand the mech-
anism of social learning used in teaching individuals how to make amphorae. For in-
stance, some differences can be detected in the production technique through time and
space that might explain different degrees of cultural transmission.! Traditionally, we
detect three modes of transmission: vertical, horizontal and oblique. Vertical is when
techniques are transmitted from parents to offspring; oblique from individuals of one
generation to unrelated individuals of the next generation and horizontal between in-
dividuals of the same generation.? In archaeology, cultural transmission has been used
for studying the production of handmade pottery.> In our case, we want to know if
the modes of transmission could be similar to a more standardized pottery production
process typical of the Roman period.

The goal of this study is to analyze the transmission of technical skills among potters
within Baetica from the 1% to the 3™ century AD. We propose two questions: first, how
amphora production was organized and second, if it would be possible to establish
how the production techniques spread from generation to generation. Difficulties in an-
swering these questions are the lack of relevant written sources and uncertainty in the
data. To remedy the latter, we use concepts from an evolutionary framework, in order
to study the impact that social learning processes may have had on pottery production.
Specifically, we want to identify if the differences in the amphorae might reflect dif-
ferences in the transmission of learning due to the distance between workshops. To do
this, we test two hypotheses: 1. the variability in the morphometric traits is correlated
with the geographical distance (closer workshops have more contact) and 2. techniques
are only transmitted by vertical/oblique transmission at the beginning (from masters to
disciples).

In our study, we analyzed more than 400 samples of olive oil amphorae (Dressel 20)
from five different workshops. In each amphora, we measured eight different positions
on the rim. We calculated the mean of each measurement for all workshops and the
standard deviation of this mean for each workshop. We propose here an Agent Based
Model that implements a mechanism of pottery production subject to different social
learning processes or cultural transmission modes. Our goal is to quantify which one
of these learning processes might explain the distribution observed in our dataset. For
the model, we will take into account the two measurements with the highest variation
(H and D).

We define five workshops sharing the same production techniques. Each workshop
produces amphorae and changes their production techniques by modifying their own
techniques VT (Vertical/Oblique Transmission), or copying one from another workshop
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HT (Horizontal Transmission). We designed three models to test this influence: Model 1
is when VT is the predominant mode of transmission. The probability of copying be-
tween workshops is 0. For instance, workshop A and workshop B produce the ampho-
rae but they do not share techniques because there is no contact between them. Model
2 combines HT and VT (HT+HV(d)). The probability of copying is proportional to the
geographical distance. For example, two closer workshops, which produce amphorae,
will share more similar traits than more remote workshops, like C. In this case, distance
will be taken into account in the design of the model. In Model 3, the probability of
copying is equal between all workshops. The amphora produced by any workshops will
likely share similar traits because workers can copy techniques from any other work-
shop. Hence the distance is not relevant.

For each model, we ran 200 simulations lasting 30,000 time steps. At the end of the
model we measured the variation between all the workshops for our two measure-
ments of interest as we did with the empirical data. The results can be seen in Fig. 1. The
vertical red line represents the variation measured in the real dataset. The largest vari-
ation was located in the Model 1 (VT) instead of Model 3 (VT+HT) where the variation
is lower than our dataset. By contrast, Model 2 (VT+HT (d)) shows similarity with our
dataset (red line).

As preliminary results, the agent-based model allows us to quantify how different
transmission mechanisms may impact the variation of the amphora production. In the
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Fig. 1: Results obtained by simulation is given in VT (Model 1), VT+HT (d) (Model 2)
and VT+HT (Model 3). Red line correspond to the variation of the results of the mean
in our dataset. Image A is the measurement D whereas Image B is the measurement H.
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case of the model where VT dominated, the variation was higher: the techniques di-
verged more due to the isolation of the workshops where potters produce amphorae
with their different techniques. By contrast, when the transmission was not correlated
with spatial distance (HT), the variation was lower because all the workshops tend to
use the same techniques to produce amphorae. The dataset corresponds most to Model 2
(VT+HT (d)) when the distance is correlated. The results of Model 2 show that simply
adding a cost to social interaction proportional to the distance between workshops al-
lows the variation to be kept lower than when no interaction occurs, but enough to
correspond to what is observed in the dataset.

Empirical studies and the Agent Based Model show that variability is correlated with
geographical distance: the similarity of the traits increases or decreases depending on
the geographical distance among the workshops. The results suggest that the similarity
in morphological traits are produced by continuous contact between the closest work-
shops, as is the case in Model 2. This could be explained by the fact that pottery tech-
niques were learned from master to disciple at the beginning, and these potters were
exchanging their techniques with the nearest workshops. By using the model presented
here, a strong baseline can be set for the exploration of transmission processes related
to large-scale production.
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