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During the first millennium 4D, Europe saw much socio-environmental change, which is reflected in the
archaeological and palaeoecological evidence. Using published and new isotope data from across western
Europe, the author examines changing resource use from c. 4D 350 to 1200. The geographical limits of
millet and substantial marine consumption are identified and comparisons between childhood and adult
diets made across regions. Cross—cultural interaction at a broad scale is emphasized and patterns within
early medieval England form the subject of an in-depth case study. While doubt is cast onto the uptake of
marine resource consumption in England following the Fish Event Horizon, changes in agricultural prac-
tices, the impact of Christianization, and the role of freshwater fish in diets are explored. The author’s
hierarchical meta-analytical approach enables identy‘imtion of human—environment interactions, with

significant implications for changing foodways in Europe during the first millennium 4.
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INTRODUCTION

Between ¢. AD 350 and 1200, Europe wit-
nessed considerable movement of people,
ideas, and goods, reflecting cultural, reli-
gious, economic, and political change
detectable to a greater and lesser degree in
the archaeological record. In this article, I
consider issues of change and dynamism
by studying the isotopic signatures of
people buried in late Antique and early
medieval cemeteries, to capture socio-
environmental interactions and transitions
in the first millennium AD.

Everyone must eat and drink, and
hence consumption is central to under-
standing the socioeconomics of the past—
not just what people ate, but how they

obtained it, commercialized it, traded it,
stored it, cooked it, and thought about it.
Migrant groups often bring their foodways
and other cultural traditions with them,
and cross-cultural interaction can create
new hybrid foods and identities (Cook,
2008; Weller & Turkon, 2015).
Biomolecular archaeology gives us a
unique toolkit for studying foodways,
mobility, past individuals and their bodies,
and the contexts in which they lived. This
toolkit can be used at both individual and
population scales, which makes it very ver-
satile. 'Within biomolecular archaeology,
isotopic analyses use the chemical memor-
ies of past events stored in the tissues of
the dead to inform us about their lives,
helping us to better understand resource
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exploitation, agriculture, the economy,
foodways, and identity.

This article presents an integrated large-
scale meta-analysis of collagen isotopic data
for the first millennium AD in England and
western Europe. It is believed to be the first
of its kind at this scale: previous studies
have been smaller and more focused assess-
ments of isotopic data (e.g. O’Connell &
Hull, 2011; Mays & Beavan, 2012; Hannah
et al., 2018). The aim is to better identify
and assess the impact of major transitional
events such as changes in agricultural prac-
tice and the Fish Event Horizon'. Further,
the goal is to compare, contrast, and quan-
tify regional dietary variation for the period.
England is at the core of this study for two
reasons: it has the most isotopic data avail-
able for any region in the period between c.
AD 350 and 1200 and it has arguably been
more heavily affected by the events noted
above, making it an ideal case study to track
dietary transitions.

Basic PRINCIPLES OF STABLE ISOTOPE
ANALYSIS

Stable isotope analysis in archaeology is a
well-established technique. It is based on
the fact that different foods vary in their
isotopic compositions and that these can
be quantified (Gannes et al., 1998).
Collagen reflects the average isotopic com-
position of dietary protein consumed
during the period of tissue formation/turn-
over (Hedges et al., 2007).

Carbon stable isotope ratios can discern
between diets based on Cj plants and Cy4
plants and are useful in differentiating
between marine and terrestrial food
resources (O’Leary, 1988). Nitrogen stable
isotope ratios indicate the position of an
organism in the food chain, and increase
~3-5%0 per level of the food chain
(Bocherens & Drucker, 2003; Lucy et al.,
2009); 8'°N can also be altered by factors
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such as breastfeeding, pregnancy, and
periods of nutritional stress (Fuller et al.,
2005; Beaumont et al., 2015).

The carbon in enamel is derived from
blood carbonate, which in turn comes from
metabolism and is thought to represent
whole diet (protein, fats, and carbohy-
drates) (Ambrose & Norr, 1993; Tieszen
& Fagre, 1993; Hedges, 2003; Zhu &
Sealy, 2019). Calculating the differences
between enamel, bone, and dentine can
therefore narrow down trophic level and

dietary changes through life.

FirsT MILLENNIUM AD DIETARY
TRANSITIONS

Here, I focus on how isotopic signatures
record human—environment interactions,
how major socio-environmental change
may disrupt these patterns, and whether
these transitions were widespread in
western Europe. Indeed, events such as the
agricultural ‘revolution’ of the eighth to
thirteenth centuries AD, Christianization
(in the seventh—eighth centuries in
England), and the ‘Fish Event Horizon’ of c.
AD 1000 represent significant socio-economic
shifts that had an impact on foodways across
western Europe, including England.

The re-introduction of Christianity to
eastern England had political and eco-
nomic implications; it may have affected
diet, mainly through religious dietary laws
such as those of Wihtred of Kent (. AD
695) that imposed fines on those eating
meat during fasting (Whitelock, 1996). This
allows us to investigate orthopraxy through
the archaeological record (Barrett, 2003;
Knapp, 2018: 290-300; Reynolds, 2015).

The ‘agricultural revolution’ between the
eighth and thirteenth centuries AD saw an
increase in cereal production, and changes
to the types and quantities of crops culti-
vated, alongside technological innovations

like the mouldboard plough. This


https://doi.org/10.1017/eaa.2022.23

Leggett. - A Meta-Analytical Approach to Western European Diet

supported growing urban communities
and facilitated changes in power structures
across much of Europe, especially England
(Duby, 1997; Banham & Faith, 2014
Dyer et al., 2018; Hamerow et al., 2020).
The ‘Fish Event Horizon’ (FEH here-
after) constitutes another key dietary shift
evident in the zooarchaeological record of
Europe around ADp 1000 (Barrett et al.,
2004a, 2004b). It refers to a significant
increase in marine fish consumption com-
pared with earlier periods. Why there was
an avoidance of marine resources before
the ninth century is unclear, but it is likely
a mixture of socio-environmental factors
(Barrett et al., 2004a, 2004b, 2011;
Serjeantson & Woolgar, 2006; Reynolds,
2015: 230-96; Barrett, 2016; Orton et al.,
2017). Such a major shift towards marine
consumption should be evident in the
human isotopic data, but this has so far
not been studied with a large human iso-
topic dataset (Reynolds, 2015: 212-22,
295; Barrett, 2016; Miildner, 2016).
These large-scale transitions and human
adaptations demand a  broad-scale
approach, using meta-analytical methods
for compiling and analysing the data.
Computational meta-analyses are highly
complex and an emerging style of research
in archaeology; they are ‘neither quick nor
easy (Berman & Parker, 2002) due to the
challenges of data standardization, cross-
study comparisons, and the statistical diffi-
culties they pose (Greco et al., 2013; van
Wely, 2014). The following section briefly

summarizes the approach taken.

MATERIALS AND METHODS

The dataset comprises 5334 human isotopic
entries from twenty-six modern countries
and 200 sites (Figure 1). It is a subset of
the entire dataset described in detail in
Leggett et al. (2021), which includes further
bioapatite data not analysed here. While the

https://doi.org/10.1017/eaa.2022.23 Published online by Cambridge University Press

525

data used here are not comprehensive, with
some geographical and chronological gaps,
they do bring together the largest isotope
dataset for first-millennium AD western
Europe, using legacy data and newly gener-
ated isotopic data from England.

The regional designations in Figure 1 were
created to limit the use of current political
boundaries and the problematic use of ethnic
identifiers for past geo-political zones, while
also incorporating some of the environmental
and geological variation across Europe. The
zonation resulted from plotting the sites to
look for spatial clustering and adjusting these
with 8'%0 and %7/%6Sr isoscapes (Evans et al.,
2010, 2012, 2018; Bataille et al., 2020), as
well as cultural factors such as grave good
styles and linguistic aspects (for details see
Leggett et al., 2021).

Statistical analyses were performed
using Free and Open-Source R version
3.6.2 and RStudio version 1.2.5033
(R Development Core Team, 2017
RStudio Team, 2019). The code and data
are available at https:/doi.org/10.17605/
OSF.I0/6B8MZ. Full data compilation
and standardization details are available in
Leggett et al. (2021) and further details on
statistical analyses are available in the
online Supplementary Material.

Archaeological data are often subject to
strong biases (e.g. large differences in
sample sizes between groups), as is the case
with these data. These biases would violate
assumptions  for  common  statistical
approaches (e.gz. ANOVA and Student’s
t-tests; Zuur et al., 2010). Sampling design
was nested with varying levels of geograph-
ical designation (e.g. European region,
region within England, environment type,
site), varying numbers of sexes, genders, age
groups, and funerary treatments for indivi-
duals, and date ranges across locales. Given
the nested nature of the data, unsupervised
machine learning (UML) in the form of
hierarchical clustering was undertaken rather
than using partitioning clustering methods,
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Figure 1. Map af sites (after Leggett et al., 2021 ) analysed in this article, the tissues present, and

their geo-cultural regional designations.

which require user determination of the
number of clusters in the dataset (e.g. k-
means). I used Ward’s hierarchical agglom-
erative clustering method and the Ward2
algorithm (Ward, 1963; Murtagh &
Legendre, 2014; Kassambara, 2017). This
was cross-validated using thirty-two indices
(see Supplementary Material).

Hierarchical clustering was visualized as a
dendrogram showing the data structure and
proximity of individuals to one another
within this structure. The clusters were then
used to colour scatterplots for each tissue to
better highlight the isotopic niches they
represent. The clusters were also visualized
as stacked bar plots to show the proportion
of individuals in geo-cultural regions
assigned to different clusters, and vice versa
the proportion of individuals assigned to
clusters in different geo-cultural regions.

BEST (Bayesian Estimation Supersedes

the t-test) tests were used to compare
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between groups, run with R package
BEST (for more details see Kruschke,
2013 and Supplementary Material).

Burials were assigned to chronological
periods on the basis of radiocarbon dates
or numismatic evidence where available
and, when unavailable, grave goods (Hines
& Bayliss, 2013; Brownlee, 2019; Leggett
et al., 2021). Given the small sample sizes
for most regions, chronological analyses
were confined to England.

Bone and dentine data are presented sep-
arately below as few individuals have isotopic
data from both tissues, and so integrated
clustering would be extremely limited.

Foobpways AND DiET IN EUROPE DURING
THE FIRST MILLENNIUM AD

Isotopic characterization and comparison
across and within regions of western
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Europe were conducted to identify broad-
scale patterns in foodways and diets, rec-
ognize dietary differences and trends over
the first millennium AD, investigate the
impact of events such as the FEH, and
determine their geographical origins and
spread.

As outlined above, hierarchical cluster
analyses were undertaken for both bone
(n=4139) and dentine (n=931) collagen
813C and 8N values.

Bone data

The data structure and isotopic ranges of
the clusters can be seen in Figure 2.
Isotopic niches of the clusters are shown
in Figure 3. Cluster 1 represents C;-based
diets with a range of trophic levels.
Cluster 2.1 is distinguished by higher
8N,y values. Bone cluster 2.2 is distin-
guished predominantly by its less negative
813C.on values and lower 8°N.y values
compared to cluster 2.1.

A north-south trend in diets across
western Europe is clear in Figures 4 and 5.
The dominance of certain regions and areas
within these clusters may be useful for
human provenancing by foodways and
suggest where some of these foodways, in
particular marine food consumption, may
have originated.

Cluster 1 is particularly dominant in
‘Germanic’ areas of continental Europe,
Ireland, and Britain (especially England,
with 1899 out of 2917 samples in that
cluster). The North Atlantic islands and
Greece have over fifty per cent of indivi-
duals assigned to cluster 1, showing the
dominance of C; diets in these regions.

Cluster 2.1 indicates higher trophic
positions (and therefore includes possible
marine consumers). Figure 4 highlights
that Scandinavia and the Baltic dominate
this cluster, which supports a cultural
genesis of the FEH in Scandinavia
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(Barrett et al., 2004a, 2016; Barrett &
Richards, 2004). This cluster is the most
dominant in Atlantic and Arctic Norway,
the Baltic, Scotland, and the Scottish
Islands, but not significantly present else-
where. An absence of evidence for cluster
2.1 elsewhere is likely due to a lack of
access to marine resources inland.
However, many of the individuals in
cluster 2.1 have bone 8'3C_, values below
-18.5%o, and are dated from the seventh
century onwards. This may therefore be
better interpreted as a more generalized
nitrogen enrichment watershed, and not
solely a marine-based transition. Cluster
2.1 with its higher 8N, bone values
does not represent an ubiquitous marine-
based FEH across Europe; instead, it may
show an increase in meat consumption
more broadly, and possibly a FEH with a
greater freshwater component, as indicated
by the enamel 83C..p, values of some
individuals.

Cluster 2.2 is dominant in, and domi-
nated by, the Mediterranean and parts of
central and eastern Europe. First, this
shows the regionally distinctive consump-
tion of millet and other Cy4 crops introduced
from the Eurasian steppe (Lightfoot et al.,
2015; Hakenbeck et al, 2017; Amorim
et al., 2018; Vidal-Ronchas et al., 2019;
Filipovi¢ et al., 2020). Second, it indicates
interactions across the Mediterranean with
North Africa and the introduction of Cy4
plants through Iberia and the Balearic
Islands, probably via late Roman and
Islamic  influences  (Lépez-Costas &
Miildner, 2016; Guede et al., 2017; Alaica
et al, 2019; Alexander et al., 2019; Dury
et al., 2019; Garcia-Collado et al., 2019;
Jordana et al., 2019). Third, it represents
individuals who are exploiting lower trophic
level marine resources or consuming smaller
proportions of marine resources compared
with those in cluster 2.1 (Bourbou &
Richards, 2007; Bourbou et al., 2011; Dury
et al., 2019).
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Figure 2. Ward’s method (1963) hierarchical clustering dendrogram of first-millennium 4D western
European human bone §5C,y and 515M0,/ stable isotope values (n =4139).

The geographical boundaries for fifty per
cent or fewer inclusion in clusters 2.1 and
22 are in Scotland and Central
Europe, respectively. These resource or
foodways boundaries match historical and
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archaeological evidence, which shows these
regions to be key areas of contact with the
Viking and Steppe groups who are credited
with introducing the FEH and millet culti-
vation respectively (Barrett et al., 2004a;
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Figure 3. Scatterplot of 53¢,y and N,y of first-millennium AD western European human bone
coloured by cluster number determined by analyses illustrated in Figure 2.
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that Byzantine Greek diets were hardly
influenced by central Asian millet con-
sumption; instead, they are more based on
terrestrial C; plants and low-trophic
marine resources (Bourbou & Richards,
2007; Bourbou et al., 2011). Croatia is the
only region to be entirely dominated by
one dietary cluster (2.2). The algorithm
included many of the individuals in
Croatia that had signatures more consist-
ent with C; diets in cluster 2.2, perhaps
reflecting close similarities in this and
neighbouring populations or perhaps a
mixing of C; and C, resource consump-
tion and the limited sample size.

Hierarchical clustering of bone isotopic
values in England confirms the dominance
of foods from Cj; ecosystems. England’s
cluster profile in Figure 5 most resembles
the  Skagerrak-Kattegat-Jutland ~ Basin,
Frisia and Saxony, and Normandy/
Neustria. These regions are among
England’s nearest neighbours, with climatic
and environmental similarities. These three
neighbouring regions are areas with histor-
ically and isotopically attested migration
into England during our period and have
themselves seen migration from Norway,
Sweden, and the Baltic. Their environmen-
tal similarities and migrant histories may
thus  explain these dietary profiles.
Furthermore, among the individuals
assigned to clusters 2.1 and 2.2 in the data-
base, the Fennoscandian and Baltic routes
attested by these minority diets are even
clearer.

Cluster 2.1 individuals in England
mostly date from the eighth century
onwards and are buried in cemeteries with
known or suspected Scandinavian migrants
(e.g. St John’s College Oxford, and York),
or strong Christian ties (such as monaster-
ies or churchyards, e.g Caister-by-
Yarmouth and Raunds Furnells). These
individuals illustrate a dual aspect of the
FEH in England; that is, introduced

Scandinavian marine consumption and
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Christian foodways with fish and fowl
taking the place of other meats.

The interpretation of individuals in
cluster 2.2 in England is slightly more
complex. They are predominantly from
Late Roman cemeteries of the third to fifth
centuries AD, and hence represent markedly
different foodways compared to early medi-
eval sites. Twenty-two of the sixty-nine
individuals assigned to cluster 2.2 date to
the seventh to thirteenth centuries. Most
are from churchyard cemeteries in Norwich
and the Viking mass grave at Repton
(Bayliss et al., 2009; Jarman et al., 2018).
Their chronology and context place these
individuals into the category of marine con-
sumers who occupy a lower trophic position
compared to those in cluster 2.1, who may
also have consumed a high proportion of
C;  resources, which reflects both
Scandinavian and Christian foodways.

Dentine data

The same process was applied to human
dentine values to compare the signatures
from childhood and earlier life diets with
those obtained from bone. The dendro-
gram structure and isotopic ranges of clus-
ters for dentine are very similar to those
for bone, with two major branches
(Figure 6). This is then visualized as a
scatterplot in Figure 7.

Dentine cluster 1 is the largest, with
552 samples. It corresponds to bone
cluster 1 and represents Cs-based diets
across several trophic levels. Dentine
cluster 2.1 roughly equates with bone
cluster 2.2, and likewise has the smallest
sample size, with thirty-four samples.
Dentine cluster 2.1 is assumed here to
represent C,/marine based diets with a
SN,y value range similar to that of
cluster 1. Cluster 2.2 differs from the
other two groups for having higher
8N, values and equates with bone
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Figure 8. Proportion of individuals in each dentine §5C, .y and 8N,y cluster coloured by region.

animals fed on C,4 plants than those in
cluster 2.1, or had a mixed terrestrial/
marine diet.

The regional make-up of the clusters
and proportions of clusters are shown in
Figures 8 and 9. Due to the reduced
number of regions represented in the
dentine data, regional diversity in clusters is
not as high as that of bone. Nonetheless,
the dentine data support the findings from
bone, with a pattern running northwest-
southeast across Europe in both datasets.

Dentine cluster 1, representing the Cs;
terrestrial/freshwater consuming cluster, is
found in every region, although dominated
by England. The highest proportions are
found there, as well as in the Po Valley
and the Skagerrak-Kattegat-Jutland Basin.

Dentine cluster 2.1 comprises almost
entirely individuals buried in Croatia, with
a handful of instances from the Po Valley
and the Baltic. There is a clear difference
between the dentine and bone from the
Po Valley, which suggests a change from a
more Cs-based diet in childhood to con-
sumption of more C,4 resources later in

life. The Baltic is the only region with all

https://doi.org/10.1017/eaa.2022.23 Published online by Cambridge University Press

three clusters present, which mirrors its
isotopic variability for bone. However, one
individual assigned to dentine cluster 2.1
in the Baltic is an outlier for the region
and site, Triberga on the island of Oland
(Howcroft et al., 2012), and could
represent a migrant from one of the C,
consuming regions discussed here, or
turther afield.

Dentine cluster 2.2 is dominated by
individuals from England (255 out of 345
samples), the rest being present in
Scotland and the Fennoscandian regions.
The proportions of this cluster in each
region mirrors the trend for bone, with
higher proportions of people with N
enrichment found in Atlantic and Artic
Norway, and the Baltic. England and the
Skagerrak-Kattegat-Jutland Basin again
closely resemble each other. Individuals in
England assigned to dentine cluster 2.2
were predominantly buried in later
churchyards (e.g. Black Gate Newcastle or
Raunds Furnells) or from sites with
known Viking links (Ridgeway Hill).
There are six earlier individuals dating to
the sixth—eighth centuries AD. These
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Figure 9. Proportion of individuals in each region coloured by §2C.,y and 5N,y dentine cluster,

using the same colour scheme as Figures 6 and 7.

burials are outliers for their cemeteries in
this cluster assignment; perhaps they were
migrants as they are all older adults, and
bar one child from Southam (with an
earlier forming tooth), post-weaning teeth
were sampled.

Breastfeeding and weaning practices
could play a role in these signatures (Fuller
et al., 2006; Haydock et al., 2013), although
the similarities in values and the large-scale
geographical patterns presented above
suggest this had a minimal impact on the
overall results. For most regions, childhood
and adult diets appear very similar.

DiacHroNIC CHANGE WITHIN ENGLAND

To test the cause(s) for the isotopic vari-
ability presented above, the data for
England were assessed chronologically to
identify any changes in diet and align
them with the first-millennium transitions
outlined above.

Figure 10c shows much overlap
between diets in England across all three

https://doi.org/10.1017/eaa.2022.23 Published online by Cambridge University Press

chronological phases, but with noticeable
changes in 8N values. It is tempting to
equate the change in the period ¢. AD 790—
1066 and later as evidence for the FEH,
but, if we examine changes in 8°Ceon
(Figure 10a) and SN o (Figure 10b)
values separately, this interpretation is no
longer tenable.

A dietary shift from the Roman period
to the Early Middle Ages is evident in
both 8°C.; and 8N, values, with a
drop in 813C.y values at the end of the
Roman period, possibly reflecting a range
of culinary and economic changes in
Britain after the end of the western Roman
Empire (Rizzetto et al., 2017). The high
degree of overlap between the Roman and
post-Roman ‘bags and loops’ illustrated in
Figure 10c and d, however, supports theor-
ies that a high level of dietary continuity
(in terms of isotopic signatures) existed
between these periods (Banham & Faith,
2014; Sakai, 2017: 10, 151-53, 310-15).
This shift is backed by a BEST test, but
equates to a difference in posterior predict-
ive means of 0.73%o, which is not large.
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Figure 10. Bone collagen §C and 5N values from England through time. A) 6"C,,; values; B)
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n =229 for late eighth—thirteenth century (yellow). For plot D, n=176 and n=34 for teal and yellow

respectively.

The strong peak and overall shift in distri-
bution to more negative 813C.y values
nevertheless adds weight to the argument
that freshwater resource consumption
increased, and agricultural changes occurred
during the early Middle Ages.

The differences in distribution shape
and range show more variety in bone
813C, ;1 values for the later period, with a
C; diet of both terrestrial and freshwater
resources and no substantial or widespread
marine consumption in adulthood. The
bone 8N, data in Figure 10b shows
increasing means, maximum values, and
more positively shifted distributions over
time. BEST tests confirm that these shifts
are real, albeit small, around+1%o0 in
mean per period. This aligns with changes
seen in zooarchaeological, isotopic, and
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burial data from Kent, where changing
dietary = practices in  line  with
Christianization and changing worldviews
on death and the afterlife have been sug-
gested (Reynolds, 2015: 189-91, 278-
96; Knapp, 2018: 290-300; Brownlee,
2021; Leggett, 2021). The clear spike in
bone &N,y values from the eighth
century onwards is not accompanied by
the corresponding increase in 13C.n to
support a marine FEH in England close
to AD 1000, as previously argued (Barrett
et al, 2004a, 2004b; Barrett, 2016;
Miildner, 2016; Orton et al., 2017).
Nitrogen enrichment with stable carbon
isotopic values in post-Roman England
instead supports the notion that other
dietary changes took place, such as an
increase in the intake of freshwater/
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terrestrial protein, or agricultural innova-
tions that would increase 8"°N values in
cereal crops, as seen in the archaeobotani-
cal isotopic evidence from Stafford
(Hamerow et al., 2020). Crop isotope data
from Stafford (c. AD 800-1200) show *N
enrichment in all crops (barley, oats,
wheat, and rye) through time, with wheat
becoming less enriched in *C in the elev-
enth to thirteenth centuries, and other
crop 8"°C values remaining mostly stable
with some decrease in values. Alongside
the weed ecology and pollen data, the
investigators believe that this change is
due to crop extensification and the adop-
tion of the mouldboard plough to cultivate
more nitrogen-rich soils, and not to
manuring; moreover, such isotope values
were likely to be passed onto consumers
(Hamerow et al., 2020).

To investigate these possibilities,
ABC pameldentine values  (the difference
between 87C values of enamel and
dentine) were used to infer trophic level
and protein source. We would expect to
see values in consumer tissues increasing
with decreasing dietary protein (i.e. greater
in herbivores, smaller in carnivores;
Clementz et al., 2009); A13Cbioapaﬁte_c0uagm
values below 4%o are expected for indivi-
duals whose dietary protein was almost
entirely derived from aquatic (freshwater or
marine) sources given the data from eco-
logical models and humans from Jomon,
Japan (Clementz & Koch, 2001; Clementz
et al., 2007, 2009; Kusaka et al., 2015). For
the small proportion of individuals in the
period ¢ AD 790-1066 and later with
higher trophic levels (ABC e ameldentine
values of ~4%o), Figure 10d shows that
their 8"°Cy, values could indicate their
trophic position is due to B¢ depletion in
freshwater organism lipids (Robson et al.,
2016; Taylor et al., 2017; Guiry, 2019).
This would affect the 8'3C.,, values over
813C.y in consumers due to differential
dietary routing. This is also observed in the
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earlier period (¢ AD 350-790), with a
strong trend in both broad periods. A high
degree of overlap between these two
periods, with a high degree of variability in
diets in the earlier period, is not as evident
in Figure 10b and ¢, where chronological
change from ¢. AD 790 is more apparent.
While I agree with Mildner (2016)
that there is no evidence for any large-
scale marine consumption in the post-
Roman/pre-Viking periods, I would go
further: aside from a few outlying indivi-
duals with some tenuous marine dietary
signatures, there is also no evidence from
multi-tissue analyses for the FEH in
England up to the eleventh century. For
bone, 119 out of 2023 §'3C and 5°N sig-
natures in England are classified by UML
as belonging to bone cluster 2.1 or 2.2
(marine/Cy diets); forty-nine of these are
late Roman and a further twenty-three are
juveniles from Raunds Furnells, and prob-
ably  represent osteological  paradox
(physiological stress leading to untimely
deaths, which is known to alter isotopic
values) and breastfeeding signals rather
than marine consumption (Fuller et al,,
2005; Beaumont et al., 2015; DeWitte &
Stojanowski, 2015). Many of the remain-
ing forty-seven examples in clusters 2.1
and 2.2 have strong Scandinavian ties and
are assumed to be migrants (Ketton
Quarry, Repton, St John’s College,
Oxford) with signatures seemingly largely
extraneous to England. For the fifty indi-
viduals with bone 8°C and §°N values
confidently dated to AD 1000-1400,
strong marine dietary signatures are not
the norm (only five individuals from York
dating to ¢. AD 1050-1200 are categorized
as having cluster 2.1 bone signatures; see
Leggett et al, 2021), but more post-AD
1000 samples are needed. The key point is
that multi-isotope and multi-tissue evi-
dence in various combinations, and the
use of these to create tissue offsets and
enrichment factors, can contribute to a
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better assessment of trophic levels and
show freshwater resource consumption;
and the application of UML on these
large datasets can classify dietary signatures
a priori.

When we use traditional biplots, bag-
plots, or even separate out the tissue by
element, it is easy to make convincing
arguments for the FEH in England; but
the lack of a marked increase in bone
8"C through time, and tissue enrichment
factors alongside enamel carbonate, indi-
cates that this shift in §°N_y values post-
AD 790 is not in fact a marine FEH.
There is clear isotopic evidence for fresh-
water resource consumption that matches
fish bone assemblages from London,
where catch per unit increases in the
seventh century AD (Orton et al., 2017).
Zooarchaeological evidence for both fresh-
water and marine species spikes consider-
ably around AD 1000 in London and other
parts of Britain, which is not fully sup-
ported by the human isotopic evidence
here (Barrett et al., 2004a; Barrett &
Richards, 2004; Serjeantson & Woolgar,
2006; Reynolds, 2015: 80-115, 212-22,
237-38; Orton et al., 2017).

How can we reconcile this? There is
evidence for freshwater consumption,
more so in ¢. AD 350-90, and a significant
number of individuals in both parts of the
(early) medieval period with low trophic
enrichment factors. What could be
causing the mismatch between high
8N values (from either tissue) above
~8%o, with ‘herbivorous’ A™C, mel-dentine
values in some individuals? One possible
explanation comes from Stafford, where
extensification practices causing crop 15N
enrichment and minor *C depletion,
passed onto human consumers, could
cause the patterns seen here. To explore
this hypothesis, further analysis of human,
wild herbivore, and plant isotopes from
the same site would be needed. If the
increased demand for marine fish seen in
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the zooarchaeological evidence comprised
less than twenty per cent of whole diets,
the signature would be isotopically and
metabolically swamped by terrestrial/fresh-
water signatures and hence invisible in the
collagen signatures presented here. This
may point to a more plant-based explan-
ation for changes in diet over time.

CONCLUSIONS

A meta-analytical approach to categorizing
human isotopic niches highlights the need
for multi-tissue studies when considering
diet. The outcomes from using UML
methods also underline the need to recon-
sider how statistics are used in archaeo-
logical stable isotope studies. While some
of the trends identified here may seem
intuitive, UML allows isotopic data users
to explore clustering a priori, removing
user determination. This makes it possible
to avoid biasing cluster construction and
ensures more robust archaeological inter-
pretations of cluster patterning.

The clear north-south trend in bone and
dentine dietary signals across Europe indi-
cates that more marine-based diets in
Scandinavia were introduced further south
through settlement, and that C4 crops and
migrants with substantial C, diets gradually
came from the east. Most people in
western Europe, however, had a C;-based
diet in both childhood and adulthood.
Nitrogen enrichment over time in England
cannot be linked directly to the FEH.
Instead, the diachronic change observed
supports the notion that foodways changed
under the influence of Christian orthopraxy
and the agricultural revolution of the eighth
to thirteenth centuries, reflecting changes
in both the economy and in worldviews.
The first millennium AD and the early cen-
turies of the second millennium was a time
when complex societies were in sustained
cross-cultural contact, forming part of large
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sub-continental networks that influenced
change in material culture, foodways, and

thought.
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Une approche méta-analytique hiérarchique pour appréhender I'évolution de
l'alimentation au cours du premier millénaire apr. J.-C. en Europe occidentale

Un grand nombre de changements dans le milieu socio-environnemental se reflete dans la documenta-
tion archéologique et paléoécologique du premier millénaire apr. J.-C. en Europe. Sur la base d'indica-
tions publiées et de nouvelles données isotopiques provenant d'Europe occidentale, I'auteur de cet article
examine comment ['utilisation des denrées alimentaires sest transformée entre environ 350 et 1200 apr.
J-C. ; elle identifie l'aire de distribution du millet, évalue limportance dune consommation de
ressources marines et compare les différences régionales entre lalimentation des enfants et des adu/tfs.
Elle met l'accent sur les interactions culturelles a grande échelle et traite I'Angleterre du haut Moyen Age
dans une étude de cas approfondie. Elle remet en cause la consommation des ressources marines en
Angleterre apreés le « Fish Event Horizon » et examine les changements perceptibles dans les pratiques
agricoles, l'influence de la christianisation, et le vole des poissons deau douce dans l'alimentation. Son
approche méta-analytique hiérarchique lui permet dexplorer les relations entre humains et leur environ-
nement et de déceler des conséquences importantes pour lalimentation en Europe durant le premier
millénaire apr. J.-C. Translation by Madeleine Hummler

Mots-clés: Haut Moyen Age, isotopes, nutrition, alimentation, identité, apprentissage
automatique

Ein hierarchischer, meta-analytischer Ansatz zur Frage der wechselnden Ernihrung
in Westeuropa im ersten Jahrtausend n. Chr

Die archiologischen und palio-ckologischen Angaben des ersten Jahrtausend n. Chr. widerspiegeln erbe-
bliche Verinderungen in der sozialen und umweltlichen Gestaltung Europas. Auf der Basis von
verdffentlichen und neu erarbeiteten Daten aus Westeuropa untersucht die Verfasserin, wie sich die
Ressourcennutzung zwischen ca. 350 und 1200 n. Chr. verindert hat. Die Verbreitung von Hirse und
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der Verbrauch von wesentlichen Meeresressourcen werden bestimmi und die Erndbrung von Kindern
und Erwachsenen werden regional wverglichen. Interkulturelle Beziehungen auf einer breiten Ebene
werden herausgehoben und eine ausfiibrliche Fallstudie betrifft England im Frihmittelalter. Die
Aufna/)me von Meeresressourcen nach dem , Fish Ewvent Horizon“ wird bezwey%lt und die
Verinderungen in der Landwirtschaft, der Einfluss der Christianisierung und die Rolle wvom
Siiffwasserfisch in der Erndhbrung werden untersucht. Die Anwendung einer hierarchischen, meta-ana-
Iytischen Methode erlaubt der Verfasserin, Interaktionen zwischen Mensch und Umwelt zu bestimmen
und bedeutende Auswirkungen auf wechselnde Erndhrungsweisen im ersten Jabrtausend n. Chr. in
Europa zu erkennen. Translation by Madeleine Hummler

Stichworte: Frihmittelalter, Isotopen, Nahrung, Erndhrungsweise, Identitit, maschinelles Lernen

https://doi.org/10.1017/eaa.2022.23 Published online by Cambridge University Press


https://doi.org/10.1017/eaa.2022.23

	A Hierarchical Meta-Analytical Approach to Western European Dietary Transitions in the First Millennium ad
	Introduction
	Basic Principles of Stable Isotope Analysis
	First Millennium ad Dietary Transitions
	Materials and Methods
	Foodways and Diet in Europe during the First Millennium ad
	Bone data
	Dentine data

	Diachronic Change within England
	Conclusions
	Acknowledgements
	Supplementary Material
	References


