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Preface

his volume represents the proceedings of a conference held

in December 2020 on the theme of ‘New Perspectives

on the Medieval “Agricultural Revolution™. The idea for
the conference grew out of a project funded by the European
Research Council, based at the Universities of Oxford and Leicester,
called ‘Feeding Anglo-Saxon England: The Bioarchaeology of an
Agricultural Revolution” (FeedSax).! Both project and volume focus
on a long-standing debate about the role and timing of the techno-
logical improvements in farming that occurred between c.800 and
1300, which — aided by a warming climate — fuelled population
growth, urban expansion, and a proliferation of markets not only in
England, but across much of Europe. The origins of the project lie in
the conviction that our understanding of these developments, which
has relied on indirect evidence for early medieval farming — such as
charters, post-medieval maps, manuring scatters, and place-names
— could be significantly advanced by generating direct evidence for
the conditions in which medieval crops were grown, using scientific
methods to analyse the remains of plants and livestock from archae-
ological contexts.

The FeedSax project began in 2017 and by the end of 2020
had generated enough results to warrant presenting these to a wider
audience. The conference also provided an opportunity to consider
our results within the context of innovative research into early
medieval (and Roman) farming being carried out by colleagues in
the UK and elsewhere in Europe. We had originally planned to hold
the conference in Oxford with around so attendees, but the pandemic
led to a radical altering of these plans, and the conference — like so
much else — took place online. While much was undoubtedly lost,

1 The FeedSax project is supported by the European Union’s Horizon 2020
research and innovation programme under grant agreement no. 741751
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above all face-to-face discussions with friends and colleagues, there
were also clear gains: the conference was attended by over 400 people
from more than 20 countries, giving it an incomparably wider reach
than we could ever have imagined. We are enormously grateful to
the speakers, session chairs, and all those who attended and offered
valuable insights, despite the limitations and frustrations of online
‘Q&A.

In addition to the present volume, the results of the FeedSax
project are being published in a series of journal articles (including
Hamerow et al., 2020; Holmes et al., 2021b), but primarily in a
project monograph (Hamerow et al., in prep.), which integrates
results from a wider range of case studies with insights from national
datasets and builds upon the selected initial results presented in this
collection. The monograph will be accompanied by an open-access
data archive held by the Archacology Data Service (McKerracher
et al., forthcoming).

The chapters in Part I of this volume present early results from
the FeedSax project and should be regarded as interim statements
of work in progress. Entitled ‘Unpacking the “Mouldboard Plough
Package™, it shows how the medieval ‘agricultural revolution’ can
be broken down into functional elements — such as crop rotation
and use of the heavy plough — and addressed using a range of
science-based methods. Part II, ‘Revolutions Revisited’, presents the
work of colleagues whose diverse approaches and perspectives —
encompassing experimental archaeology, farming in Roman Britain
and the Frankish world, the novel paradigm of syntironomy, a unique
case study in eastern England and a critical review of ‘revolutions’ in
English agricultural history — contextualize and enrich the findings
generated by FeedSax.

While this collection is not intended to present any unified
conclusions, certain key themes emerge from the papers. For instance,
the importance of a practical and integrated perspective on crop
and animal husbandry is demonstrated repeatedly (e.g., in papers by
Stroud, Forster and Charles, Kropp, and Williamson): crop, stock
and furrow prove ultimately to be inseparable. Equally, the powerful
influence of environmental conditions — topography, geology, soils
— upon agricultural practices becomes apparent time and time
again (e.g., in papers by Bogaard et al., Holmes, McKerracher, and
Williamson); but wider socio-economic and cultural factors should
not be underestimated (e.g., papers by Lodwick, Faulkner, and
Caroe). Meanwhile, crop diversity seems increasingly important, with
oats, rye and spelt playing significant roles alongside bread wheat and
barley in different parts of north-west Europe; the contrast with the



restricted crop repertoire of the Roman period is striking (see papers
by Forster and Charles, Lodwick, and Schroeder).

Above all, every paper demonstrates how monolithic perspectives
of an ‘agricultural revolution’ are increasingly moribund. Only by
unpacking and disentangling the constituent parts of medieval
farming — such as heavy ploughing, livestock management, crop
diversity, rotation, extensification and settlement structure — can
we apply new methods and concepts, and so break the impasse (see
Hamerow, this volume).

The editors are grateful to the anonymous reviewers for their
invaluable and insightful feedback, and to Clare Litt of Liverpool
University Press for her enthusiasm and efficiency in seeing this
project through to publication. Archacological investigation, as
represented in this volume, is an inherently collaborative endeavour,
and individual authors have provided more specific and detailed
acknowledgements within their papers.

As this volume neared publication, we learned with sadness that
one of our contributors, Dr Neil Faulkner, had passed away. Members
of the FeedSax project benefited greatly from collaboration with Neil,
and we will miss his generosity, enthusiasm and intellectual energy.
In an email exchange after the conference, passionately setting out
his perspective on the Mid Saxon economy, Neil declared: ‘T just love
debate. It makes life worth living.” In that spirit, we hope that this
volume will help to energize and propel the medieval ‘agricultural
revolution’ debate for many years to come.

Preface
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I Unpacking the ‘Mouldboard Plough Package’:
The Feeding Anglo-Saxon England Project






1 The ‘FeedSax’ Project: Rural Settlements
and Farming in Early Medieval England

Helena Hamerow

Introduction to ‘FeedSax’: cereal farming, population growth and
wealth disparities in early medieval England

During the early Middle Ages, England’s population, like that of
much of Europe, grew steeply, from around 1.7 million in 1086' to
around 4.8 million in c.1290 (Broadberry et al., 2015). How medieval
farmers managed to produce enough cereals to sustain this remarkable
growth — which fuelled a major expansion of towns and markets —
and the impact of this ‘cerealization’ on the landscape, settlement
patterns and communities of England, have been debated for many
decades (Williamson, 2018). The overall aim of the project ‘Feeding
Anglo-Saxon England: The Bioarchacology of an “Agricultural
Revolution™ (hereafter, FeedSax) is to generate new evidence that
can be brought to bear on these debates.

The period in question saw the advent of new forms of cereal
farming capable of yielding regular, large surpluses, ultimately
enabling landowners to amass wealth by exploiting the labour of

I am grateful to Debby Banham, John Blair, Ros Faith and the anonymous
reviewers for their comments and insights on an early draft of this paper.

1 This figure is itself likely to represent significant growth since the fifth to
seventh centuries, although population estimates for these earlier centuries
are notoriously unreliable, and even population figures based on the
Domesday Book are contested. One recent calculation undertaken for
the Netherlands — based on a range of archaeological proxies — estimates
that the region saw an overall population decline of between 70 per cent
and 8o per cent during the fifth to ninth centuries (Groenewoudt and van
Lanen, 2018).
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others.? By 1066, there were thousands of such landowners with
their own estates, prospering from the cereal surpluses produced by
peasant labour. Indeed, cereals possess certain qualities that make
them particularly attractive to the rent-collector: they are harvested at
predictable times of year and are easily stored, transported, measured
and divided up (Scott, 2017, 129—30). A link thus existed in medieval
Europe, as in prehistory, between the expansion of cereal cultivation
and the growth of wealth inequalities (Kohler et al., 2017; Bogaard
et al., 2019). Furthermore, not only are cereals readily taxable, but
a unit of land sown with cereals will feed many more mouths than
the same land unit used to graze livestock (Spedding et al., 1981, 355).

Early medieval farmers appear to have expanded cereal
production largely by adopting increasingly extensive, low-input
forms of farming. This involved increasing the area of land under
cultivation while decreasing the amount of ‘input’ — manure and
human labour — per land unit.’ Expanding the amount of land under
cultivation allowed overall yields to increase even while productivity
per land unit decreased. In many regions of Europe, including around
a third of England, this ‘extensification’ of cereal farming culminated
in a variety of regular and irregular open-field systems, ‘in which the
arable land of different proprictors lay intermingled, as unhedged
strips’ (Williamson, 2018, 5). While the establishment of open fields
was undoubtedly one of the transformative changes of the Middle
Ages, they were only one element of what has often been referred to
as an ‘agricultural revolution’, not its inevitable outcome (cf. Banham
and Faith, 2014).

The idea that the changes in farming seen in this period amounted
to an ‘agricultural revolution’ is widely regarded as problematic, not
only because it implies rapid change catalysed by innovation — which
is difficult to demonstrate from the available evidence — but also for its
technological determinism (Sawyer and Hilton, 1963). The term can,
nevertheless, be useful ‘when a number of improvements in separate
areas of the farming system co-occur as a complex’ and when their

2 This need not imply, however, that these new ways of farming were initiated
by landowners, and it is important to recall that most production would have
been peasant production (Banham and Faith, 2014). The material analysed
by FeedSax derives from a range of settlement types from royal centres to
peasant farms; much comes from land that was in monastic hands, but some
comes from settlements whose status is uncertain.

3 The term ‘low-input’ refers to the ecological conditions in arable fields. Thus
‘extensive’ systems were low-input from the perspective of the crops and
weeds that grew in those fields, not of the people who laboured in them.



impact on society is of sufficient magnitude (van der Veen, 2010,
1). It is best understood in an early medieval context not to refer
to a ‘great leap forward’ impelled by technology, but rather to the
cumulative impact of a series of innovations and changes, including
incremental developments, or what van der Veen (2010) has called
‘micro-innovations’. Some of these may have had a long gestation. The
mouldboard plough, for example, was a key element in the transfor-
mation of early medieval farming. Its presence in seventh-century
England has been demonstrated by the discovery of a distinctive type
of coulter at the royal site of Lyminge in Kent (Thomas et al., 2016),
but it is unlikely to have come into widespread use until the tenth or
eleventh century, when a ‘tipping point” appears to have been reached
and large numbers of farmers decided the time had come to invest in
this technology (see below).*

There can be little doubt that the expansion of early medieval
cereal farming fuelled the rise of lordship as well as the growth of
towns and markets, but no consensus has been reached regarding
several key questions. Was there a period of ‘revolutionary’ change,
or instead a more gradual, piecemeal process of cerealization? Was the
‘extensification’ of cereal farming primarily a response to top-down
pressure from lords demanding ever larger surpluses, or was it
bottom-up, originating in peasant households? To what extent were
key innovations such as the mouldboard plough and systematic crop
rotation linked with each other and with field and settlement form?
After more than a century of research, we have arguably reached an
impasse regarding these questions. A major obstacle to progress is the
lack of direct, closely dated evidence for early medieval fields and for
the conditions in which crops were grown, especially for the period
prior to 1000. The evidence that is available — manorial accounts,
scatters of pottery sherds associated with manuring, place names,
post-medieval maps, etc. — is indirect and can be interpreted in
different ways. Much of the written evidence, furthermore, post-dates
the key period of change and presents farming practices as seen
through the eyes of officials who administered open-field cultivation
on behalf of landowners. The data generated by FeedSax, on the other
hand, derive from the remains of early medieval crops, arable weeds,
pollen and livestock, and therefore provide direct — if not always
straightforward — evidence of the conditions in which early medieval

4 Over 80,000 plough teams are recorded in the Domesday survey, although it
is impossible to know whether this represented a similar number of ploughs
or was primarily a convenient way of counting plough beasts (Darby, 1977,
336).

The ‘FeedSax’ Project
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crops were grown and livestock raised, enabling us to address these
questions from a different perspective.

Reconstructing medieval cultivation regimes from
bioarchaeological remains

The FeedSax project uses a multi-proxy approach, comparing results
from several different forms of primary evidence to enable a more
robust reconstruction of farming regimes than would be possible
from a quantitative study of cereal grains alone.” Grains preserved by
accidental charring provide quantitative data that allow changes in
the range and ratios of crop species to be traced and chronological and
regional patterns in crop preferences to be identified (McKerracher,
this volume). The molecular signatures of these grains, namely ratios
of stable carbon and nitrogen isotopes, can be analysed to establish
whether and how intensively crops were manured, if they were grown
in rotation in the same fields, and whether they grew in wetter or
drier soils (Stroud, this volume). The crop stable isotope results can
be compared with the evidence provided by arable weeds which
grew amongst the crops and whose seeds were accidentally harvested
and preserved together with them. Weed floras also vary according
to soil fertility, sowing time and tillage methods and, when used
in combination with crop stable isotope results, provide a powerful
tool for reconstructing cultivation regimes (see Bogaard et al., this
volume).

Excavated assemblages of animal bones have also been analysed.
Cattle bones can serve as a proxy for developments in the use
of traction, such as the spread of the heavy mouldboard plough
(Holmes, this volume). Cattle that pulled a heavy plough, especially
on heavy soils, were more likely to develop distinctive pathological
and sub-pathological changes that are visible on their bones
(Thomas et al., 2021). These changes can be studied in conjunction
with age-at-death data and sex profiles, which provide important
information regarding the importance of traction relative to meat
and dairy production (Figure 1). Taken together, this evidence
reflects the changing emphasis on traction over time (Figure 2; see
also Holmes, this volume).® The increasing proportion in animal

s See Hamerow et al., 2020 for a ‘worked example’ of this multi-proxy
approach applied to the early medieval town of Stafford.

6 Figure 2 provides aoristic values based on the likely modified pathological
indices (mPIs) derived from sites within each so-year category. This
incorporates data provided in Chapter 5, Figure 19, which illustrates the
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bone assemblages of sheep — ‘walking dung machines’ that, unlike
cattle, do not compete with crops for richer soils — provides a useful
proxy for the expansion of arable relative to pasture over time
(Campbell, 2000, 154; Holmes et al., forthcoming).

Pollen data collated from existing sources and supplemented
by new analyses of pollen cores by FeedSax provide the ‘big picture’
of land use. Pollen studies spanning this period in England have
previously been undertaken, most recently and significantly as part of
the Fields of Britannia project (Rippon et al., 2015). These have shown
that much of England had already been cleared of woodland by the
late Roman period and, with a few exceptions, that the post-Roman

posterior mPI data from each site, and Figure 20, which provides metacarpal
data included in the anterior values described here.

The ‘FeedSax’ Project

1 Simplified mortality
profiles for cattle, based
on FeedSax mortality
data, showing relative
Signiﬁcance of meat
production versus
secondary products
(milk, traction) over
time. After Holmes

et al., 2021a.

2 Aoristic model of

the mean modified
pathological index

(mPI) for forelimbs
(anterior) and hind
limbs (posterior) from
all targeted sites (N =
40), superimposed on
numbers of elements
analysed per period.
Hindlimb pathologies
provide a better proxy
for traction use than

do forelimbs, which
tend to exhibit higher
values, as they bear most
of the animals’ weight
(M. Holmes in Hamerow
et al., in prep).
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centuries saw relatively little woodland regeneration (Rippon et al.,
201535 Figure 3¢). It is unsurprising, therefore, that FeedSax has found
evidence for largely open landscapes in most regions. Its main aim,
however, has been to develop a method that allows for a more focused
investigation within these open landscapes of the expansion or
reduction of arable relative to pasture and heath (Forster and Charles,
this volume).

While FeedSax’s reliance on organic materials has presented
certain constraints due to the imperfect and variable preservation
of samples, a great advantage of using such materials is that they
can be dated with considerable precision. Almost 200 radiocarbon
dates provided by the Oxford Radiocarbon Accelerator Unit form
the basis of a uniform chronological framework that allows results
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from many different sites to be compared directly in a way that is
rarely possible with conventional, ceramics-based dating. Supported
by this framework, analysis has taken place at two scales: the
national picture is provided by a database containing some 700
zooarchaeological assemblages from 454 excavations, over 4,000
archaeobotanical samples from nearly 300 sites and pollen data
from over so cores (Figure 3a—c). This database provides the basis
for large-scale, inter-regional comparisons and has been comple-
mented by detailed analyses of bones, weed seeds, cereal grains and
pollen cores from selected case study sites with sufficiently abundant
material, ideally spanning at least two centuries (Figure 4). In
practice, few sites proved to have sufficient quantities of more than
one or two categories of evidence due to poor preservation, a problem
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that significantly limited opportunities for crop stable isotope analysis
in particular. Furthermore, different soil conditions are conducive to
the preservation of pollen, bone and charred plant remains, making
it difficult to find sites where all three are equally well preserved.
The best pollen sequences, for example, are found primarily in the
western uplands, where the relatively acidic geology is inimical to
the preservation of animal bones. The large assemblages of animal
bones needed to provide statistically robust results are more likely
to be found in urban contexts, whereas high-density deposits of
charred cereals are more likely to be recovered from rural sites. Some
settlements originally thought to span several centuries were revealed
by targeted radiocarbon dates to be primarily single-phase, and so
on. As a result, despite the project’s aim to consider the whole of early
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medieval England, some regions contain only one case study site or
none, a problem that particularly affects the Northern Uplands and
North-East Lowlands.”

The ‘mouldboard plough package’

The approach taken by FeedSax disaggregates three elements of early
medieval farming traditionally assumed to be inextricably linked:

7 The regions used by FeedSax (Figure 4) are based on those developed by
Rippon et al. (2015) for the Fields of Britannia project.

100 km

4 Distribution of
FeedSax case study
sites, and other sites
mentioned in the text.
Regional divisions after
Rippon et al. (2015).
Map created with QGIS
(www.qgis.org; accessed
08/03/2022).
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(i) systematic crop rotation, (ii) low-input, ‘extensive’ cultivation
regimes and (iii) widespread use of the mouldboard plough. We
have dubbed this the ‘mouldboard plough package’ and adoprted it
as a convenient framing device. It should not be assumed, however,
that these practices were invariably linked, either with each other or
with field and settlement form, nor that there was a transformative
moment when all three came together. Similarly, the idea of a ‘great
re-planning’ of fields and settlements around the tenth century has
given way to interpretations that envisage a more gradual process
of change, with less emphasis on the open-field ‘Midland System’
as the driver of increased production and a greater awareness of
regional variation within an overall trend towards ‘cerealization’
(Williamson, 2018, and this volume; Banham and Faith, 2014;
Rippon et al., 2015).

The first element of the ‘mouldboard plough package’ to
be considered here is crop rotation. In its most systematic, fully
developed form, this involved dividing most or all of a village’s
arable into two or three ‘courses’, often (though not necessarily)
equating to two or three fields. In a two-field system, half the arable
would lie fallow in a given year while in a three-field system, only
one-third of the arable was given over to fallow. One of the other
‘courses’ would consist of an autumn-sown crop (often wheat, which
benefits from a longer growing season) and the third a spring-sown
crop (usually barley or oats, which are ready to harvest after a few
months). A regular short fallow period — one year out of every two
or three — enabled more land to be brought under the plough. In
a three-field system, a field would be sown with winter corn by the
end of October; following the harvest, it would be ploughed and
sown with spring corn around March. After the second harvest,
the field would be left fallow and used for communally regulated
grazing until the autumn of the following year when it would again
be sown with winter corn (Orwin and Orwin, 1938, 49—52; Hall,
2014; cf. Schroeder, this volume).® By analysing weed flora and crop
stable isotope data in conjunction, it has been possible to confirm
the evidence for seasonal sowing indicated by weed flora and to
identify systematic crop rotation where stable isotope values for two
or more cereals are sufficiently similar to indicate that they were
grown in similar soil conditions and so — especially where seasonal
sowing is indicated — probably in the same fields (as at Stafford: see
Hamerow et al., 2020). For other sites, it has been possible to rule
out crop rotation, at least during certain phases. In a few cases, it

8 More complex rotations are also documented (Stone, 2005).



appears that two cereals were grown in rotation while a third was
grown elsewhere, in different soil conditions.

The second element of the ‘package’ is low-input, extensive
cultivation. This involves increasing overall cereal production by
cultivating more land while investing less manure and human
labour (e.g., weeding and tilling) per land unit. Intensive, high-input
agricultural systems therefore tend to be associated with small-scale
farming, where labour input is the key limiting factor of production;
extensive agricultural systems are, by contrast, land-limited rather
than labour-limited and tend to be larger in scale. Extensive systems
also tend to be associated with increased wealth inequalities, as land
is more readily owned and inherited than labour (Kohler et al.,
2017; Bogaard et al., 2019). The intensity of farming regimes — in
particular, the degree to which fertility was boosted by manuring
— is also reflected in stable isotope values and weed flora (see papers
by Bogaard et al. and Stroud, this volume). While it is not possible
to identify a distinctive open-field ‘signature’ based on stable isotope
values and weed ecology alone, all forms of open-field farming are by
definition low-input, even those on poorer soils where, for example,
close-folding of sheep was used to maintain fertility (Williamson,
2018, 6). Using the ‘intensity model’ discussed by Bogaard et al.
(this volume), the arable weed seed assemblages of eighth-century
and later date examined by FeedSax have all been shown to reflect
broadly low-input, ‘extensive’ cultivation regimes, albeit with a tail of
around 10 per cent to 20 per cent of samples reflecting higher-input
conditions. It is possible, of course, that most of these samples derive
from open fields, which would explain the dominance of weeds
reflecting ‘low-input’ conditions.

The weed flora from a number of sites also reflect a subtle but
clear shift over time towards increasingly low-input conditions, as
seen, for example, at Stafford (Hamerow et al., 2020). In a few cases,
including Stratton, near Biggleswade (Bedfordshire), earlier samples
dating to the fifth to seventh centuries were available (Shotliff and
Ingham, 2022). In these instances, it has been possible to detect a
shift from relatively intensive and presumably smaller-scale farming
regimes in this early period, to extensive, low-input and larger-scale
regimes by the eighth to ninth centuries (Figure 5; Bogaard et al., this
volume).” Even weed assemblages dating to the tenth to thirteenth
centuries display some variability, however, and most include a few

9 An exception to this trend is Lyminge (Kent), where low-input conditions
are indicated even for the sixth- to seventh-century samples (see below and
Bogaard et al., this volume).
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samples reflecting more intensively managed conditions (Bogaard
et al., this volume; Hamerow et al., in prep.). Such variability is
unsurprising given that some small-scale, more intensive practices are
likely to have continued alongside the overall trend towards low-input
cultivation (Banham and Faith, 2014, 41-42).

Despite the relatively small number of samples from northern
regions, some regional variability is hinted at. Ninth- to thirteenth-
century samples from Wharram Percy (North Yorkshire), for
example, which lies at the northern extremity of the Central Zone,
were somewhat less ‘extensive’ than those from other Central Zone
sites (Hamerow et al., in prep.). Regional variability is also evident
when considering the overall ratio of sheep to cattle: the Northern
and Central Zones, as well as East Anglia, saw the ratio of sheep to
cattle increase to reach parity by the eighth century, significantly
carlier than in other regions, suggesting that the emphasis on arable
production in these regions extends back into the Mid Saxon period
(Holmes et al., forthcoming).'

Finally, widespread adoption of the mouldboard plough famously
enabled farmers to expand from light, easily cultivated soils onto
heavier, more fertile soils and to plough more land in a day. As
already noted, the mouldboard plough was present in England, at
least in Kent, in the seventh century. It is unclear, however, when
and how it changed from a rarefied, high-status implement used at
royal sites like Lyminge, to a widely used technology (Bogaard et al.,

10 Whereas cattle would be in competition with arable farming for the richest
soils, sheep can thrive on those poorer soils less favoured for arable and are
also well-suited to close-folding and muckspreading on fallow.



this volume). It should be noted that the ard continued to be used
throughout the medieval period and on some terrains could have been
the main cultivation implement (Banham and Faith, 2014, 50; see
also Kropp, this volume). It is equally possible that, in some circum-
stances, a mouldboard plough was used in enclosed fields, as appears
to have been the case at Pendock, Worcestershire; the adoption of the
mouldboard plough was thus not invariably linked to a reorganization
of arable (Dyer, 1990, fig. 4).

Zooarchaeological investigations by FeedSax have shed new light
on the uptake of mouldboard ploughing technology in early medieval
England: cattle bone assemblages from several settlements have been
found to display significantly elevated proportions of pathological
and sub-pathological changes in foot bones, or evidence of individual
animals with unusually severe pathologies — i.c., indications of
draught work. A clear correlation has emerged between heavy soils
and a predominance of draught cattle, although half of sites in East
Anglia also produced a high proportion of draught animals, despite its
lighter soils (Holmes, this volume). The growing emphasis on traction
and, by implication, increasing use of the mouldboard plough, is also
manifest in the increasing proportion of male cattle (Holmes et al.,
forthcoming). The use of functional weed ecology to assess changing
levels of soil disturbance as set out by Bogaard et al. (this volume) is
another means by which use of the mouldboard plough can be traced.

According to convention, crop rotation, low-input regimes
involving regular, short fallow periods, and the mouldboard plough
were closely linked, not only with each other but also with the
reorganization of arable and the establishment of open fields. The
carliest written sources describing such systems in England date
to the twelfth and thirteenth centuries and indicate that a feature
of the three-field system was communal management of arable.
This involved collective decision-making, particularly around fallow
grazing. For this system to work, farmers had to agree to follow a
scheme of crop rotation. They also shared expensive resources, namely
the mouldboard plough and the team of oxen needed to pull it. It has
long been argued that, in some regions of England, this sharing of the
plough and plough team encouraged households that had previously
lived in small, scattered settlements, to live in close proximity, i.e., in
‘nucleated” villages." To what extent the systems described in these

11 This ‘nucleation hypothesis” has been convincingly challenged by Williamson,
who argues that it applies primarily to settlements on clay soils where the
window available for ploughing was particularly brief, due to the risk of
‘puddling’ (Williamson, 2018, 19; and this volume). He also notes that
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sources existed in the pre-Conquest period is a question that has never
been satisfactorily resolved. The data generated by FeedSax cannot,
of course, tell us whether fields were enclosed or open, farmed in
strips, or associated with a particular form of landholding. It can,
however, help to establish the relative intensity and scale of arable
farming, whether systematic crop rotation was practised, if and when
there was an expansion onto heavier soils, how the ratio of arable to
pasture varied regionally and over time, and the relative importance
of traction at different periods.

Farming and settlement archaeology

The relationship between rural settlement and farming is usually
considered in terms of the link between field systems and ‘nucleated’
versus ‘dispersed’ settlement patterns. Consideration should also be
given, however, to the link between farming practices and settlement
form. An examination of excavated settlements allows us to consider
how, if at all, changes in farming regimes identified by FeedSax are
reflected in the composition and layout of farms themselves. It must
be recognized, however, that the distribution of excavated settlements
from the pre-Conquest period is heavily biased towards eastern and
southern England. This uneven distribution appears to be primarily
the result of different ‘building cultures’, one of which is relatively easy
to recognize and recover archaeologically, while the other is virtually
invisible (Blair, 2018, 27 and fig. 4). Large assemblages of charred
cereal remains are mostly found within a triangular zone ‘pointing
southwestwards from the Wash and Humber’ identified by John Blair
as containing the greatest concentration of fifth- to ninth-century
settlements (Figure 3a; Blair, 2018, 27). It includes much of the Central
Zone and East Anglia as well as parts of the South-East. It is possible
that communities that adopted the ‘Anglo-Saxon building culture’ so
evident in this zone also processed cereals in a way and on a scale that
was more likely to result in substantial deposits of charred crops.
Returning to settlements themselves, three episodes of change
in their form and composition are particularly relevant. The first
took place during the so-called ‘long eighth century’, ¢. AD 680—830
(Hansen and Wickham, 2000). This period saw a number of ‘firsts’,
including the first post-Roman complexes of ditched enclosures that
appear to have served as pens, paddocks and corrals for livestock
(Hamerow, 2012; McKerracher, 2018, figs 26—34). In a few cases, the

cooperative ploughing (co-aration) was sometimes practised in areas of
dispersed settlement (Williamson, 2013, 196).
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buildings associated with them are relatively substantial, for example
the barns and other structures found at the tribute-collecting centre
at Higham Ferrers (Northamptonshire) (Hardy et al., 2007). More
often, however, the associated structures were small, lightly built and
ephemeral, as seen at West Fen Road, Ely (Cambridgeshire) (Figure 6;
Mortimer et al., 2005; Mudd and Webster, 2011). Indeed, it is often
difficult to determine which, if any, of the structures found at such
sites served as dwellings (McKerracher, 2018, 36).

The appearance of substantial livestock enclosures and droveways
in the landscape after more than two centuries during which farmers
had no need of them has two major implications. First, it suggests
that livestock were being managed in new ways that required
their movement to be controlled to avoid animals straying into
farmsteads and fields, perhaps because they were now kept close to
settlements for part of the year. Second, it indicates that farmers were
cooperating in the construction and maintenance of these extensive
systems of enclosures, and perhaps in the management of livestock."

12 A similar arrangement appears to have existed amongst eighteenth-century
farming communities on the Swedish island of Oland (Blair, 2018, 300-1).
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Mortimer et al., 2005).
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Those of the kind found at Ely and Cottenham in Cambridgeshire,
for example, must have been large-scale communal undertakings,
involving the digging of many hundreds of metres of ditches,
re-cut and modified over several centuries (Mortimer et al., 2005;
Mortimer, 2000). Early medieval farmers would, of course, always
have cooperated at key stages in the farming year, for example during
haymaking (Banham and Faith, 2014, 124). The appearance of these
ditched complexes, however, represents cooperation and the pooling
of labour on a new scale (cf. Faulkner, this volume).

The mid-seventh to ninth centuries also saw investment in
the first centralized crop processing and storage facilities since the
end of the Roman period. These include a small number of grain
drying and malting kilns, watermills, granaries and barns (see Caroe,
this volume; Hamerow, 2012, 151-55; McKerracher, 2018, 121-22).
Such constructions can reasonably be described as ‘capital projects’
associated with high-status establishments, both royal and monastic,
built with the wealth generated by the increasing cereal surpluses they
were designed to process and store. Agricultural infrastructure of this
kind not only served a practical function, but also signalled that the
owners were the proprietors of a highly productive agricultural estate.
As Mark McKerracher (2018) has observed, taken together, these
additions to the repertoire of settlement features provide a compelling,
if circumstantial, case for a transformation of farming in at least some
regions. This circumstantial evidence can now be compared with the
direct evidence for cultivation regimes generated by FeedSax.

It should first be noted that the earliest ‘high-density’ post-Roman
archacobotanical assemblages of charred grains (i.c., those yielding at
least 30 grains per litre of soil) date to the second half of the seventh
century (McKerracher, 2018, 90—92). Indeed, with few exceptions,
it has not been possible to extend weed or stable isotope analysis
back into the fifth to seventh centuries, simply because sufficiently
well-preserved, high-density samples are lacking. A pilot study found
that sites producing such high-density archacobotanical assemblages
become more common in the archaeological record from the eighth
and ninth centuries onwards, especially in the Central Zone and East
Anglia (McKerracher, 2016a). As already noted, such assemblages are
themselves likely to be the product of increasingly large harvests being
stored and processed in new ways and they may therefore serve as
prima facie evidence for an increasing emphasis on surplus production
(as in the Roman period; see van der Veen, 2016). Their appearance
in the archaeological record at around the same time as grain drying
kilns, barns and watermills strengthens the case for a link between the
scale of arable production and the density of grain assemblages. The



case is further supported by the weed data which, as already observed,
suggest that the shift to low-input, larger-scale regimes had occurred
by 800. Pollen evidence and an increase in the proportion of male
cattle from around 7 per cent during the fifth to seventh centuries to
around 23 per cent by 750 also indicate that the eighth century saw
an increasing emphasis on arable production, at least in some regions
(Forster and Chatles, and Holmes, this volume), while the growing
empbhasis on sheep (and on collecting their droppings) must at least in
part explain the complexes of droveways and ditched enclosures that
first appeared around the same time.

The second key change took place during the tenth century,
when the first distinctive aristocratic or ‘proto-manorial’ settlement
complexes appear. Some of these were the residences of local lords
who had been granted land and who extracted and mobilized the
surpluses it generated to fund lifestyles of ‘elegance, comfort and
richness of possessions’ (Blair, 2015, 192; see also Fleming, 2011).
Others could have been built by ‘upwardly mobile’ ceorls, prosperous
independent peasants who had acquired enough land and wealth to
attain thegnly status, perhaps thanks to innovative farming regimes.
Examples of this kind of complex have been identified in several
regions and include Goltho (Lincolnshire), Faccombe Netherton
(Hampshire), Bicester (Oxfordshire), Bishopstone (Sussex) and
Raunds (Northamptonshire) (Beresford, 1987; Fairbrother, 1990;
Harding and Andrews, 2003; Thomas, 2010; Audouy and Chapman,
2009). They are characterized by distinctive architectural forms,
namely ‘angle-sided’ and aisled halls, often set within a ‘long
range’ that included a number of separate, presumably functionally
distinct, chambers (Blair, 2015, 192). Such sites often included
special-purpose structures such as kitchens and latrines, and some
had private churches or free-standing timber towers (Figure 7).
Apart from these distinctive thegnly sites, however, the essential
form of rural settlements remained unchanged; the widely spaced,
loosely articulated compounds of buildings, ditched enclosures
and trackways that first appeared in the ‘long eighth century’ —
recently dubbed ‘semi-nucleations’ (Blair, 2018, 294—301) — were
still being constructed in the tenth, as seen, for example, at Yarnton
(Oxfordshire), Stratton, Houghton (Cambridgeshire), Raunds and
Ely (Hey, 2004; Shotliff and Ingham, 2022; James, 2018; Audouy and
Chapman, 2009; Mortimer et al., 2005). It has been suggested that
some of the enclosures within ditched complexes of this kind could
have been the focus of ‘high intensity cultivation’, their fertility
maintained by the manure collected from livestock penned within
the same complexes (Blair, 2018, 299). As already observed, however,
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7 Conjectural
reconstruction of the
tenth-century courtyard
range at Bishopstone,
Sussex, by Mark Gridley.
Reproduced with kind
permission of Gabor
Thomas, University of
Reading.
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FeedSax’s analysis of arable weeds shows that the great majority of
the tenth- to thirteenth-century cereals examined had been grown
in low-input conditions and that the shift to low-input regimes took
place well before the tenth century. It is possible that some of these
enclosures were used for small-scale, intensive cultivation of specialist
crops such as flax and hemp, but this must remain conjecture.

Evidence for systematic crop rotation first becomes relatively
widespread in the tenth century.’® Cereal grains and weeds from the
burh at Stafford, for example, indicate that wheat, oat and rye were
grown in rotation but that barley — found in much smaller quantities
— was grown separately (Hamerow et al., 2020). Regional patterning
also emerges more clearly in this period, with oat, for example, being
particularly prominent in Devon and Cornwall (Hamerow et al., in
prep.).

The next major development in rural settlement form took
place in the later eleventh to thirteenth centuries when nucleated
villages — as distinct from the earlier ‘semi-nucleations’ described
above — began to appear, of the kind still seen in parts of the
landscape today, with planned arrangements of contiguous, clearly
defined house plots whose form and position ‘reflected the status and
obligations of their inhabitants’ — as seen, for instance, at Wharram

13 Earlier evidence for the systematic rotation of rye and barley, dating
to between 770 and 880, has been identified at Holmer, Herefordshire
(Elizabeth Stroud, pers. comm.).



Percy (Figure 8; Blair, 2018, 383; see also Creighton and Rippon,
2017). What, if any, direct link existed between the establishment
of such villages and the laying out of open fields is still far from
clear. The setting out of planned tofts and crofts could, for example,
represent a secondary stage of development that followed on from
the creation of a village’s field system (Faith, 1997, 235). Indeed, while
nucleated villages emerged during a relatively well-defined ‘window’,
open fields appear to have developed over a much longer period of
‘extensification’ lasting several centuries.

There is nothing in the bioarchaeological record for this period
to suggest major innovations in farming. In terms of charred crop
deposits, however, the average density of plant remains per litre of soil
increases sharply for the eleventh to thirteenth centuries, implying a
significant scaling up of production, as does the increasing investment
in the processing and storage of cereals, reflected in growing numbers
of watermills, barns and granaries (McKerracher, this volume;
Gardiner, 2013). A marked shift to wheat cultivation is also apparent
in several regions, perhaps reflecting an increasing emphasis on cash
rents and hence cash crops, while weed flora, especially from the
Central Zone, reflect more consistent and thorough tillage from
around the twelfth century onwards. This presumably reflects more
systematic use of the mouldboard plough within two- and three-field
systems and perhaps a greater investment of labour in activities
such as hand-weeding and harrowing (see papers in this volume by
Bogaard et al., McKerracher, and Williamson). The overall frequency

The ‘FeedSax’ Proje

8 Artist’s impression of
the village of Wharram
Percy, North Yorkshire,
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9 Linear regression
analysis of weed flora
from sites in the Central
Zone, showing declining
fertility over time

(A. Bogaard in Hamerow
et al., in prep).
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of pathological and sub-pathological changes in cattle feet at most of
the sites examined also indicates a marked increase in the use of cattle
for traction around 1000 (Holmes, this volume).

Finally, written sources and manuring scatters indicate that,
by the twelfth and thirteenth centuries, landowners were going to
considerable lengths to boost soil fertility by manuring and marling
(Jones, 2004; Faith, 1997, 237), although whether this was driven
primarily by a desire to maximize outputs or by concern over
declining fertility — the long-term net effect of extensification — is far
from clear.' The weed ecology of those fields demonstrates, however,
that these efforts were insufficient to halt a subtle but clear trend
towards diminishing levels of fertility (Figure 9; see Hamerow et al.
in prep.). The findings of FeedSax thus support a recent assessment
of the eleventh and twelfth centuries as seeing ‘broad continuities in
agricultural regimes, technologies and husbandry practices’ against
the backdrop of an overall increase in the scale of arable farming and
a proliferation of formal markets where cereals were bought and sold
(Creighton and Rippon, 2017, 60; Britnell, 1981).

14 Marl contains limited nitrogen, so marling is unlikely to have affected the
0N values in cereal grains as measured by crop stable isotope analysis. It
does, however, contain potassium, lime, phosphorus and magnesium, all of
which would have boosted plant growth (Elizabeth Stroud, pers. comm.).



Conclusion

This provisional comparison between bioarchacological trends
and developments in settlement archaeology raises a number of
difficulties. Data of the kind provided by weed flora, for example,
are most readily modelled and represented as a linear regression; the
nature of the evidence — with many more samples from some phases
than others — makes it difficult to discern potential ‘step changes’,
for example in soil fertility. Settlement archaeology, by contrast, is
punctuated by moments of change, such as the appearance of the
first ditched livestock enclosures, the first ‘thegnly’ compounds or
the first nucleated villages. Single-phase case studies, such as the
fourteenth-century granary at Ottery St Mary (Devon) and the
harvest it contained, provide useful but static snapshots of what was
undoubtedly a dynamic situation (Mudd et al., 2018). The animal
bones, crop remains and weeds from a single settlement, furthermore,
reflect local and potentially unique developments relating to a
particular community. This is illustrated by the royal site at Lyminge,
where low-input, relatively high-disturbance conditions appeared at
an exceptionally early date (Bogaard et al., this volume). While this
is likely in part to reflect the settlements position on lighter soils,
the possibility that it was precocious in adopting the mouldboard
plough, as suggested by the seventh-century coulter mentioned at the
beginning of this paper, should not be discounted.

Such problems beset any attempt to weave together diverse
strands of evidence, yet working in this way has allowed us to
address the broad questions outlined at the start of this paper from
a new perspective and to offer several key observations. First, no
one period can be singled out as having undergone ‘revolutionary’
change, although the mid-seventh to ninth centuries were charac-
terized by significant innovations in both crop and animal husbandry,
evidenced in the appearance of livestock enclosures, watermills and
grain ovens, as well as in the remains of crops, weeds and livestock.
Second, if the extensification of cereal farming, systematic crop
rotation and use of the mouldboard plough had been initiated by
local lords — the occupants of the ‘proto-manors’ described above —
one would not expect to find evidence of these practices prior to the
tenth century. Analysis of weed flora clearly shows, however, that
the shift to low-input cultivation took place well before the tenth
century, presumably driven partly by population growth but also by
royal and monastic innovation and regional markets for grain (cf.
Hamerow, 2007; Yorke, 2008, 80; Naylor, 2016, fig. 2). The tenth
century did, however, see an increase in systematic crop rotation, a

The ‘FeedSax’ Project
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trend that became more marked in the eleventh; animal bones point
to the increased use of cattle for traction — and, presumably, of the
mouldboard plough — from the later tenth and eleventh centuries. The
same period saw a decrease in crop diversity, as farmers fine-tuned
cropping regimes according to local conditions; the timing of these
developments is consistent with a degree of ‘top-down’ pressure to
increase productivity. The work undertaken by FeedSax thus indicates
that the different elements of the mouldboard plough package did
not come together in a ‘revolutionary’ moment or follow a single
shared trajectory. Instead, the ‘cerealization” of England emerges as a
regionally variegated process lasting several centuries, punctuated by
periods of innovation and rapid change.



2 Lessons from Laxton, Highgrove and Lorsch:
Building Arable Weed-Based Models for the
Investigation of Early Medieval Agriculture in England

Amy Bogaard, John Hodgson, Claus Kropp, Mark McKerracher
and Elizabeth Stroud

Introduction

Arable weed ecology provides a means of comparing farming
systems in terms of crop growing conditions. A useful ‘short-cut’
to summarizing key ecological characteristics of arable weeds is to
measure their functional ecological traits. These are morphological
or behavioural characteristics that have been shown experimentally to
predict weed species’ potential in relation to major habitat variables.
Thus, for example, specific leaf area (the ratio of leaf area to leaf
dry weight) and related traits reflect growth rate, and hence species’
potential to flourish in fertile soil conditions (Diaz et al., 2004; 20163
Wright et al., 2004; Reich, 2014).

The approach of estimating species’ potential by measuring
functional traits, known as functional ecology, also lends itself to
framing comparisons between present and past farming systems. The
weed floras of present-day crop fields can be recorded through survey,
while those from past agricultural systems are attested through
archacobotanical assemblages of crops and their associated weeds.
The advantage of using functional ecology as the basis of comparison
between weed floras is twofold: it enables comparison of weed floras
(e.g., modern and ancient) that have few or no species in common;

We would like to extend our thanks to Gabor Thomas (University of Reading) for the opportunity to analyse
the archacobotanical remains from Lyminge; to Alison Nicholls (Gladstone Pottery Museum) and Joseph
Perry (Potteries Museum) for providing access to and permission to analyse archacobotanical material from
Stafford; to Joy and Dik Allison, Mary and Robert Haigh, Stuart Rose and the Laxton History Group, for their
knowledge and hospitality in Laxton; and to David Wilson of Duchy Home Farm for sharing his expertise and
permitting our survey at Highgrove.
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and the ‘functional’ nature of the traits means that similarity or
difference in weed floras can be assessed in terms of underlying
ecological processes. In other words, use of functional ecology makes
it possible to set up a ‘relational analogy’ (Wylie, 1985) between
modern and ancient weed communities: assessments of similarity (or
difference) are based on an understanding of relevant causal (here,
ecological) mechanisms. The aim of such comparisons is therefore
not to stumble upon an exact modern ‘match’ for ancient weed floras
and farming systems, but rather to identify meaningful ecological
contrasts, as a means of reconstructing past land use systems that may
have no close modern analogue (Charles et al., 2002; Jones, 2002;
Bogaard, 2004, 8).

In this paper we consider the usefulness of functional weed
ecology to shed light on eatly medieval agriculture in England by
framing comparisons between archaeobotanical weed assemblages
and present-day farming systems. We do this in two steps.

First, we consider a previously published weed ecological model
for distinguishing ‘low-input’ and ‘high-input’ cereal production
systems on the basis of a set of functional ecological traits that reflect
species’ potential in relation to fertility and disturbance (Bogaard etal.,
2016). ‘Disturbance’ in plant ecology refers to the destruction of plant
biomass, for example by mechanical perturbation of the soil, which
in arable fields is effected through tillage and weeding (Grime et al.,
1988). The weed ecological model was derived to discriminate between
low-input production of cereals in present-day Haute Provence,
south-eastern France (e.g., little/no manuring or hand-weeding) and
high-input cultivation in Asturias, northern Spain (e.g., intensive
manuring and hand-weeding) on the basis of such traits (Bogaard
et al., 2016). The model provides an axis of combined fertility and
disturbance to assess the labour intensity of past farming systems. We
review a worked example of the application of this model to an early
medieval archacobotanical assemblage, from Stafford in the West
Midlands of England (Hamerow et al., 2020), dating primarily from
the late ninth to mid-twelfth centuries, and then consider a second
case study, that of sixth- to twelfth-century Lyminge, Kent (Thomas,
2013; Thomas and Knox, 2013). We use these assemblages to illustrate
how application of the Provence/Asturias ‘intensity model’ relates to
the general hypothesis of extensification in early medieval England:
that is, expanding cereal production with diminishing inputs per unit
area (Hamerow, this volume).

While the ‘intensity model” provides a means of situating early
medieval arable weed assemblages on an input/intensity spectrum,
it combines traits relating to fertility and disturbance, since this
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combination achieved the best discrimination of low-input cereal
production in Haute Provence from high-input cultivation in
Asturias. For the purposes of understanding developments in early
medieval farming, however, it is desirable also to consider soil
disturbance separately. The hypothesized nature of early medieval
husbandry is that it achieved ‘extensification’ in part through use
of the mouldboard plough, which enabled expansion onto heavier
soils and promoted effective tillage by turning over the soil (Fussell,
1966; Hamerow, this volume). The tillage regime in Haute Provence
incorporated spring harrowing, and the disturbance contrast between
the Haute Provence and Asturias regimes was not sufficiently strong
to construct a model on the basis of disturbance traits alone (Bogaard
et al., 2016). The second step in our functional weed analysis,
therefore, was to construct a new model on the basis of two regimes
that differed primarily in terms of disturbance, in order to monitor
disturbance levels in early medieval fields. We did this using relevant
ecological traits of weed floras surveyed in two present-day English
cereal production systems: the persisting open-field system at Laxton,
Nottinghamshire, and organic cereal fields at Highgrove’s Duchy
Home Farm, Gloucestershire (Figure 10; Plate I).

The well-known open-field system at Laxton (Orwin and Orwin,
1938) as it exists today is a conventional farming system incorpo-
rating herbicides and thus lacking a fully expressed arable weed
flora. Alongside arable fields, however, the open-field landscape
incorporates substantial meadow verges, known locally as ‘sykes’,
that have remained unploughed for centuries, and are not sprayed
with herbicides (Plate Ia). While the ‘sykes’ are thus outside the
arable regime per se, they offer valuable evidence of the flora that
develops in the absence of substantial disturbance from ploughing.
The ‘sykes’ can be contrasted with the arable weed floras that
persist in unsprayed arable field edges at Laxton (Hamerow et al.,
2020). Highgrove’s Duchy Home Farm established organic cereal
production near Tetbury, Gloucestershire in 1985. The farm offers a
good sample of cereal field weed floras developed under moderate
management intensity (Plate Ib), supplementing the fragmentary
arable field weed flora at Laxton. Here we combine the botanical
survey and ecological trait data for the Laxton ‘sykes” and fields with
data from the Highgrove fields to produce a new model for discrim-
inating between low- and high-disturbance conditions.

Before applying the Laxton-Highgrove model to archacobotanical
data, we take the additional step of introducing a comparison with
a unique weed dataset from experimental mouldboard ploughing at
the Lauresham Open-Air Laboratory for Experimental Archaeology
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in Lorsch (Kropp, this volume). In recent years, the Lauresham
team has established a three-field rotation system (an autumn cereal
followed by a spring cereal and then a fallow year) using (re)
constructed early medieval mouldboard tillage powered by oxen.
Surveys of the weed floras growing on three main experimental
ridge-and-furrow fields (north-east, south and north-west) at Lorsch
in 2019 and 2020 (Sonnberger, 2020; see also Kropp, this volume)
provide a key opportunity to assess disturbance levels achieved with
the mouldboard plough.

Finally, using the archaeobotanical examples of Stafford and
Lyminge, we assess arable disturbance levels and consider to what
extent use of the mouldboard plough successfully maintained —
or even enhanced — disturbance levels as part of early medieval
‘cerealization’.
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traits of weed species that predict their response to soil fertility (e.g.,
manuring) or disturbance (tillage and weeding): specific leaf area (leaf
area/leaf dry weight), canopy height and diameter, the ratio of leaf

used as discriminating variables. This analysis was conducted on the function.
basis of species’ presence/absence per field (rather than frequency in

quadrats), making the model applicable to archaeobotanical weed

data (Bogaard et al., 2016).

Application of the intensity model: Stafford and Lyminge

In order to assess similarity to the modern high- versus low-input
regimes, the ‘intensity model” was applied to archacobotanical weed
data from Stafford, as set out by Hamerow et al. (2020). Stafford, in
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the West Midlands of England, was established as a burh (fortified
settlement) in 913, and later developed as a town at the intersection of
land- and river-based transport routes; its hinterland, at the interface
of lighter river terrace soils and heavier clays, provided a setting well
suited to crop production (Figure 10; Carver, 2010; Hamerow et al.,
2020, 587).

Archaeobotanical samples from Stafford containing at least ten
seeds of weed taxa identified to species level were entered into the
classification phase of the discriminant analysis, as unknown cases.
The results (Figure 12b) show that late ninth- to early tenth-century
samples have variable scores on the discriminant function, but from
the early tenth century onwards, the Stafford samples increasingly
conform to ‘low-input’ growing conditions. Thus, the great majority
of cereals benefited from little to no manuring or hand-weeding from
the early tenth century. These results, combined with palynological
evidence for largely open, arable landscapes around Stafford through
this period (Hamerow et al., 2020), suggest that cereal cultivation
featured low-input management within an extensive, large-scale
system.

A second case study, that of Lyminge, opens another ‘window’
onto the extensification process, in a very different setting. Lyminge
lies in south-east Kent (Figure 10), on chalk bedrock overlain in places
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by silts, clays, sands and gravels (McKerracher, 2017, 130). The archae-
obotanical assemblage from Lyminge dates from the sixth through to
the twelfth century, offering a sequence that begins much earlier than
that at Stafford (McKerracher, 2017). Following the establishment of
a royal centre/hall complex at Lyminge in the sixth to early seventh
century, a royal monastery existed from the mid-seventh to late ninth
century (Thomas, 2013). Lyminge was subsequently an archepiscopal
possession of Canterbury through the tenth to twelfth centuries
(Thomas and Knox, 2013). A seventh-century plough coulter excavated
at Lyminge — the earliest known example from Anglo-Saxon England
— raises the possibility of precocious adoption of mouldboard plough
technology in a high-status context under Frankish influence (Thomas
et al., 2016). The actual implication of this find for agricultural
practice, however, has as yet remained unclear.

The assemblage of ‘weed-rich’ archaeobotanical samples at
Lyminge (containing at least ten weed seeds identified to species
level) is smaller than that at Stafford, but their distribution along
the discriminant function (Figure 12¢) has interesting implications.
First, all of the Lyminge samples fall at the low-input end of the
spectrum, from the sixth century onwards, in contrast to Stafford,
where a ‘tail” of high-input samples persists throughout the sequence.
Second, the chronological distribution of Lyminge samples on the
discriminant function suggests progressively lower input conditions
through time: the single sixth-century sample has the highest score,
while the later eighth- to ninth-century samples mostly have higher
scores than those of eleventh- to twelfth-century date. In sum, the
results from Lyminge suggest that its farming system already ‘began’
as a low-input regime, but underwent further extensification through
time, paralleling developments at Stafford.

A model for assessing soil disturbance levels: Laxton

and Highgrove

A second weed-based model, focused on contrasting mechanical
soil disturbance levels, enables us to factor out the influence of soil
fertility and to build a complementary perspective on tillage regimes,
especially the use of the mouldboard plough. This model is based on
a combination of two modern botanical survey datasets: from Laxton
and Highgrove’s Duchy Home Farm (Figure 10; Plate I).

Botanical survey at Laxton in June 2018 encompassed three
types of site/habitat: (a) eight unploughed but periodically grazed
and annually cut ‘sykes’ (hay meadow areas, unsprayed by herbicides,
between or on the edges of the open fields); (b) unsprayed six-metre
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edge strips of six cereal fields; and (c) five fallow fields — i.e., in the
third, fallow year of the rotation scheme — that had not recently
been sprayed.

At Highgrove in June 2019 we surveyed 17 organic cereal fields
managed as part of a rotation system: typically two to three years
of ley (grass/clover) followed by one year each of bread wheat, oats,
barley and rye. The cereals notably included tall, locally adapted
populations of ‘heritage’ rye and wheat developed by John Letts that
have been grown at Highgrove for over ten years; and a similarly
unimproved, ‘traditional’ landrace of barley.’

In each field, the weed species present were recorded in each of five
one-metre-square quadrats distributed along a transect from one end of
the field to the other, as in other recent studies (Bogaard et al., 2018). For
the purposes of archacobotanical application, the data were converted
to a semi-quantitative form of weed species’ presence/absence per field.
The average score of each functional trait per field was calculated as the
sum of attribute values for the species in the cultivated field divided by
the number of species in each field. IBM™ SPSS’ (Statistical Package
for the Social Sciences) version 27 was used to perform discriminant
analysis, using the ‘leave one out’ option. The success of the discri-
minant analysis was measured in terms of the percentage of fields
correctly reclassified as ‘low-disturbance’ or ‘high-disturbance’, using
the discriminant function extracted in the analysis.

Discriminant analysis was used to separate the Laxton ‘sykes’,
on the one hand, from the Laxton and Highgrove arable fields
(including those under fallow at Laxton), on the other (Figure 13a).
This successful discrimination (94 per cent correctly reclassified)
was achieved on the basis of two functional attributes relating
to species’ tolerance of mechanical disturbance: flowering duration
(which patterns with germination time, and hence the ability of seeds
to germinate following a disturbance event) and (for perennials only)
vegetative propagation, i.c., the ability to regenerate from fragments
of root/stolon/rhizome following disturbance (Figure 13a, ¢). This
model is similar to that described by Hamerow et al. (2020) but is
more robust in that it incorporates a larger set of fields, including
those at Highgrove.

1 A landrace is a crop population adapted to a specific local environment.
The terms ‘heritage’, ‘traditional’ and ‘unimproved’ highlight the contrast
between these crops and modern commercial monocultures which do not
adapt to local environmental conditions.
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Application of the disturbance model: experimental mouldboard
ploughing at Lorsch

Botanical survey of three experimental ridge-and-furrow fields was
conducted at Lorsch in June 2019 and June 2020 (Sonnberger, 2020;
see also Kropp, in this volume). The lists of weed species present in
each field at survey time were entered into the classification phase
of the discriminant analysis, as unknown cases. The discriminant
scores of the Lorsch plots (Figure 13b) place them within the arable
field range. Relative to the tractor-ploughed fields at Laxton and
Highgrove, the Lorsch fields fall at the lower end of the arable group.
Lorsch therefore offers a plausible baseline of disturbance levels to be
expected under effective mouldboard ploughing.

Application of the disturbance model: Stafford and Lyminge

Archaeobotanical samples from Stafford containing at least ten
seeds of weed taxa identified to species level were entered into the
classification phase of the discriminant analysis, as unknown cases.
As observed in a previous application of the Laxton-only disturbance
model to the Stafford data (Hamerow et al., 2020), the discriminant
scores of the Stafford samples, organized by phase (Figure 14a—¢),
show an increasing tendency through time towards more disturbed
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O Laxton arable

A Highgrove arable
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13a—c (a) The relationship
of the Laxton sykes
(open squares) and
arable fields at Laxton
and Highgrove (other
symbols) to the
discriminant function
extracted to distinguish
these two groups
(larger symbols indicate
group centroids); (b)
the relationship of the
Lorsch mouldboard-
ploughed fields to the
discriminant function;
(c) correlations between
the functional traits
used as discriminating
variables and the
discriminant function.
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dating to the twelfth century or later resembles the undisturbed
grassland of the ‘sykes’, whereas in earlier phases some samples
were more similar to the sykes, perhaps because they represent
the intermittent cultivation of land normally used for pasture (see
Hooke, 1981, 207) or the interface of arable and grassland. The
implication is that, within the extensification process, arable fields at
Stafford were more consistently and comprehensively disturbed from
the twelfth century onwards than in earlier periods. This observation
is consistent with a more systematic use of the mouldboard plough
in this final phase, when all cereal farming apparently took place in
heavily disturbed conditions. The plausibility of this interpretation
is supported by the ‘Lorsch baseline’ (the dotted line in Figure 14),
which suggests the minimal discriminant scores and disturbance
levels to be expected under effective mouldboard ploughing.
Archaeobotanical samples from Lyminge containing at least
ten seeds of weed taxa identified to species level were similarly
entered into the classification phase of the discriminant analysis,
as unknown cases. In addition, samples lacking seeds of perennial
weeds were excluded, since one of the functional traits used as a
discriminating variable — vegetative propagation — only applies to
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perennials.? The results (Figure 15) show that the earliest eligible
samples (of late eighth- to late ninth-century date) all fall at the
arable/high-disturbance end of the spectrum, and above the Lorsch
baseline’. In disturbance terms, this phase at Lyminge, contemporary
with the royal monastery, resembles the samples of twelfth-century
and later date at Stafford, and is consistent with mouldboard
ploughing. Later phases at Lyminge, when it was an archepiscopal
possession of Canterbury, are more variable in terms of disturbance,
though most are more or less comparable with disturbance levels
under mouldboard ploughing. We consider the implications of these
findings further below.

Discussion: interpreting the results from Stafford and Lyminge

The application of weed-based models, one focused on intensity
(high versus low inputs, combining fertility and disturbance) and
one on disturbance levels only (contrasting unploughed meadow with
annually tilled arable), to medieval archacobotanical assemblages
from Stafford and Lyminge has revealed similarities as well as
differences between the two archaeological case studies. Taking the
similarities first, application of the intensity model suggests that
cereal production at both Stafford and Lyminge reflects a general
process of ‘cerealization’ through increasingly extensive farming, with
low inputs per unit area. Within this trend, there is subtle differen-
tiation between the two sites: whereas the Stafford results include a
minor proportion of relatively high-input (presumably infield) cereal
production throughout the late ninth- to twelfth-century and later

2 At Stafford, this step did not exclude any samples since all contained some
perennials.
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sequence, at Lyminge the weed signal is distinctively ‘low-input’ from
the sixth century onwards, without a ‘tail’” of higher-input samples.

Application of the disturbance model also reveals some
divergence between the two sites. The heavier clay soils at Stafford
were effectively disturbed to levels comparable with modern arable
fields from the twelfth century onwards, probably reflecting pervasive
use of the mouldboard plough at this time. At Lyminge, by contrast,
high disturbance comparable with modern annually cultivated arable
and mouldboard ploughing is apparent much earlier, from the late
eighth century.

The seventh-century coulter discovered at Lyminge (Thomas
et al,, 2016) indicates that the mouldboard plough could have been
in use here from the beginning of the sequence reflected in the
archaeobotanical samples classified by the disturbance model. The
results of the application of the disturbance model to experimental
mouldboard-ploughed fields at Lorsch, on the one hand, and to
the Lyminge archacobotanical samples, on the other, support the
inference that the coulter was a powerfully symbolic object in part
because it reflected actual agricultural practice (Holmes, this volume).

Itappears thatearly medieval farmers achieved levels of mechanical
soil disturbance comparable to the modern tractor-ploughed arable
fields at Laxton and Highgrove, and above the ‘mouldboard baseline’
provided by Lorsch. This similarity, however, may obscure differences
in soil conditions and agricultural practice. Laxton is surrounded
by heavy clay soils, while those at Highgrove are more variable but
include very heavy clays; the soils around Lyminge were chalk-based
and hence lighter to work. Another difference between modern and
ancient practice may be how many times fallow fields in the rotation
were ploughed. Nowadays the fallow in Laxton is ploughed only
once, in March, for ground-nesting birds, in accordance with Natural
England’s Higher Level Stewardship scheme. In the early twentieth
century, in the absence of herbicides, the fallow was ploughed up to
six times in summer to control weeds (Haigh, 2016, 16). Repeated
ploughing discouraged some weeds but not others; one Laxton farmer
recalled that the roots (thizomes) of twitch or couch grass (Elymus
repens (L.) Gould; Figure 16a) were particularly troublesome, being
‘propagated rather than killed by ploughing’ (Allison et al., 2017,
109). This capability of certain perennial weeds to regenerate from
fragments of root/thizome/stolon is exactly what we seek to capture by
including that functional trait in the disturbance model (Figure 13).

It is possible that early medieval farmers at Stafford and
Lyminge ploughed multiple times in the fallow year to control weeds,
maintaining high levels of disturbance. Experimental farming at
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Lorsch includes mouldboard ploughing a minimum of two times in
the fallow year, using a reduced furrow depth. That medieval farmers
did seek to plough fallow multiple times to control weed levels is
suggested by Walter of Henley’s ‘Husbandry’, written 1276—90. In a
section headed, “To free lands from too much water’, he recommended
that the fallow field be ploughed twice, in April and again after
midsummer (St John’s Day) and justified the timing of the second
ploughing as follows: ‘Let your land be cleaned and weeded after St
John’s Day; before that is not a good time. If you cut thistles fifteen
days or eight before St John’s Day, for each one will come up two or
three’ (Cunningham and Lamond, 1890).

The timing of ploughing after midsummer echoes early twenti-
eth-century practice in Laxton of ploughing multiple times through
July (Haigh, 2016, 14), as does a particular concern with thistles
(Allison et al., 2017, 106). Like twitch or couch grass mentioned
above, creeping thistle (Cirsium arvense (L) Scop.) has rhizomes
that readily regenerate when fragmented by ploughing (Figure 16b).
The instruction to plough after St John’s Day, the driest part of
the summer, suggests an attempt to minimize the probability of
any rhizome fragment detached by the plough producing roots and
subsequently establishing into a new plant.

A further possible contrast between ancient and modern practice
is two- versus three-course rotation. Evaluation of these two rotation

16a—b (a) Couch grass
(Elymus repens (L.)
Gould) and (b) creeping
thistle (Cirsium arvense
(L.) Scop.), showing

in each case rhizomes

that readily regenerate
when fragmented by
ploughing. Illustrations
from Korsmo, 1934,
obtained from www.
plantillustrations.org
(accessed 26/07/21).
Images are in public
domain, reproduced
under Creative
Commons Licence.
https://creativecommons.
org (accessed 26/07/2021).
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scenarios is beyond the scope of this paper (Schroeder, this volume;
Hamerow et al., in prep.), but it stands to reason that a two-course
rotation, with repeatedly ploughed fallow every second year (rather
than every third), would result in more frequent ploughing events
(cf. Campbell and Robinson, 2010). Two-course rotation may help to
explain how early medieval farmers achieved high levels of disturbance
comparable to annual cultivation with modern tractor ploughing and
exceeding the Lorsch baseline.

A more general inference, stemming from application of
both intensity and disturbance models to Stafford and Lyminge is
that, within the process of ‘cerealization through extensification’,
high disturbance levels were frequently maintained. This finding
underlines the distinctiveness of early medieval farming, which, on
the one hand, suffered from diminishing inputs in terms of fertility
while, on the other, achieving remarkable levels of weed control
through mouldboard tillage. This ‘decoupling’ of trends in inputs
(predominantly fertility) and disturbance in some sense paved the
way for later developments in cereal farming in England — and more
widely across western Europe — which variously promoted intensive
approaches to restoring fertility despite expanding scales of cultivation
(Bloch, 1931; Bayliss-Smith, 1982; Williamson, 1998 and this volume).
This stands in contrast to the kind of extensification apparent in
Romano-British farming. As shown by Lodwick (this volume), there
are signs of low-input crop husbandry in Roman Britain, but no
definitive evidence for a mouldboard plough: extensive farming in
the Roman period may therefore have entailed both low fertility
and low disturbance, with their decoupling coming only when the
mouldboard plough came into more widespread use in the early
medieval period. Hence, while there may be a consistent trend
towards extensification through the Roman and medieval periods —
as also seen in the Rhineland (Hamerow et al., forthcoming) — the
particular means and mechanisms of extensive farming may have
been different in each era.

Conclusions

The arable weed-based models considered here provide complementary
means of assessing the overall intensity of arable land management
and growing conditions, and the specific role of mechanical soil
disturbance. Application of these models to two contrasting case
studies — Stafford in the lowlands of the West Midlands, and Lyminge
among the chalk downs of Kent — illustrates some of the variety
we might expect across England (see McKerracher, this volume, for
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another archaeobotanical application of the disturbance model). On
the one hand, the ecological setting, chronology and social geography
of each site clearly shape its uptake and deployment of innovations
such as the mouldboard plough. On the other hand, even in two such
distinct cases it is possible to discern variations on similar agroeco-
logical themes: the cerealization of local landscapes through extensive
management, and effective tillage through the mouldboard plough
and bare fallow. The wider emerging picture suggests that these
processes played out through the early medieval period, resulting in
a tendency towards diminishing fertility alongside consistent levels
of disturbance comparable to mouldboard ploughing, at least in the
Central Zone where most available archaeobotanical data are concen-
trated (Hamerow, this volume; Hamerow et al., in prep.). Given this
bias, the western and south-eastern case studies considered here are
instructive in suggesting the wider relevance of these trends.
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3 Understanding Early Medieval Crop and Animal

Husbandry through Isotopic Analysis

Elizabeth Stroud

Introduction

The early medieval period saw changes in both animal and crop
husbandry methods in some regions, from the introduction of crop
rotation and the mouldboard plough to the possible reduction in
animal pasture (Hamerow, this volume). This paper explores the
nature of animal and crop husbandry during this period using
stable carbon and nitrogen isotope analysis. The stable isotopes of
carbon and nitrogen provide direct information relating to the diet
of animals and the soil conditions in which crops were cultivated.
For the first time, the isotopic values of early medieval English crop
remains are used to investigate whether cereals could have been
regularly consumed by domestic animals: for example, through
grazing on stubble or fallow fields. Two case study sites — Lyminge in
Kent and Stratton in Bedfordshire (Figure 4) — had both plant and
animal remains available for isotopic sampling, providing the unique
opportunity to explore changes in crop and animal husbandry over
time and between different species.

As crop and animal husbandry are interlinked, understanding
one can provide information regarding the other. Arable expansion
could have reduced the availability of pasture, thus restricting the
grazing locations of animals. Conversely, grazing on stubble or fallow
fields may have increased as arable cultivation expanded. Grazing of
the fallow by livestock is thought to be a method of increasing the
fertility of the soil, with sheep manure and urine providing nitrogen
and phosphate (O’Connor, 2011, 372). It has been suggested that the
expansion of arable farming in the early medieval period is linked to
a widespread increase in sheep rearing (Holmes et al., forthcoming),
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potentially associated with the use of sheep to manure stubble and
fallow fields (Campbell, 2000, 154).

Historical documents pertaining to fully developed open-field
systems indicate that sheep spent significant amounts of time on fallow
fields. In fourteenth-century France, for example, textual evidence
indicates that sheep grazed on fallow fields for four months of the
year (Carroll and Wilson, 2012). In seventeenth-century Laxton in
Nottinghamshire, sheep could spend most of their lives grazing on
stubble and fallow: grazing the autumn field after the harvest until
October, when that field was ploughed in preparation for the sowing
of the spring crop (Haigh, 2016, 80). The sheep would then be moved
to the newly harvested spring field and could graze there until the
following October (Haigh, 2016, 81). Other livestock, such as cattle
and horses, would be removed from the fields by 23 November and
kept inside for winter (Haigh, 2016, 81). The reliance on fallow grazing
is thought to have increased over time — with the Laxton example
probably a consequence of rigid regulations and the lack of alternative
grazing locations — but exactly what occurred during the early medieval
period is unclear. Isotopic analysis of animal and plant remains offers
one way of understanding developments in the consumption patterns
of livestock during this poorly documented period.

While zooarchaeological studies have provided crucial inform-
ation regarding the relative proportions and regional variations
of domestic animals (e.g., Holmes, 2014; 2016; Sykes, 2007),
understanding the animals’ diet is more difficult and requires the
use of other methods. Some studies have used tooth wear and related
pathologies to investigate dietary inputs (Wilkie et al., 2007; Holmes
et al., 2021b), but stable isotope analysis offers a more direct method
of investigating diet: as demonstrated, for example, by isotopic
research on medieval pigs (Hamilton and Thomas, 2012; Hammond
and O’Connor, 2013) and herbivores (Evans et al., 2007; Miildner
et al., 2014).

Background to the sites

Lyminge

Lyminge is located on chalk bedrock at the head of the Nailbourne
river valley, eight kilometres from the Kent coast (Figure 4). The
site has access to different soils: while it is surrounded by silty soils,
areas of deep loam and clay, as well as seasonally wet deep clay, are
accessible to the south and east of the site. Palacoenvironmental
reconstruction as well as historical records indicate wooded areas
in the vicinity during the early medieval period (Maslin, 2017).



Excavations by the University of Reading (2007-14) have revealed a
long occupation sequence including a seventh-century hall complex,
a mid-seventh- to late ninth-century monastic centre, and a tenth-
to twelfth-century archepiscopal estate (Thomas and Knox, 2012;
Thomas, 2013). A seventh-century plough coulter excavated here
represents the earliest archaeological evidence for the mouldboard
plough in early medieval England, making this a key site in the
history of early medieval farming (Thomas et al., 2016; Bogaard et al.
and Hamerow, this volume).

Bioarchaeological research into early medieval agriculture at
Lyminge has been extensive. Archaeobotanical research indicates that
a range of crops was cultivated throughout the occupation sequence,
with a particularly diverse range of crops and weeds represented in
the eighth- to ninth-century phase (McKerracher, 2017; Bogaard
et al., this volume). Zooarchaeological and isotopic research has also
been conducted at the site (Knapp, 2018). Zooarchaeological analysis
reveals that cattle, the dominant animal between the fifth and seventh
centuries, was superseded by sheep in the eighth- to ninth-century
phase. This shift could indicate a change in the provisioning of the
site or in the wider animal economy, or perhaps an increase in the
importance of arable agriculture, given the mobility of sheep and
their potential use in grazing and manuring the fallow (Knapp, 2018).

Stratton

Stratton lies in the Ivel valley in east Bedfordshire (Figure 4). The
soils surrounding the site comprise easily worked, free-draining
loams; deep clays which are prone to waterlogging; and seasonally
wet alluvium. Local pollen evidence indicates that the area was a
relatively cleared landscape throughout the early to late medieval
periods, with some wooded areas available for use by the inhabitants
(Shotliff and Ingham, 2022).

Large-scale excavations by Albion Archacology (1990-2003)
revealed an occupation sequence spanning the fifth to seventeenth
centuries, with extensive, formal settlement planning evident from
the seventh to ninth centuries onwards — perhaps indicating some
ecclesiastical oversight (Blair, 2013, 33). Research into the agricultural
activities at the site has indicated that a wide range of crops were
consumed throughout its occupation history, including both bread
and rivet wheat, barley, oat and rye (Moffett and Smith in Shotliff and
Ingham, 2022). Documentary evidence suggests that Stratton may not
have produced its own barley, but rather received it from Biggleswade,
the manorial centre of the parish, at least by the thirteenth century:
the local rolls of assess from 1297 indicate that barley was cultivated
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at Biggleswade but not at Stratton (Shotliff and Ingham, 2022).
Zooarchaeological research highlights a heavy reliance on cattle,
supplemented by sheep and pigs, to provide meat for consumption.
Cattle appear to have been slaughtered at an older age over time, and
a rise in the proportion of female cattle indicates a possible increase in
the importance of secondary products such as milk (Maltby in Shotliff
and Ingham, 2022; Holmes in McKerracher et al., forthcoming).

Stable carbon and nitrogen isotopes

The analysis of cereal grains’ stable carbon isotopic ratio (§"°C) allows
information about the growing conditions of the plant to be gained,
particularly how wet or dry the environment was during cultivation.
This is due to the fact that wheat, barley, oat and rye use the C,
photosynthetic pathway which preferentially selects the lighter isotope
of carbon over the heavier one. The plant, when absorbing the CO,
required for photosynthesis, can also lose water via its stomata. Thus,
there is a trade-off between the absorbance of CO, and the conser-
vation of water. In times of water limitation, that plant will close its
pores to reduce water loss; the plant has to use any of the intercellular
CO, present, including the heavier isotope of carbon, and therefore
the ratio changes in a more positive direction.

The isotopic ratio of the absorbed CO, also has an impact on the
8" Cvalue of the plant. In locations where the CO _ stable carbon isotopic
ratio has been depleted — i.e., closed canopy forest and woodlands —
the plant’s isotopic value will also be depleted. Consequently, plants
within closed environments will have a more negative §”C value
compared with those in open environments (Bonafini et al., 2013).
The consumption of plants from such environments by animals will
be reflected in their isotopic values which will be more depleted in PC.

There is, however, a fractionation which occurs between diet
and consumer. A 4.8%o difference between the consumed plant
matter and the animal’s collagen carbon isotopic value has been
found (Fernandes et al., 2012). There are also differences in isotopic
values between stems, seeds and leaves in both carbon and nitrogen.
Experiments indicate that there is a difference between cereal grains
and chaff (rachis): —2.4%o for 6°N (Fraser et al., 2011) and -2%o for
OBC (Wallace et al., 2013).

The ratio of the stable isotopes of nitrogen (8®N) provides
information regarding the soil ®N enrichment. The proportion of the
heavier isotope ("N) within the soil, compared to the lighter isotope
(*N), provides information about the modes by which nitrogen found
its way into the soil, and the processes which may have changed the



nitrogen into different compounds in the soil. Different environmental
processes affect soil PN enrichment. Factors such as seasonal wetting
and drying, salinity, waterlogging and aridity can all change the ratio
of N to ®N in the soil (Handley et al., 1999; Hartman and Danin,
2010; Heaton, 1986; Yousfi et al., 2010). The addition of manure to
the soil also changes its isotopic ratio (Senbayram et al., 2008; Fraser
et al., 2011). Manuring in agriculture to increase the fertility of the soil
enriches the soil in N as a large proportion of the lighter isotope (“N)
is released as ammonia gas. The remaining nitrogen in the soil (in the
form of ammonium) is therefore enriched in ®N.

Stable nitrogen isotopes can also provide information regarding
the trophic position of a species. As plants absorb their nitrogen from
the soil, their N values are some of the lowest in the food web.
Herbivores consume, and thus take their nitrogen from, the plants. It
is believed that the fractionation of that nitrogen occurs during amino
acid synthesis, with the heavier "N retained and the light N excreted
(DeNiro and Epstein, 1981). There is about a 3—5%o increase between
each trophic level, with researchers commonly using an average as
an estimate of the diet-to-tissue discrimination factor (Minawaga
and Wada, 1984; Steele and Daniel, 1978). Thus, it is possible to
infer the relative position of different animals within a food web,
understanding the different dietary positions of herbivores, omnivores
and carnivores. The §"C values of consumed plants vary, according
to different ecosystems and photosynthetic pathways (Chisholm et al.,
1982; Schoeninger et al., 1983; van der Merwe and Vogel, 1978). Due
to dietary routing, there is about a 4.8%o difference between the §°C
value of the consumed food compared to the consumer (Fernandes
et al., 2012).

Methods

The plant material from Lyminge and Stratton derived predominantly
from mixed archacological deposits where it is possible that the grains
originated from multiple depositional events; grains were therefore
analysed individually, rather than as bulk samples. Grains from
mixed deposits are more likely to be from different years/harvests, so
bulk samples, which average those grain together, would have been
providing an average of multiple years’ harvests and thus obscuring
any variations between harvests. In total, so charred grains from
Lyminge were analysed, representing four species — free-threshing
wheat (Triticum L. free-threshing type), rye (Secale cereale L.), oat
(Avena L.) and hulled barley (Hordeum vulgare L.). The grains came
from four different periods (sixth-century, eighth- to ninth-century,
ninth- to tenth-century, and eleventh- to twelfth-century), with the
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majority coming from the well-preserved eighth- to ninth-century
phase. For Stratton, the plant material suitable for isotopic analysis
was limited because of the high temperatures at which most of the
grains had been charred. In total, thirteen grains of rye and barley
were analysed from two phases: the eighth to ninth centuries, and the
fifteenth to sixteenth centuries.

The selected grains were those whose internal and external
morphology indicated a charring temperature in the range of
230—300°C. This was necessary because an understanding of the
offset between charred and uncharred material would be required to
reconstruct diet, with current research only conducted up to 300°C
(Nitsch et al., 20155 Stroud et al., in prep.). Three grains per site were
analysed using FTIR (Fourier-transform infrared spectroscopy) to
determine the presence of contaminants (as per Vaiglova et al., 2014).
No peaks associated with carbonate, humics or nitrates were detected
in the Stratton material and so no pre-treatment was conducted.
However, the Lyminge FTIR analysis detected a large peak at 870
cm™!, with a second smaller peak at 720 cm™. These peaks correlate
with carbonate contamination and so the samples were pre-treated.
The grains were placed in 0.sM HCL, which was heated at 70°C for
40 minutes or until any effervescence stopped. The acid was decanted
and the samples washed in water until they reached a neutral pH. The
samples were then frozen, then freeze-dried.

The collagen samples from animal bones were selected so as
to prevent multiple measurements of the same individual: elements
determined to be from only one specific side of the body were
used. Forty-three bone samples from sheep, pig and cattle were
chosen from Stratton covering four phases: fifth- to sixth-century,
seventh- to ninth-century, tenth- to twelfth-century, and thirteenth-
to fourteenth-century. Thirteen bone samples from two species (cattle
and sheep) were selected from Lyminge, most samples dating to
the later phases of the site. The bones were cleaned of adhering soil
using a sandblaster and c300 milligrams of bone was removed. The
material was crushed and then demineralized in 0.5 M HCL for 24—48
hours, until the mineral phase of the bone had dissolved. The acid
was decanted and the samples rinsed three times before being heated
in acidic water (pH 3) at around 70°C for 48 hours. The solution
was filtered using Ezee Filters, the liquid then frozen, and then
freeze-dried for 48 hours.

The samples from Stratton, both plant and collagen, and the
collagen samples from Lyminge, were analysed at the Research
Laboratory for Archaeology and the History of Art at the University
of Oxford on a SerCon EA-GSL mass spectrometer. The plant samples



from Lyminge were sent to Iso-Analytical Ltd for simultaneous carbon
and nitrogen determination using a Europa Scientific 20-20 IRMS.

The samples analysed at Oxford used a combination of internal
standards of Cow (8*C -24.28%o, 8°N 7.76%o), Seal (6"*C -12.6%o,
0PN 16.3%0), Alanine (§"°C -26.91%0, 0N -1.57%0) and Leucine
(OC -28.23 + 0.07%0, 0PN 6.35 + 0.19%o), in addition to EMA-P2
(8C -28.19 * 0.14%0, 8°N -1.57 + 0.19%o) (see project archive for
full details: McKerracher et al., forthcoming). Every tenth sample was
duplicated to understand precision. For the plant samples analysed
at Iso-Analytical, four IAEA standards (N1, N2, CH6 and CHy)
were included, along with EMA-P2. Iso-Analytical also included
their in-house standards of IA-Ro4s, IA-Rogs, IA-Ro46, IA-Roos,
and IA-Roo6. In total, four standards were used for calibration per
isotope (CH6, CH7, IA-Roos and 1A-Roo6 for carbon and Ni, N2,
IA-Ro4s and IA-Ro46 for nitrogen), while P2 and IA-Roor were used
as check standards.

Precision, accuracy and overall uncertainty were calculated as
per Szpak et al. (2017) and are recorded in the project database for
the different sites and materials (McKerracher et al., forchcoming).
All plant results were adjusted by 0.16%o for §*C values and 0.34%o
for 8N values to account for charring and to allow comparison with
uncharred materials (as per Stroud et al., in prep.). Reliability of the
plant isotope values was assessed on the basis of correlation between
%N and 8"N values or %C and §"C values; if any strong correlation
was found, the specific samples were removed.! The C:N ratio of
the collagen samples was used to determine if they fell within the
acceptable ranges of 2.9 and 3.6 (DeNiro, 1985; Ambrose, 1990).

In addition to the new isotopic measurements of animal collagen,
the isotopic values of 85 previously analysed samples were included
from Knapp (2018). The additional 13 samples analysed in the FeedSax
project extended the overall temporal range of the samples into the
later phases (spanning the tenth to twelfth centuries). All published
and new data from Lyminge’s sheep, cattle and pig samples were
combined for this publication (original data in Knapp, 2018 and
McKerracher et al., forthcoming). Sheep and sheep/goat data have
been considered together as sheep. Although sheep and goat are
seldom zooarchaeologically distinguishable, it is assumed that most of
the samples analysed here represent sheep, since previous research has
indicated that goats are genuinely rare in medieval bone assemblages
in England (Salvagno and Albarella, 2019).

1 One sample from Stratton and two from Lyminge were removed due to a
correlation between high 6N values and high %N.
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Diet reconstruction was modelled on Styring et al. (2017), using
ellipses to understand the theoretical isotopic signature of different
dietary inputs. The theoretical isotope range of an animal consuming
100 per cent cereal grain was calculated as the mean of the cereal
values for the phase in question plus 4%o for 6N trophic offset, and
plus 4.8%o for the 6"°C dietary offset. The theoretical isotope range
of an animal consuming 100 per cent cereal rachis was calculated
as cereal grain minus the offset between grain and chaff (-2.4%o for
0PN, as per Fraser et al., 20115 —2%o0 for §°C, as per Wallace et al.,
2013), with the result then adjusted to account for the dietary offsets.
The isotopic ratio of wild vegetation is difficult to calculate because
of the lack of wild herbivores within the early medieval assemblages:
wild herbivore collagen values minus the dietary offsets are commonly
used as a proxy for wild vegetation (e.g., Styring et al., 2017). Roman
deer values from Kent were used as a potential ‘natural’ vegetation
baseline for the site of Lyminge (data from Madgwick et al., 2013)
as they will have occupied geologically similar landscapes. The use
of deer data from the Roman period assumes that the fallow deer
were not consuming agricultural products, an assumption which in
other periods would be questionable, given the propensity of fallow
deer to graze in agricultural fields. However, research by Madgwick
et al. (2013) indicates that, in Roman Britain, the deer were most
likely enclosed in an area for display, preventing them from grazing
within the agricultural fields. The use of deer isotope values from Kent
provides an estimation of the ‘natural’ vegetation’s §8°N and §“C
values for the region and can be applied, with some caveats relating
to different time periods and differing locations, to the Lyminge data.
For Stratton, no isotopic results from wild herbivores in the region
(or local geology) exist, making it difficult to estimate the isotopic
value of ‘natural’ vegetation. The use of the deer values from Kent
would be highly problematic in this case because of the geological
difference between the two regions; consequently, the interpretation
of the Stratton dataset has been conducted without an understanding
of the ‘natural’ vegetation’s isotopic value.

Results

Lyminge: plants

The results of the isotopic analysis of plant remains from Lyminge
show variable ranges in §”°C and 8"N values depending on the
crop examined. The overall mean §"C values of the crops reflect
the physiological differences expected if the crops were cultivated
in similar soil moisture availability: barley (-23 + 1%0) and oat
(-23.9 % 1%o) are lower than wheat (-22.2 + 0.8%o) and rye (-215 *



0.85%o) (Plate I1a). However, when separated into phases (Plate IIb),
the physiological separation of the species is not as consistent. The
sixth-century samples show no statistical difference between the
mean barley and free-threshing wheat values (-23.5 + 1.3%0 and -23
+ 0.6%o). The eighth- to ninth-century phase has samples of all
four crop species, and the means of the samples reflect some of the
physiological differences expected if the crops were cultivated in
the same soil moisture availability. As expected, oat (-23.9 * 1%o) is
significantly lower than the other crops, though barley and wheat are
highly variable, with barley’s mean (-22.7 + 0.8%o) not 1-2%o lower
than wheat’s (-22 + 0.9%o). Rye’s mean (-215 + 0.85%o) is higher than
the wheat and barley mean. Statistically, oat’s mean is different from
wheat and rye (p < o.oor Tukey post hoc), while the other three
species are not statistically different from each other; such results are
expected of oat, wheat and rye when grown in the same soil moisture,
but the similarity of barley to wheat and rye is not as expected, with
less than a 1%o difference between them. The high variability seen in
wheat and barley is most likely the reason for the lack of statistical
difference; the rye and oat values are less variable. The lack of multiple
species in the other two phases limits any interspecies comparison.

The 6N values, like the §"C values, show high variability,
especially in the barley and wheat values. Overall, the means of the
four species are within 2.5%o of each other, with oat the lowest (2.3 +
0.9%0); wheat (3.9 + 2.1%o), barley (4.2 + 2.2%0) and rye (4.6 + 0.3%o)
are within 1%o of each other (Plate IIc). The highly variable ranges of
wheat and barley are noticeable, having standard deviations of greater
than + 2%o. Comparison of the samples by phase shows a similarity
in means for the sixth-century samples; the difference between means
is ~1%o. The eighth- to ninth-century phase has similar values for oat
and free-threshing wheat (2.4 + 0.9%0 and 2.3 + 2.1%0), and similar
means for rye and barley (4.6 + 0.3%o0 and 4.9 + 2.2%o). Statistically,
oat’s mean is different from those of barley (p = 0.01) and rye (p =
0.007), while wheat’s mean is different from that of rye (p = 0.02)?
(Plate IId).

Lyminge: animals

The §"C values of sheep, cattle and pig, regardless of phase, range
from -23.1 to —20.4%o (Plate III). Cattle and sheep means are similar
(-21.8 £ 0.4%o, —21.7  0.5%0) while pig is more positive (~21.1 + 0.4%o)
and statistically different from both cattle and sheep (p < o.001)’.

2 Kruskal Wallis rank sum test with post hoc Dunn test.
3 Anova with a Tukey post hoc test.
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Within the fifth- to seventh-century phase, pig (-21.1 + 0.5%o) has a
more positive §°C mean value than cattle (-21.8 + 0.5%o) and sheep
(-2L5 + 0.4%o). Post-hoc testing shows that the pig mean is different
from cattle (p < 0.001) and to a lesser extent, sheep (p = 0.055), while
the sheep and cattle means also differ from each other (p = 0.056)*
(Plate IITa). Similar trends are seen in the eighth- to ninth-century
phase, with pig (-21.2 + 0.3%o) significantly different from both sheep
(-21.9 + 0.5%o0) and cattle (-21.7 + 0.3%o0) in terms of 6*C values,
due to a more positive mean 6"*C value (Plate Illc) (p < 0.001 and
p = 0.008 respectively). In the tenth- to twelfth-century phase,
only cattle and sheep were sampled, with no significant difference
between their mean §°C values (-21.5 + 0.4%0 and —22.1 + 0.6%0)
(Plate Ille).

Examining each species through time reveals limited changes in
8C values. Cattle show no significant differences between phases,
with the means from each phase falling within 0.4%o of each other
(Plate III). Sheep display rather more change over time: there is a slight
trend towards more negative 8"°C values, with a decrease from the
more positive mean of -21.2 + 0.5%o in the fifth to seventh centuries,
to a low of —22.1 + 0.6%o in the tenth to twelfth centuries (Plate III).
However, statistical testing suggests no significant difference between
the phase means (p = 0.07). Pig samples are only available from
the first two phases, and the means for these phases show limited
differences.

The 6N values of the animals examined range from 1.3 to
11.8%o. The mean values of sheep (5.9  1.3%0), cattle (5.7 + 1.5%o)
and pig (5.9 + 1.3%o) are very similar. In the fifth- to seventh-century
phase, the same trends are seen with sheep (6 + 1.1%o), cattle (5.8
+ 1.6%o) and pig (6.2 + 1.6%o) falling within 0.4%o of each other.
The eighth- to ninth-century and tenth- to twelfth-century phases
follow very similar patterns, with the species means not significantly
different from each other (Plate III).

Comparing the species through time shows limited differences
between phases. Pigs are only represented in the first two phases
and, while their "N means are lower in the second phase than in
the first, the difference is not significant. Cattle means are relatively
consistent over time, with a slight enrichment in "N during the tenth-
to twelfth-century phase. Sheep 6N means are also consistent over
time with just a slight depletion in the eighth- to ninth-century phase.

4 Anova with a Tukey post hoc test. Note that sheep vs cattle is just
insignificant at the arbitrary o0.05 level with a p-value of 0.056. Sheep
compared to pig also has a similar p-value of 0.05s.



The potential diet of the animals can be investigated using
the plant values from the site. Plotting the animal data against the
theoretical isotopic range of an animal consuming 100 per cent cereal
rachis or 100 per cent cereal grain indicates that the animals could
have been consuming cereal rachis/straw in both the sixth-century
and the eighth- to ninth-century phases, and/or stubble and fallow
vegetation (there appears to be limited offset between leaf and rachis)
(Plate IV). Evidence that the cattle, sheep or pigs were consuming a
high proportion of cereal grain is limited. The lack of wild herbivore
remains from the site prevents us from using their data as a proxy
for natural vegetation, but there are isotopic values for Roman fallow
deer from Kent which provide a general impression of the natural
vegetation (see Methods section above for justification and caveats).
The overlap between the hypothetical range of animals consuming
‘natural’ vegetation and that of animals grazing on arable fields
indicates that the livestock at Lyminge were possibly consuming a
combination of the two vegetation types, and that manuring levels
were low.

Stratton: plants

Barley and rye samples from Stratton have similar overall mean §*C
values (barley: —24 + 1.3%o, rye: —23.7 £ 1.7%o); there is no evidence
of the species-specific offset expected if they were grown in the same
water availability conditions (Plate Va). Comparing samples from the
cighth- to ninth-century phase reveals a similar pattern. There is a
~1%o difference in the expected direction between the means (batley:
~24  1.3%o, Iye: —23 * 1.1%o), but the high variability means that there
is no statistical difference between the two groups. Looking at rye
over time indicates that there is a difference in means, but statistical
testing does not indicate a significant difference between the means,
most likely because of the wide standard deviation (-23 + 1.1% in the
eighth to ninth centuries, and -25 + 2.2%o in the fifteentch to sixteenth
centuries) (Plate Vb).

A student t-test indicates that there is a difference between the
two species’ 0”N means (batley: 8.2 + 0.7%o, rye: 6.3 £ 1.7%0) (p =
0.03) (Plate V). The eighth- to ninth-century data also indicate a
difference of ~2%o0 between the two species’ means (t-test p = 0.04)
(Plate Vd). Statistical comparison of the rye samples by phase shows
no significant difference between the means, even though the means
differ by over 1%o (5.8 + 1.79%o for the eighth to ninth centuries, 7.1
+ 1.5%o for the fifteenth to sixteenth centuries).
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Stratton: animals

The 8"C values from the Stratton animal collagen, examined without
regard to phase, range from -21.2 to -19.7%o. Cattle and sheep have
similar §"C values (-21.6 + 0.4%0 and -21.9 + 0.5%o respectively),
while the pigs’ values are more positive (-20.9 + 0.7%o). Post hoc
testing’ indicates a difference between the pig and sheep means
(p < 0.001) and pig and cattle means (p = o.o1).

Dividing the samples by phase shows that cattle and sheep have
similar §°C values in the fifth to sixth centuries (Plate VIa—b). By
the seventh- to ninth-century phase, the number of pig samples allows
comparison between the three species; there is limited difference in
0"°C values but the trend for pig to have more positive §°C values
is apparent (Plate VIc—d). During the tenth- to twelfth-century
phase there is a more species-specific separation in carbon values;
the sheep §"C mean is more negative (-22.3 + 0.3%o) than that of
pig (-21.2 + 0.6%0) and cattle (-21.5 + 0.6%o), with post hoc testing
indicating a difference between sheep and pig means (p = 0.023)
(Plate VIe—f). In the thirteenth- to fourteenth-century phase, due to
limited cattle samples, only sheep and pig can be compared; there
is limited difference between their means because in this phase the
sheep have more positive values than in the other phases (-2r5 *
0.5%0) (Plate VIg-h).

Comparison of the species’ §'°C values through time is possible,
although limited samples in some phases prevent all phases being
included for all species. Sheep means stay within 1%o of each phase,
but during the tenth- to twelfth-century phase sheep are at their most
negative and further from the means of other phases. Statistically,
however, there is limited difference between sheep means over the
four phases. Cattle only have enough samples in the first three
phases to allow for comparison and have very similar means (within
0.5%0) with no statistical difference between them. Pigs can only
be examined for the final three phases and have limited differences
between them.

The mean §°N values of the three species are similar (sheep 7.1
+ 1.2%o, cattle 6.6 + 0.8%o and pig 6.9 + 0.7%o) and, when phasing is
disregarded, statistically there is limited difference between the means
of the three species (Plate VI). Examining the data by phase shows
a consistency in mean 0N values, with all species having similar
mean values within each phase. One notable detail is the small range
of the pig 6N values in the thirteenth- to fourteenth-century phase.

s Anova with a Tukey post hoc test.



While this is only based on three individuals, the pig 8°N values are
very similar but their 8*C values are variable, especially compared
to the tenth- to twelfth-century data which sees the opposite trend.
Consideration of the individual species through time also reveals no
difference between the phases in either §°C or §°N mean values.

The diet of the animals at Stratton was investigated by projecting
the theoretical isotopic values of animals consuming 100 per cent
cereal grain and 100 per cent cereal rachis (Plate VII). The limited
number of plant samples suitable for isotopic analysis from multiple
phases of the site restricts our ability to trace change over time.
However, the high variability in the cereal grain isotopic values is
consistent with the animals consuming cereal chaff in the seventh-
to ninth-century phase, and this trend is also seen when all data are
combined irrespective of phase. Interpreting the diet of the animals
furcher via the plant isotope data is difficult because we have limited
understanding of the isotopic value of the natural vegetation at
Stratton: it is possible that the natural vegetation and arable fields had
indistinguishable isotopic signatures.

Discussion

Crop husbandry: rotation and fertility

The crop isotope results from Lyminge and Stratton provide an
indication of cultivation conditions and support an assessment of
the likelihood that crops were cultivated in rotation. At Stratton, the
nitrogen isotope results indicate that some crops were cultivated in
slightly different soil conditions, with a statistical difference between
rye and barley. The lack of difference between the rye and barley
813C values also suggests that the two crops were cultivated in slightly
different conditions: either a difference in annual precipitation or
cultivation on different soils resulted in different water availability.
Such evidence correlates with historical documents which record, by
the thirteenth century, the cultivation of batley at Biggleswade — the
centre of the parish — and the cultivation of rye at Stratton (Shotliff
and Ingham, 2022). This in turn suggests that Biggleswade provided
barley for the smaller settlement of Stratton, and the isotopic evidence
now indicates that this may already have been the case prior to the
thirteenth century. Whether the difference between the 6N values
is due to different crop husbandry methods, such as the addition
of manure to the soil, is difficult to ascertain because of our lack
of information about the natural soil "N enrichment at Stratton.
The functional ecology of weed species from the site indicates that
a trend towards low fertility and extensive cultivation had begun by
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the eighth to ninth centuries, which suggests that, if manuring was
occurring, it was having a limited effect on overall fertility (Hamerow
et al,, in prep.).

At Lyminge, the cultivation conditions of the four crops varied.
During the sixth century, the "N values of wheat and barley are
similar, with a ~1%o difference between them indicating similar levels
of ®N enrichment. However, the similarity between barley and wheat
§"C values may indicate either a difference in soil moisture between
the two species or differing annual precipitation. The eighth- to
ninth-century samples provide an opportunity to look at all crop
species and show some differences due to high variability in wheat
and barley. There are some similarities in water availability, suggesting
similar soil moisture conditions, with oat offset from the other crops
as expected. However, the highly variable barley values produce a
mean value similar to those of wheat and oat, something which
would not be expected if the crops had been grown in the same soil
moisture conditions. Again, theoretically, the difference could be
due to differing annual precipitation amounts, or to cultivation in
different soils — i.e., free-draining chalk compared to heavier clays
which occur around the site. The 6N values confirm that differences
in soil conditions are a contributory factor, with the barley and rye
from this phase cultivated in a more enriched location than oat.
The high variability seen in wheat and barley (in both 6"°C and
O0”N) compared to the other crops could indicate that these crops
were cultivated across a variable landscape of different soil types
and water retention, or else were imported from different locations.
The different "N enrichments of the soils could be due to different
natural properties of the soil, or to the variable addition of manure in
different fields. However, natural variability seems more likely for two
reasons. The first is that a study of functional weed ecology at the site
indicates low fertility, which implies that manuring was either limited
or ineffectual (see Bogaard et al., this volume). Second, when the 8N
values of the crops are compared to the adjusted values of the Kent
deer (which act as a proxy for the natural "N enrichment), there are
strong similarities. This suggests that the arable fields have similar "N
enrichment to the ‘natural’ vegetation, indicating limited manuring.

The plant isotope results highlight the variability of the arable
landscape in terms of ®N enrichment and water availability. The two
sites examined do not reveal evidence that species were systematically
cultivated in rotation; similar 8°N means and the expected §“C
offsets are not present. The lack of additional species, especially at
Stratton, limits our conclusions. If barley was cultivated elsewhere,
it is possible that a different crop such as wheat or oat (both present



in the archaeobotanical record at the site) was grown in rotation
with rye. It is also possible that the high plant isotopic variability
seen for some species, for example barley and wheat at Lyminge,
may suggest different growing conditions were being maintained
by different farmers. Hence, it is possible that no systematic rotation
occurred during the phases with isotopic data from multiple species,
but this does not rule out individual farmers cultivating crops in
rotation, or the use of two-course rotation (the weed ecological data
from Lyminge are plausibly consistent with two-course rotation: see
Bogaard et al., this volume).

Animal husbandry: grazing locations and diet

One of the main aims of this research is to investigate whether the
grazing of stubble and/or fallow fields can be detected isotopically.
The impact that such grazing would have on the isotopic ratio of
animal collagen is dependent on two things: the proportion of the
animal’s diet provided by stubble and/or fallow field grazing, and
how different the isotopic ratio of such a diet is compared to the
consumption of other vegetation — i.e., pasture or ‘natural’ grazing.
It is hypothesized that a change in the isotopic ratio of animals over
time might indicate a change in diet. It is thought that the grazing of
stubble may have increased as the availability of pasture declined over
the course of the early medieval period; if so, changes in animal diet
indicated isotopically may reflect an increased dependence on stubble
grazing. It is possible that such a change would be represented by an
increase in "N values, as stubble contributed increasingly to the
animals’ diet — provided that there is an isotopic difference between
the arable fields and pasture/natural vegetation due to a higher input
of manure on the arable fields.

Looking for the two possible indicators of increased stubble
grazing in the Lyminge data is facilitated by both the high number
of samples compared to Stratton and the use of the Kent fallow deer
values as a proxy for ‘natural’ vegetation. While caution is required
when using the fallow deer values — minus dietary offsets — as a
representation of the natural vegetation, this approach provides a
possible guide as to what the isotopic value of natural vegetation
might be. It is possible that the animals at Lyminge consumed cereal
rachis, since the animal values fall within the cereal rachis ellipse
(Plate IV); but the limited difference between the ‘natural’ vegetation
and the cereal rachis ellipses indicates there is high similarity between
these two environments’ isotopic signatures, making it extremely
difficult to distinguish between them. The lack of any statistically
significant change within the Lyminge animals’ isotopic values over
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time (in either §*C or 6 N) suggests four possibilities: (i) that there
was no switch to stubble grazing over time, (i) that stubble grazing
was part of the animal husbandry regime from the beginning, (iii)
that consumption of stubble was occurring, but is ‘masked’ by similar
isotopic values representing the surrounding pasture, or (iv) that
stubble constituted only a small proportion of the animals’ diet.

Turning to the two possible indicators of increased stubble
grazing at Stratton, it can be seen that there is no change over time
in either "°C nor §®N values. The reconstructed ellipses of animals
consuming cereal grain or rachis at Stratton have very large ranges,
due to the high variability seen in the crop plant isotopic values, and
the limited number of plant isotopic samples (compare Plate VII with
Styring et al., 2017, Appendix 6). Due to the limited quantity of cereal
remains available from this site, only the seventh- to ninth-century
phase can be examined in this way; this restriction precludes any
investigation of trends through time, something which would be
crucial for identifying a general increase in stubble grazing. The
dietary reconstructions do not rule out animals consuming cereal
rachis — and therefore stubble — as the animal values do fall within the
potential rachis consumption ellipse (Plate VII). However, the highly
variable nature of the plant isotope values suggests a landscape with
variable "N enrichment, which results in the ellipses encompassing
the majority of possible isotopic values. If the theory that barley was
cultivated elsewhere than Stratton is correct, then this species must be
removed from the ellipse calculation. Removing barley has a limited
effect on reducing the resultant ellipse, however. Until another way
of understanding the isotopic value of pasture/natural grazing is
developed which does not rely on wild herbivore isotopic values, it is
difficult to determine whether stubble and natural pasture had similar
isotopic values at this site.

There is evidence of an environmental difference in nitrogen
enrichment between the two sites, with Stratton significantly more
enriched than Lyminge (Stratton averaging around 8%., Lyminge
6%o). The elevated nature of the Stratton samples in terms of ®N is
also noticeable when the values are compared to other early medieval
data (Mallet, 2016; Mallet and Stansbie, 2021). These results could
suggest that the land surrounding Stratton had a higher 8°N baseline
than other locations. Given the difference between the sites’ local
geologies — Lyminge located on chalk, Stratton in a valley with deep
clays which are prone to waterlogging — it is unsurprising that there is
a difference between the results from the two sites, and this highlights
the importance of using baseline data from the same geology/
environment. The lack of wild herbivores from Stratton precludes a



detailed understanding of the whole landscape enrichment in ®N,
although locations within the landscape which experienced seasonal
flooding, waterlogging, salinity or high amounts of animal/human
waste could explain the trend towards higher enrichment at Stratton.

It is possible to use the animal isotope results to understand
similarities and differences in diet between the different species. The
sheep and cattle from the two sites show limited statistical differences,
which potentially suggests that they consumed similar diets. At
Stratton, however, the more negative sheep §°C values in the tenth to
twelfth centuries, although they are not significant within the broader
sheep values, potentially indicate that the sheep during this phase
consumed plants from wetter or more closed canopy environments
within the landscape in comparison with Stratton’s cattle. The sheep
and cattle from Lyminge also show limited differences from one
another isotopically, especially in the eighth- to ninth-century phase
where the isotopic values are very similar, thus suggesting very similar
diets. There is some difference in the sheep values in the tenth- to
twelfth-century phase and, as at Stratton, more negative §°C values.
Such findings are limited by the small number of samples, but they
do raise the possibility that the sheep grazed on slightly different areas
of the landscape or were foddered in a different way compared to
the cattle during this period, at both sites. Factors which may cause
sheep to have more negative 6"°C values than cattle are either the
consumption of forage from wetter locations or the consumption of
forage from more closed environments (i.e., woodlands). It therefore
seems strange that sheep — commonly perceived as grazing in dry and
open landscapes — have more negative values. The small difference
between the animals’ values limits any further speculation as to
the significance of this difference in terms of animal management
practices; an increased sample size would help us to understand if the
pattern is just an artefact of low sample numbers.

The 6"C values of the pigs are consistently higher than those
of the other animals at both Lyminge and Stratton. The isotopic
difference between pig and the other ruminants is not gut-related, as
the differences in digestive systems should show the opposite trend,
with the ruminants enriched in *C due to methane production
(Hamilton and Thomas, 2012, 251). The difference could be related to
the pigs consuming plants from relatively drier locations compared to
the wetter locations of the ruminants, or the consumption of fungi by
pigs. The consumption of fungi has been shown to have the opposite
effect to shade on the 8C wvalues of its consumer, and this could
explain the enriched "C values of the pigs at Stratton and Lyminge
(Hamilton and Thomas, 2012). The pig 8N values are also not overly
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enriched, suggesting that these animals were not consuming a high
proportion of PN enriched food scraps such as meat. Instead, the
similarity of the herbivore and pig 6”N values indicates a similar
trophic level: pigs were more herbivorous than omnivorous. It is
possible that an omnivorous signal in pigs is being dampened down
by the consumption of pulses, but disentangling this possibility
is very difficult. Overall, it seems likely that the pigs consumed
proportions or types of food different from those consumed by sheep
and cattle, and the lack of change over time suggests that this was a
long-term practice.

Other isotopic research has found a difference between urban
and rural pigs in medieval England, with urban pigs being more
omnivorous (Albarella, 2006, 79); this correlates with the isotopic
results from Stratton and Lyminge. Historical documents indicate that
medieval swine husbandry relied on the exploitation of woodlands:
providing areas for the pigs to forage on roots, acorns and beech
mast (pannage) (Albarella, 2006, 77). Pannage is thought to have
extended as far back as the seventh century (Trow-Smith, 1957, 51).
The Domesday Book also provides an indication of the connection
between pigs and woodland: woodland was measured in terms
of the number of pigs it could support (Albarella, 2006, 77). The
results from Stratton and Lyminge may reflect the driving of pigs
within woodland for pannage. The more positive §"°C signal may
reflect the higher dietary consumption of fungi (compared to the
cattle and sheep), while the limited N enrichment indicates a high
proportion of plant protein in their diet, potentially from mast and
other woodland fruits and nuts. However, fattening of pigs using
pannage is traditionally seasonal, occurring in autumn and winter,
and therefore the pigs may have had a different diet for the other half
of the year (Wiseman, 2000, 33; Albarella, 2006, 77). Other options
would include feeding on crops, and possibly pasture or stubble fields,
an idea which has been explored above (Kelly, 1997, 83; Arabella,
2006, 77; Trow-Smith, 1957, 53).

Conclusion

The early medieval sites of Lyminge and Stratton provide the
opportunity to investigate changes in crop and animal husbandry
over time and between different species. At Lyminge, stable isotope
analysis of crop remains indicates that the crops were cultivated in
a landscape with variable N enrichments, potentially representing
different soil types. Differences between the crop species suggest
that systematic crop rotation was not occurring during the periods



for which we have isotope data; however, it is possible that rotation
was occurring on a non-systematic basis, practised by individual
farmers. The collagen results add additional data points to already
published isotopic values from Lyminge and, coupled with the cereal
grain results, allow for an attempt at animal dietary reconstruction
to investigate stubble/fallow field grazing. The results indicate a
high likelihood of similar isotopic values between natural vegetation
and arable forage (such as fallow fields and stubble), a consequence
of limited manuring due to extensification (see Bogaard et al., this
volume). Such conditions make it difficult to differentiate between
the two dietary sources. Similar findings at Stratton highlight the
problem of distinguishing between pasture and arable fodder isotop-
ically. At both Stratton and Lyminge, however, the isotopic results
do highlight differences in the animals’ grazing/foraging locations
within the landscape. Sheep and cattle had similar diets, grazing on
the pastures surrounding the sites and potentially on the fallow fields.
Pigs consumed forage which may have included fungi, which suggests
extensive foraging in woodlands.

This research for the first time brings together stable carbon and
nitrogen isotopic results from both plant and animal remains from
carly medieval England. The results provide additional information
regarding crop and animal husbandry during the period, which,
when combined with results from zooarchaeology, archacobotany
and palynology, help to provide a much more detailed picture of early
medieval agriculture.
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(b)

I The flora of relevant habitats at Laxton and Highgrove: (a) meadow verge (‘syke’) near Mill

Field at Laxton, Nottinghamshire; (b) organic cereal field at Highgrove’s Duchy Home Farm,
Gloucestershire.
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seventh-century phase, plotted singly in (b); (¢) shows the mean and
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@ (b)
O
° o
&
of CASEES
¢ :.ﬁ!llo .OO ©
% 00
3%..%
@]
Q
©
O
© )
]
= @
<&
[ X
3 ”Q %0
% 8
o &
Q
@ )
@ O
o @
(=]
o
I I T T T [ | T | [ [ [
-23.0 -225 -220 -215 -21.0 -205 -23.0 -225 -220 -215 -21.0 -205
8"3C (%o) 8"3C (%o)

¢ Pig
® Cattle
B Sheep




10 9 (a) 10 4 (b)
e - S N
)y 3
8 8 - GBS,
.ﬁ o |
A Yo/ |
8% o9 |
= 87 —~ 6 I gfo A 1
3-.39 3-.39 ! \ d) /
z z %
b W i Vo8 s
b = \
O 4 — o 4 [ ] N
A A AN ]
<
2 2
A o
A
0 0
T T T T T T T T
-26 -24 -22 -20 -26 -24 -22 -20
8"3C (%) 8'3C (%o)
104 (© 10 4 (d)
A Y - oo
4 \ / \
8 - 8 s 2
A Yy |I Y ll
A ¥ ) i \
" ".P o 1 J" A | I
C ™y .
- 8- pe? ~ )/ — & S
5] A @ a ] B A Ao
e ! 4 i e !
> | o / . L P
3 A A;‘ ’ 3 I\ ~ 4
< 4 eno - % “© 4 B
As
& 2
Aa
2 - A 2
A A
A
A
0 0
T T T T T T T T Fauna
26 24 22 -20 -26 -24 -22 -20 e Cattle
8"C (%o) 8"°C (%o) Pig
= Sheep
IV The collagen and plant §°N and §"C values from the Lyminge samples Cereals
plotted against a reconstruction of the possible isotopic distribution of Oat
animals consuming cereal grain and cereal rachis, as per Styring et al. (2017). | A4 Barley

The ellipses represent +1 standard deviation (darker shades) and +2 standard
deviations (lighter shades) of the possible isotopic value distributions of
animals eating 100 per cent cereal grain or 100 per cent cereal rachis, and
are derived from the plant values: (a) shows all data from Lyminge, while
(b) shows the fifth- to seventh-century samples, (c) the eighth- to
ninth-century samples, and (d) the tenth- to twelfth-century samples.

A Free-threshing wheat
A Rye

Dietary reconstruction
® 100% cereal grain
B 100% cereal rachis
m 100% natural




@ — T (b) .
B |
o |
' [
L
°
P ®
&
®
[ ]
1)
= &4 .
El [ ]
"(’J |
- [Te)
“© N |
RN E— ]
o)
&
M~
.
o L J
— @ . e
[ ]
o —
L]
~ -
- [ ]
£
.“_’z © — L
=] L]
[
w —
< -
L]
T T T T
Barley Rye 8-9th 15th

V The (a) 6"°C and (c) 8"N value box and whisker plots for the plant samples from
Stratton (means shown by white stars), with the full values for individual samples shown

divided by phase in (b) and (d).

® Barley
® Rye




8"5N (%o)

3"5N (%o) 8"5N (%)

3"N (%)

VI The 6"C and "N values of collagen from animals from Stratton: (a) shows the
mean and standard deviation of the three species from the fifth to the sixth centuries
with the sample values plotted singly in (b); (c) shows the mean and standard deviation
of the species from the seventh to the ninth centuries, with the sample values plotted

(@ (b)
[ ] 3 o
© )
o o
o
1 'S
© (f)
o
<&
e <
] <o
(1]
(g) (h)
_
<
_ . & o
_ .
T T T T T T T T T T 1
-23.0 -225 -22.0 -215 -21.0 -205 -20.0 -23.0 -225 -220 -215 -21.0 -205 -20.0

§"3C (%o)

8"°C (%o)

< Pig
B Sheep
® Cattle

singly in (d); (¢) shows the mean and standard deviation of species from the tenth

to the twelfth centuries, with the sample values plotted singly in (f); and (g) shows
the mean and standard deviation of the species from the thirteenth to the fourteenth
centuries, with the sample values plotted singly in (h).




@) (b)
9 - ‘B 9 - AE
A A
A A
8 8 —
< [
—_ 7 —_ 7
2 <o = <&
1w A 1] A B
< 6 o o 6 o
[ ] 8]
A A A A
5 5
4 4 -
A A
B T T T T | 8= T T T T |
-28 -26 -24 -22 -20 -18 -28 -26 -24 -22 -20 -18
.13 13
& °C (%o) 8"7C (%o)
VII The Stratton col%agen and plant isotopic values .for (a) all phases, .and — pp—
(b) the seventh- to ninth-century phase, plotted against a reconstruction of @ Sheep| | 4 Barley
theoretical isotopic distribution of animals consuming cereal grain and cereal © Pig A Rye
rachis, as per Styring et al. (2017). The ellipses represent +1 standard deviation © Cattle
(darker shades) and +2 standard deviations (lighter shades) of the possible e ——
isotopic value distributions of animals eating 100 per cent cereal grain or 100 ® 100% cereal grain
per cent cereal rachis, and are based on the plant isotopic values. = 100% cereal rachis




'
'
'

1

(

¢
f
i

\
\

/

CENTRAL

BIDDLESIQEN

: WESTBUR.‘Y -BY-SHENLEY

OXEY MEAD |/

ApLnGs
COPSE

EAST ANGLIA

MERE &
WILLINGHAMA ‘BRANDON

MERE J

ESSEX/LONDON

STANSTED
CGLEMANS FARM
A 5| DUGH HOUSE

A
EPPING FOREST i
A

BECKTON
SOUTH- EAST
LYMINGEr
W LITTLE
/ CHEYNE COWURT
/ PANMEL BRIDGE
{\‘ 0 125 25

_I.-‘f T N

Elevation
mOD

IA A IA A IA A
= = U O

o o U o o

o o o o

IA

~N oo WN
[= -]
(= =]

IA 1A IA
wu
o

—_
(=3
(=3
o

1250
1500
A Pollen sites

IA 1A

50 Kilometers

VIII Elevation map showing regional clusters of pollen sites discussed in the text.




Central East Anglia Essex/London South-East

14th-15th

10th-11th 1

8th-9th -

D000 2040608 2460810 2460810

VEGETATION TYPES

. Trees |:| Shrubs . Heaths I:l Herbs . Arable herbs .Pastoral herbs

IX Vegetation patterns within regional clusters averaged over two centuries. Very small catchment sites
and those with records covering fewer than five centuries were excluded.

centuries AD

6th=7th -

12th-13th I

4th-5th -




“paderoae a1am [y o1 pue udfjod qniys/2om Jo a8e1usdiad [e101 o1 AIn1uad o[3urs B woxy a1ep 21s & e sojdwres o[dnnuwr 219y 4\ *(S9POd ATS
10§ 1 9[qE], 99S) I2ISN[D YOBD UTYIIM ISED 01 159m Ppauelre oIe s [y U0 paseq asn pue| [eininoide (q) pue udjod qniys/aomn 23eiusdidg (¥) X

Wy asn pue| oN C))
uis
W _m‘_oummn_.
L m [esoised
we = ax|
we 3 feexn
- wot 3 PaXIN |
Wit 3|qele
- et /PaXIN
[ ] WeT
- Wt 3|qeay
o -
[T ®
us
u9 %00T
we -0L
wg © %69-05
we £ %6v-ov
- wot 3 %6€-0€
yit ° %62-0T
wet %6T-0T
L] ke et sor>
npT
- B
A 21 ad HS 40 1S d3 »d INH H9  INY MM IAM as am 2S WO  2podais
SIA ON ON SIA SIA SIA ON ¢ ON S3A ON ON ON & SIA ON SIA ¢,@¥s-uQ,

1SV3-HLNOoS NOANO1/x3ss3 VINONY LSV3 IVHLINID



‘On-site’> YES YES ? YES YES NO NO YES YES ? NO NO NO NO NO YES NO
Site code LY WB BK OM SH WM RM BR CF BD HM LC WW EP PB ST SC

15 -
Arable th
14th -
MiKEd/ 13th
arable 12th
Mixed 11th

century

I Mixed/ 2 10th -
pastoral 9th _
. Pastoral 8th
No land 7th
use 6th
5th
(a) 4th -

>50 15th -

40-49 14t =
30-39 34

2029 o .

1719 qam

10-14 2 1o,

i:g 2 oth

: 3 sth

. 7th l !

3 6th

5 5th

(b) lorless 4th -

LY \WB| BK oM SH | WM |RM BR CF |[BD| HM |LC EP|PB(ST|SC]

15th
14th
13th
12th
11th

10th 0

9th

8th

7th

6th [ ]

5th I I

century AD

4ath

. Rye D Cereals/large . Hemp/ . Flax . Cornflower D No data for

(c) grasses hops this period

m N oEm o

XI (a) Agricultural land use based on API, (b) ALUSS (agricultural land use signal strength) —
percentage of pollen related to arable/pasture, and (c) presence of key crops and arable weeds.
See Table 1 for site codes and names.
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4 Agricultural Land Use in Central, East
and South-East England: Arable or Pasture?

Emily Forster and Michael Charles

Pollen data provide the best available large-scale, long-term evidence
for vegetation and agricultural land use. In this paper we bring
together data from numerous studies covering parts of central,
east and south-east England spanning ¢. AD 300-1500, in order to
understand how the landscape, and particularly the nature and scale
of farming, changed over time.

This period encompasses the late Romano-British to post-Roman
transition of the fourth to fifth centuries, a time when population
declined and long-distance trade networks collapsed (Esmonde
Cleary, 1991). These changes are often assumed to have resulted in the
abandonment of farmland, as a significantly smaller population and
the end of army provisioning and grain exports would have reduced
demand for crops (e.g., see Lodwick, 20172, and this volume). Arable
land might have been left fallow, used for pasture or colonized by
woodland/scrub plant communities in this case. Farming is generally
thought to have been small-scale and mixed (arable and pasture) in
the mid-fifth to early seventh centuries (Banham and Faith, 2014).
As Hamerow (this volume) discusses, significant changes occurred
in the so-called ‘long eighth century’ (c. AD 680-830), including
the appearance of infrastructure for crop processing/storage and
livestock management. Population increased considerably between
the ninth and thirteenth centuries, and much of the landscape
came to be characterized by large-scale, ‘extensive’ (i.e., low-input)
arable production during this period (Bogaard et al., this volume).

We are very grateful to all who made pollen data available either directly or through the EPD, to Petra Dark
for valuable email exchanges about Sidlings Copse, and to Michael Grant for searching BPOL for relevant sites.
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However, the timing of changes in the nature and scale of farming

in Anglo-Saxon and medieval England are much debated (e.g.,
Hamerow, 2012; Williamson, 2013; Banham and Faith, 2014; Hall,
2014; McKerracher, 2018). In this paper, we use pollen evidence to
determine the scale and type of agricultural land use — namely arable,
pasture or a combination of the two — and to test assumptions about

land use in the post-Roman to medieval period, such as whether arable

land was abandoned in the early post-Roman period or expanded at

Table 1 Pollen sites included in this study

Code Site County, cluster Elevation Bedrock geology Local soils
(metres)
OM Oxey Mead Oxfordshire, Central 6o mudstone, siltstone and seasonally
sandstone wet deep clay
SC  Sidlings Copse  Oxfordshire, Central 100 limestone, sandstone, loam
siltstone and mudstone
WB  Westbury-by- Buckinghamshire, 100  sandstone, limestone and  shallow loam
Shenley Central argillaceous rocks
BD Biddlesden Northamptonshire, 115 sandstone, limestone and seasonally
Central argillaceous rocks wet deep clay
WM  Willingham Mere Cambridgeshire, East 2 mudstone, siltstone and deep clay
Anglia sandstone
WW  Welney Washes Norfolk, East Anglia 2 mudstone, siltstone and seasonally
sandstone wet deep silt
RM Redmere Norfolk, East Anglia o mudstone, sandstone and ~ peat
limestone
BR  Brandon Suffolk, East Anglia I chalk peat
HM Hockham Mere Norfolk, East Anglia 33 chalk peat
BK  Beckton London, Essex/London 4 clay, silt, sand and gravel seasonally
wet deep clay
EP  Epping Forest  Essex, Essex/London 17 clay, silt, sand and gravel  seasonally
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the expense of pasture in the ninth to thirteenth centuries. There is
considerable overlap between FeedSax and other large-scale landscape
studies, including the Fields of Britannia project (Rippon et al., 2015),
the English Landscapes and Identities project (Gosden et al., 2021) and,
before that, Petra Dark’s seminal book, 7he Environment of Britain in
the First Millennium aAp (Dark, 2000). Although we draw on datasets
utilized in those important works, our approach to identifying
agricultural land use is quite different, as detailed below.

Site type Relative Dates used Notes on chronology References for data
catchment size  in model

alluvial/ small-medium 2 one date rejected — extrap- Greig, 2004

floodplain olated (up) at constant rate

valley fen medium 4 one date rejected — extrap- Day, 1991; 1993; EPD

(stream-fed) olated to surface

sump/well within very small 2 dendrochronological dates on  Hale, 1995

settlement context

mire medium 2 extrapolated (up) at constant ~ Branch et al., 200s;

rate for uppermost samples  Jones and Page, 2006;

Jones et al., 2006
former lake large 2 extrapolated to surface — Waller, 1994; EPD
radiocarbon dates all pre-date
the FeedSax period

fen/washes — medium—large 8 well dated — extrapolated at ~ Waller, 1994; EPD
organic deposits constant rate for uppermost
under this samples
fen — former large 4 extrapolated to surface — Waller, 1994; EPD
lake radiocarbon dates all pre-date
the FeedSax period
floodplain peat  small-medium 1 upper date is based on Wiltshire, 1990
associated pottery
former lake — large 6 well dated Bennett, 1983; EPD
large, c.ikm
diameter
wetland medium 6 one date rejected — extrap- Batchelor, 2009; EPD
olated to surface — radiocarbon
dates all pre-date the FeedSax
period
mire/bog, edge of medium 3 one date rejected; well dated ~ Grant and Dark, 2006
forest
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Code Site County, cluster Elevation Bedrock geology Local soils
(metres)
ST  Stansted Essex, Essex/London 70 clay, silt, sand and gravel seasonally
wet deep clay
CF  Coleman’s Farm Essex, Essex/London 20 clay, silt, sand and gravel deep loam
SH  Slough House Essex, Essex/London 10 clay, silt, sand and gravel seasonally
Farm wet deep
loam
PB Pannel Bridge East Sussex, South-East 4 sandstone and siltstone seasonally
wet deep clay
LC Little Cheyne Kent, South-East -1 sandstone and siltstone seasonally
Court wet deep clay
LY Lyminge Kent, South-East 100  chalk silty

Source: EPD, Institut Méditerranéen d’Ecologie et de la Biodiversité (IMBE). www.europeanpollen
database.net (accessed 20/07/21).
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The study regions

Pollen data for England have been collated to create a national
database as part of the FeedSax project. This paper focuses on a
subset from four clusters of sites, referred to here as ‘Central’, ‘East
Anglia’, ‘Essex/London’ and ‘South-East’ (Plate VIII; Table 1). When
considering evidence for agricultural land use, important factors are
the type and location of the pollen sites. Differences in geology, soils,
altitude and hydrology/rainfall all have an impact on the vegetation
types within an area and are likely to have influenced decisions about
land use. None of the sites in this region is at very high altitude,
but Epping Forest (Essex/Greater London) and Lyminge (Kent)
are notably higher than other sites in their regional clusters, while
in Oxfordshire, Sidlings Copse is significantly higher than Oxey
Mead (Table 1). Many of the sites in East Anglia and the South-East
are low-lying, and some are in coastal/fen areas, prone to seawater
flooding and brackish conditions. This needs to be taken into consid-
eration, as palynologically, coastal/saltmarsh vegetation is difficult
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Site type Relative Dates used Notes on chronology References for data
catchment size  in model
floodplain peat  small-medium 2 extrapolated to surface for Murphy, 1988;
approximate accumulation rate Wiltshire, 1991
— very short sequence
palaco-channel/  small-medium 3 possible truncation/break in ~ Murphy et al., 2002
alluvial accumulation between dates
is problematic, tentative
chronology
well within very small 1 dendrochronological date on  Murphy, 1991;
settlement context Wiltshire, 1992;
Murphy and Wiltshire,
1993
marsh small-medium 8 extrapolated to surface — Waller, 1993
radiocarbon dates all pre-date
the FeedSax period
marsh medium 4 well dated — extrapolated at ~ Waller et al., 1999
constant rate for uppermost
samples
palaco-channel/  small-medium 4 dates are for contexts — pollen Maslin, 2017

alluvial

sample dates estimated

according to context

to distinguish from an arable weed assemblage (as discussed further
below). Equally, Brandon, the only East Anglian site with substantial
evidence for heathland, is on the edge of Breckland, an area of sandy
heath.

An important consideration for understanding the strength and
type of agricultural land use signals from different pollen sites is the
extent of the site catcchment or ‘relevant source area for pollen’ (RSAP),
which Sugita (1994) defines as the radius beyond which the correlation
between pollen and the surrounding vegetation ceases to improve.
More simply, the catchment is the area around a pollen sampling site
from which most of the pollen is derived. The proportion of pollen
arriving from different distances is affected by numerous factors,
including the density and type of local vegetation, the type and size of
site sampled (e.g., lake, bog, alluvial sediment, archaeological feature),
hydrology and topography (Jacobson and Bradshaw, 1981; Sugita, 1994;
Bunting et al., 2004). Broadly speaking, the larger the diameter of a
lake, mire or other sampled feature, the larger the pollen catchment
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area will be. A site surrounded by dense woodland or mountains will
have a smaller catchment than one in an open, flat landscape. Inflowing
streams also increase catchment size, as pollen is carried in from the
wider landscape (Brown et al., 2007). For the pollen records discussed
here, the most substantial difference is between very small catchment
sites within, or close to, settlement areas, referred to as ‘on-site’, and
larger catchment ‘off-site’ records, from mires and lakes. The former
would be expected to have a much stronger representation of local
vegetation, while the latter provides a picture of the wider landscape.
In a hypothetical scenario where sites of both types were adjacent to
arable fields within a landscape containing pasture and woodland
(for example), the small catchment site would usually have a stronger
arable farming signal than the large catchment site. Interpretation of
pollen records from within or very near settlements may be further
complicated by the input of pollen from crop processing or dumping
of waste (e.g., Lyminge: Maslin, 2017). Both on-site and off-site records
are included here, as they each provide valuable insights relating
to arable and pastoral land use, but it is important to bear these
differences in mind when interpreting the data.

Palacoenvironmental records from a variety of sources, including
north-west European peat bogs and lakes, indicate cooler/wetter
conditions around the fifth to seventh centuries oD (e.g., Blackford
and Chambers, 1991; Barber et al., 2003; Charman, 2010), which may
have had an impact on both ‘natural” vegetation and agriculture. In
addition, low-lying coastal regions are likely to have been affected
by higher/unstable sea levels in the Romano-British period and
from around the tenth century Ap (Long and Hughes, 1995; Waller
et al,, 1999). The potential impact of higher temperatures during
the medieval climate anomaly (MCA) in the tenth to thirteenth
centuries must also be considered; it is possible that changes in
average temperature or rainfall patterns made parts of the landscape
more or less hospitable to cultivation — and to specific crops — than
in previous centuries.

Data collation and standardization

Pollen survives best in waterlogged, undisturbed, acidic conditions such
as peat bogs and lake sediments. In much of central and south-east
England, preservation is poor owing to a combination of long-term
agricultural disturbance and good drainage (e.g., chalk and limestone
bedrock). However, there are pockets of good preservation in small
fens/mires, floodplain sediments, palacochannels and archaeological
features such as pits and wells. Any site with pollen data relating to any



part of the period ¢. AD 300-1500, where a minimum of 300 land pollen
grains' had been counted, and which had some form of radiocarbon,
OSL or dendrochronological dating evidence, was included in the
analysis. Data were downloaded from the European Pollen Database
(EPD)? or digitized from published tables and diagrams (see Table 1).

Pollen types were standardized using the nomenclature of
Bennett (1994). Wherever possible, radiocarbon dates were recali-
brated using the IntCal2o calibration curve (Reimer et al., 2020)
in OxCal 4.4 (Bronk Ramsey, 2008; 2009; Bronk Ramsey and Lee,
2013) and new age-depth models were created. An age-depth model
establishes an approximate range of dates for each pollen sample (i.e.,
the age of the pollen at any given depth within the pollen core), based
on extrapolation between radiocarbon (or otherwise) dated samples.
The quality of site chronologies is highly variable; most records do not
have dates covering the entire time period, so some dates are based on
extrapolation and are therefore more tentative. Dendrochronological
dates are usually precise, while older radiometric dates may have
ranges of hundreds of years. The length of time covered by pollen
data from different sites varies greatly, with some spanning the
whole c.1,200-year period and others providing data for just 100—200
years. Some have multiple pollen samples per century, others have
significant gaps in the record (see Plates X—XI).

Assessing agricultural land use

The approach to establishing arable or pastoral land use presented
here builds on that used in Hamerow et al. (2020). To gauge the type
and scale of land use it is necessary to consider the following factors:

1. the type of vegetation;

2. the dominant form of agricultural land use (i.c., arable, mixed
farming, or pasture);

3. the strength of the signal for agricultural land use;

4. the diversity of key crops and weeds.

1 The TLP (total land pollen sum), which is the number of non-aquatic pollen
grains an analyst records to complete a sample, is not always stated, but
full analysis for publication usually requires a count of 300—500. Some sites
have lower counts for certain periods, usually where preservation was poor.
Counts of less than 150 have been excluded entirely.

2 European Pollen Database, Institut Méditerranéen d’Ecologie et de la
Biodiversit¢ (IMBE). www.europeanpollendatabase.net (accessed 20/07/21).
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1 Vegetation

The first of these factors concerns the dominant types of vegetation in
an area, and particularly the proportion of tree/shrub cover compared
to heath and grassland, which can be used to gauge landscape
openness. The total percentages of trees, shrubs, heaths and herbs
in each century were determined for each site. Where necessary, the
TLP was recalculated to exclude reeds, rushes, sedges and aquatics —
this was necessary to standardize data between sites, but also because
these types are likely to reflect very local conditions (e.g., surface
wetness). Tree and shrub data were combined as ‘total arboreal
pollen’. The percentage of arboreal pollen is not a direct measure of
tree/shrub cover within the landscape (e.g., Huntley and Birks, 1983;
Bunting, 2002; Smith et al., 2010), although it is a good indicator
of relative tree/shrub cover unless there are substantial differences in
the species present. Species composition is important as some trees/
shrubs produce much larger quantities of pollen than others owing
to differences in dispersal mechanisms (e.g., wind-pollinated species
produce more pollen than insect- or self-pollinated trees). As many
trees and shrubs are wind-pollinated with widely dispersed pollen, it
is also difficult (or impossible) to distinguish a small number of local
trees/shrubs from a larger, more distant woodland. It is, however,
possible to establish approximate arboreal cover — which may include
woodland, scrub, hedges and individual trees — for a region by
looking at data from multiple sites. This allows us to gauge how much
open ground would have been available.

2 Empbhasis of agricultural land use

The dominant type of farming in the pollen catchment was determined
using Turner’s (1964) arable/pastoral index (API), which is the ratio
of cereals and likely arable weeds to plantain (Plantago, excluding P.
maritima), a common pasture weed. The index has been shown to
work well as a means of establishing the emphasis of agricultural land
use in a region (Pratt, 1996). The API had to be adjusted in two cases
where anomalously high percentages of taxa classed as ‘arable weeds’
were likely to have other origins. As mentioned previously, this is
particularly problematic for coastal/saltmarsh areas: Chenopodiaceae/
Amaranthaceae (fat hen family) and Artemisia type (wormwood/
mugwort) pollen includes common arable weeds, but also plants
which grow in brackish conditions. This affects sites in the East
Anglian wash/fens and the South-East and is taken into account
in interpretation of the APIL. For the eleventh-century assemblage
at Little Cheyne Court (Kent), the API was not applied as all the
indicators point to brackish/marine conditions (Waller et al., 1999),



while pollen records from Wiggenhall St Germans (Norfolk) and
Hope Farm (Kent) were excluded from the analysis entirely, as
conditions were evidently brackish/marine through the late Roman
period onwards (cf. Waller, 1994; Waller et al., 1999).

Sidlings Copse has remarkably high percentages of another
‘arable’ type, Brassicaceae (mustard family). Many Brassicaceae
are ‘archaeophytes’ — non-native species introduced deliberately or
accidentally that became naturalized before ¢. AD 1500 — including
arable weeds, vegetable and oil crops. However, there are also wild
native Brassicaceae that grow in damp areas, hedgerows and on
riverbanks (Stace, 2010, 385—425). Based on the pollen it is not possible
to determine which types — or even how many different types — are
present, but there are strong indications that most, if not all, of the
Brassicaceae pollen at Sidlings Copse originated from local aquatic
plants (Day, 1991, 463). Brassicaceae were therefore excluded from the
API for this site.

Cereals are also included in the API and are obviously a key
component of arable farming, but their pollen is problematic for several
reasons. First, most cereals are self-pollinating and produce small
amounts of large, heavy pollen that does not travel far from the plant
(Edwards et al., 1986; Edwards and Mclntosh, 1988), meaning they
are often underrepresented in pollen assemblages. Second, threshing
and other processing activities release pollen, so high percentages of
cereal might reflect proximity to crop processing rather than crop
fields (e.g., for on-site records). Third, definitive identification of
oat, wheat and batley is impossible by existing methods (Andersen,
1979; Tweddle et al., 2005). Rye (Secale cereale) is usually identifiable
by eye, but other cereals require measurement to separate them into
Avena-Triticum type (oat/wheat) and Hordeum type, which includes
barley and large grasses that grow in arable fields, but also large wild
grasses that grow in wetlands and coastal areas. Avena-Triticum type
is less problematic, though it includes wild oat (Andersen, 1979).
Unfortunately, cereals are often recorded as a single group, ‘Cereal
type’ or ‘Cerealia’, with no criteria for identification stated. Where
criteria are given, they do not often match Andersen’s criteria closely
enough to establish an identification. Measurements, if recorded, are
rarely published. It is therefore assumed that the FeedSax ‘cereals/
large grasses’ category encompasses oat/wheat and/or barley type
pollen, including large wild grasses.?

3 It is possible that rye is also present in this group where it has not been
identified separately, though unlikely as the pollen has a distinctive shape
and can usually be recognized, if not by eye then by measurement.
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Lyminge has remarkably high percentages of cereal/large grass
pollen, resulting in a strongly arable API. However, as Maslin notes
(2017, 7), seeds of wild oat (i.e., equivalent to Avena-Triticum type in
the pollen record) were found at the site, and, as mentioned previously,
cereal percentages at on-site sampling locations such as Lyminge are
likely to be inflated by nearby crop processing (an early medieval
threshing barn was identified at the site, for example: Thomas, 2013,
131) and potentially dumping of crop waste. For Lyminge, which is
an extreme case, APIs were calculated with and without cereals/large
grasses. This had a limited impact on the API (discussed below), so it
is the former (with cereals) that is shown in the figures.

3 Agricultural land use signal strength (ALUSS)

The APL is useful as a measure of the relative importance of cultivation
and grazing but does not convey any sense of scale or intensity of
farming, meaning the amount of land being farmed/grazed, or the
number of crop plants growing within a given area. This is because
the API is based on a ratio. To give an example, a pollen sample
with an abundance of cereal and arable weed pollen and far fewer
pasture weeds would register as strongly arable in the index, but
so would a sample with just one cereal but no pasture weeds. To
counteract this, the percentage of pollen contributing to the API was
calculated as a measure of the agricultural land use signal strength
(ALUSS). It is important to note that for arable land, ALUSS does
not necessarily equate to the amount of land used for farming. For
a pollen assemblage from a single site, there is currently no reliable
way to distinguish ‘extensive’ and ‘intensive’ cultivation (see Bogaard
et al., 2016; Bogaard et al., this volume; Hamerow et al., 2020):
both processes may result in a higher quantity of cereal plants and
potentially crop weeds within the pollen catchment. Weed species
associated with intensive and extensive cultivation differ, depending
on ploughing methods/frequency and fertility (soils, manuring). These
differences can be seen in archacobotanical assemblages (Bogaard
et al.,, 2016; Bogaard et al., this volume), but since many pollen
types cannot be identified to species, or even genus, these subtler
changes are often impossible to detect other than in rare cases (e.g.,
cornflower; see below).

Scale may be determined by comparison of pollen records from
different sites in a region: if multiple sites have strong ALUSS values
and arable APIs, it is more likely that cultivation was occurring on
a large scale. Some regions have much better coverage spatially and
chronologically than others, which has an impact on the reliability
of interpretations.



4 Diversity of key crops/weeds

The final component of the analysis was the presence/absence of
key crops and arable weeds, namely cereals/large grasses, rye, hemp/
hops (Cannabaceae: Cannabis sativa and Humulus lupulus), flax
(Linum bienne type)," and cornflower (Centaurea cyanus), which is a
rare example of a crop weed that can be identified to species by its
pollen. The appearance of these taxa suggests changes in agriculture
through the introduction of — or a new emphasis on — different crops
or farming techniques. In terms of new crops, these changes are
likely to result from decisions made by farmers or through changes
in land ownership. For example, the arrival of hemp or flax at a site
might reflect the beginning of (or an increase in) local cloth/rope
production. The cereals grown in an area might change because
of changing demand for a certain crop, intended usage (baking,
brewing, fodder, etc.) or environmental factors (e.g., rye copes better
than other cereals on poorer soils). By contrast, the arrival and spread
of cornflower was probably incidental, reflecting a change in the way
cereals were cultivated. Interestingly, this plant is typical of low-input
cultivation (Amy Bogaard, pers. comm.), so would be favoured by
more extensive arable farming.

Vegetation and agricultural land use in East Anglia, Essex/
London, Central and South-East England

Major trends in vegetation and agricultural land use identified in this
study are described below and shown in Plates IX-XI. It is important
to be aware that, although data have been split into centuries, date
ranges for individual pollen samples often extend into the preceding
and/or succeeding centuries. Also, chronologies for the later periods
tend to be more tentative owing to a lack of radiocarbon dates for
the upper parts of pollen cores (see Table 1). It is encouraging to see
that, although the pollen data themselves had no influence on the
age-depth models, key shifts appear to have happened at similar times
at mulciple sites.

Plate IX shows the average percentages of broad pollen types in
the four regional clusters from the fourth to fifteenth centuries. Data
were averaged over 200-year periods because most of the sites had
at least one sample every two centuries, reducing the ‘noise’ created
by the intermittent presence of sites with very high or very low tree/
shrub pollen. When 100-year blocks were used, this ‘noise’ created

4 The pollen of Linum bienne type includes both L. wusitatissimum (flax) and
L. bienne (pale flax) but is generally assumed to represent the former.
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a false impression of repeated woodland clearance and regeneration,
particularly in Essex/London (e.g., see tree/shrub pollen by site in
Plate Xa). Sites with short-lived records were excluded, as were those
expected to have very small catchments; almost all of the excluded
sites were classed as on-site pollen records, reflecting local rather than
wider regional vegetation.

As noted in previous large-scale analyses of pollen data from
England, including 7he Environment of Britain in the First Millennium
AD and The Fields of Britannia, the post-Roman to medieval period
saw limited change in overall tree cover (Dark, 2000; Fyfe et al., 20135
Rippon et al., 2015; Rippon and Fyfe, 2019). Large-scale clearances
occurred from the Bronze Age onwards, but by the late Romano-
British period much of the landscape was already ‘open’. The Central
and East Anglian regions were largely open throughout the period
analysed, showing low tree and shrub cover (Plate IX). Arboreal
pollen percentages were higher on average in East Anglia, declining
from the twelfth to thirteenth centuries onwards, a time at which
there was an increase in trees in the Central region. The data from
Essex/London and the South-East suggest noticeably higher tree and
shrub cover in those areas, with a gradual decline over time in Essex/
London.

In the South-East there was a substantial amount of heathland
until the tenth to eleventh centuries, although this was mostly at one
site in the Romney and Walland Marshes; the loss of heath after this
date coincides with seawater flooding the area, curtailing the pollen
record from Little Cheyne Court (Waller et al., 1999). It is possible
that heath persisted further inland or on higher ground after this date,
buct it is not seen in the available pollen data. The only other site with
substantial heathland vegetation was Brandon, Suffolk (Wiltshire,
1990) on the edge of Breckland (East Anglia), and then only in the
sixth to seventh centuries; as mentioned previously, conditions are
thought to have been cooler and wetter at this time (e.g., Blackford
and Chambers, 1991), which might explain the localized spread of
heathland.

Arable and pastoral types were included in Plate IX to give an
impression of overall scale of agricultural land use; this is explored in
more detail below in relation to ALUSS at individual sites (Plate XIb).
Arable and, to a lesser extent, pastoral indicators are seen to increase
over time in East Anglia and Essex/London, peaking in the fourteenth
to fifteenth centuries. Both types are most common in the Central
region in earlier periods, declining gradually after a peak in the eighth
to ninth centuries, although this pattern is strongly influenced by the
record from Oxey Mead and may not reflect changes in the wider



region. By contrast, evidence for both types of land use is very rare
in the records from the South-East, though higher in the tenth to
eleventh and fourteenth to fifteenth centuries.

Plate X shows percentages of arboreal pollen at individual sites in
100-year blocks, with sites arranged west to east within each region.
There is considerable variability between sites within the regions, and
some sites have markedly higher tree/shrub pollen than average (e.g.,
Beckton (BK), Epping Forest (EP) and Pannel Bridge (PB)), but on
the whole arboreal pollen percentages are low enough to suggest open
landscapes. It is noticeable that, with few exceptions, more ‘wooded’
sites remain wooded throughout the period under study, while open
sites remain open. The marked decline in tree cover at Little Cheyne
Court (LC) in the tenth to eleventh centuries coincides with the
aforementioned increase in heath and a shift to saltmarsh conditions,
not long before the site was inundated (Waller et al., 1999). The on-site
pollen records tend to reflect more open conditions than off-site
records (Plate Xa). This indicates a lack of substantial tree cover close
to settlements but may also reflect small catchment sizes of some sites,
causing under-representation of trees/shrubs in the wider region.

Plate XI shows which types of agricultural land use dominate
over time, arranged west to east within regional clusters as in
Plate X. There is substantial variability, with no clear association
between higher amounts of arable or grazing and different regions. In
Plate XIa—c, showing agricultural land use type, ALUSS and presence
of key crops and weeds, sites are rearranged according to whether
farming appears to have been predominantly arable (left) or pastoral
(right). Ordering the sites in this way (rather than by region) makes
it easier to see correlations between land use type, ALUSS and crops/
weeds, and to see broader trends through time. Key periods of change
are discussed below.

Fourth to fifth centuries: abandonment of farmland?

As mentioned previously tree/shrub cover is already low by the fourth
century, with much of the landscape ‘open’ (as opposed to wooded)
(Plates IX and Xa). There is relatively little change in tree cover going
into the fifth century (Plate Xa). Minor increases occur at Oxey Mead
(OM) in the Central cluster and Brandon (BR) in East Anglia, and
there is a more substantial expansion of trees and shrubs at Little
Cheyne Court (LC) in the South-East. The latter might represent a
period of woodland regeneration, perhaps indicating neglect of former
farmland. However, it is also possible that the increase in tree cover
at this site reflects local environmental conditions: heaths increase,
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and the taxa responsible for most of the rise in arboreal pollen are
Alnus glutinosa (alder) and Corylus avellana type. The latter is usually
presumed to represent hazel, but could be bog myrtle: alder carr
and myrtle may well have grown on expanding heathland/wetland.
Another factor to consider is the inundation of nearby coastal areas
by seawater at this time (Waller et al., 1999), potentially changing the
catchment area of the site or flooding grassland/pasture; the weak
fourth century signal for pasture at Little Cheyne Court disappears
entirely in the fifth century (Plate XIa). Owing to limited data for
this early period in the South-East, it is not possible to say whether
these changes coincide with a decrease in agricultural land use in the
wider region.

Agricultural land use in the fourth century is predominantly
mixed, with some sites more arable and others more pastoral in nature
(Plate XTIa). Beckton (BK) and Lyminge (LY)’ are both strongly arable
according to their APIs, though removing cereals from the index
calculation for Lyminge gives a mixed/arable API: this seems more
likely as pasture weeds such as plantain and sorrel/dock (Plantago and
Rumex) are common. The ALUSS in most areas is relatively strong but
usually lower at sites where pasture is dominant (Plate XIa-b); this
might suggest that grazing occurred on a small scale near those sites
(e.g., Little Cheyne Court (LC), Pannel Bridge (PB), Sidlings Copse
(SC)), while the overall amount of agricultural land was generally
higher around sites with mixed and arable APIs (e.g., Lyminge,
Beckton, Brandon). Cereals/large grasses are found in all regions and
at the majority of sites, but hemp/hops and rye are only present at some
East Anglian sites at this time (Plate XIc). Rye is more common in the
Breckland area archaeobotanically (Smith et al., 2016, 400), perhaps
owing to the suitability of this crop for sandy and unproductive soils.

In the fifth century there is a noticeable shift towards pasture at
five sites, three of which are in East Anglia (Plate XIa), which bears
out Murphy’s observation about a post-Roman reduction in arable
farming in the region (Murphy, 1994). Unfortunately, there are no
fifth-century data for the two sites that were strongly arable in the
fourth century, although Beckton is more mixed (i.e., more pastoral)
by the sixth century. Most other sites see no change in emphasis,
but the exception is Oxey Mead, which becomes much more arable.
Changes in ALUSS vary, with some sites seeing an increase in activity
and others a decline (Plate XIb). There is no clear pattern relating
strength to type of agricultural land use for this period. No new

s The date for Lyminge is tentative, but is Roman to early Saxon (Maslin,
2017).



crops/weeds appear and their overall representation does not change,
though there are losses and gains at individual sites (Plate XIc).

To summarize, the overall picture for the fourth century is
of a mostly open landscape, with both arable and pastoral land
use widespread and a substantial amount of the landscape being
cultivated/grazed. There were areas with strongly arable or strongly
pastoral land use, but the majority of sites appear to have had forms
of mixed farming at this time. This does not quite fit the picture built
up for these regions by the Rural Settlement of Roman Britain project,
which stressed the importance of arable in some areas, citing, amongst
other evidence, the large number of corn dryers and the presence of
weed seeds consistent with a spread onto poorer soils (e.g., Lodwick,
20174, 82). By contrast, the method of calculating the extent of pasture
and arable in the Fields of Britannia project tends to indicate a much
larger proportion of the landscape being devoted to grazing than to
cultivation (e.g., 6 per cent arable and 45 per cent ‘improved pasture’
in the South-East region: Rippon et al., 2015, 124—25). Looking at the
data as a whole, it seems likely that farming was more mixed, with
some areas seeing an expansion of arable, balanced by a spread of
pasture in others. Although pollen is more suited than archacobotany
to sensing broad patterns of land use, it is important to note that the
areas with the best-preserved archaeobotanical and zooarchaeological
evidence are often poor areas for pollen preservation, and vice versa,
so it is often impossible to make a direct comparison (see Hamerow,
this volume).

Very few sites show an increase in tree cover in the fifth century
and there is no indication of widespread regeneration of woodland/
scrub in any of the regions, such as might occur if farmland was
abandoned entirely. There is, however, an increased emphasis on
pasture compared to the fourth century; as suggested by Gerrard
(2013) and Rippon et al. (2015), a widespread desertion of agricultural
land is unlikely given the lack of evidence for expansion of woodland/
scrub, yet conversion of former crop fields to pasture would still
prevent woodland regeneration. Two of the three sites with increased
tree/shrub cover, and several of those where there is a shift towards
pasture, are in East Anglia. Mixed farming continued in this region
with cereals/large grasses, rye and hemp/hops present, but there does
appear to be a reduction in arable land use, which might indicate a
reduced need for crops at this time, as would be expected if grain was
no longer being exported (see Lodwick, this volume). Alcthough this
pattern is clearest in East Anglia, it is important to note that almost
half of the sites with data for both the fourth and fifth centuries are
in this region. Similar shifts are seen at some sites in other areas, and
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it is possible that if more data were available for other regions, East
Anglia would no longer stand out.

Sixth to seventh centuries: small-scale mixed farming?

In East Anglia, tree/shrub pollen is reduced at Willingham Mere
(WM) and Redmere (RM) from the sixth century — this is likely
to represent clearance of woodland/scrub in the region (Plate Xa).
There are no significant changes in overall arboreal cover elsewhere
(Plates IX and Xa). Agricultural land use is variable for this period.
Some sites become more arable, some more pastoral, while at others
there is continuity, but the overall trend is towards an increase in
arable. By the seventh century there is a further shift towards arable
at some sites, including previously pastoral sites that become more
mixed. Changes in ALUSS are variable but, overall, sites where
arable increases also tend to see an increase in ALUSS, while sites
that become more pastoral see a decrease (Plate XIa—b), suggesting
that arable land use was becoming more important. There are minor
changes in the presence of key crops and weeds, with cereals and
hemp/hops remaining relatively common and rye appearing at two
sites (Plate XIc). Westbury-by-Shenley (WB) and Slough House
Farm (SH) have very strong agricultural land use signals, particularly
by the seventh century. These are both small-catchment, on-site
records and may represent local cultivation, though as Hale (1995)
points out for the former, crop processing is also a likely source of
crop/weed pollen.

At Willingham Mere (WM) there is a drop in agricultural land
use and a shift to pasture in the sixth century, with key crops and weeds
disappearing. This coincides with a marked increase in sedges/reeds
and meadowsweet (Filipendula) and a rare find of burnet (Sanguisorba),
likely to arise from damp ground or possibly wet meadows close to
the mere. This might indicate cooler/wetter conditions owing to the
sixth-century climatic shift but could also reflect a drop in the mere’s
water levels, allowing reeds/sedges to colonize the margins (cf. Waller,
1994). There are no other clear signs of Late Antique Little Ice Age
(LALIA — e.g., see Biintgen et al., 2016) changes in vegetation for the
regions discussed here, and no obvious impacts on agricultural land
use. This agrees with Rippon and Fyfe’s suggestion that lowland areas
would have been less strongly affected by this change in climate than
upland regions (Rippon and Fyfe, 2019, 138). Peat macrofossil and other
proxy climate records from Britain and Ireland that show cooler/wetter
conditions at this time are predominantly from northern regions, peat
bogs and upland areas that might be more sensitive to this type of



change® than southern lowlands (e.g., Blackford and Chambers, 1991;
Barber et al., 2003; Charman, 2010).

In summary, the type of agricultural land use was variable in
the sixth to seventh centuries. Some sites became more arable, others
more pastoral, although a shift to arable in some areas is combined
with an increased ALUSS, which suggests that crop farming became
more important overall. The degree of variability fits with the idea
of relatively small farms practising mixed farming (cf. Banham and
Faith, 2014), with the emphasis on crops or livestock varying from
place to place. There are no clear impacts of the LALIA on either
tree/shrub cover or agricultural land use in the regions covered by
this paper.

Eighth to ninth centuries

The eighth century sees the first major change in agricultural land
use across all regions. Small decreases in tree cover at multiple sites
indicate clearance and there is a marked shift towards arable, with
almost all sites having an arable or arable/mixed emphasis at this time
(Plates Xa—b and XIa). There is also a widespread increase in ALUSS
and higher diversity of key crops and weeds, with the appearance
of cornflower at four sites and flax at Brandon (Plate XIb—c).
Although cornflower appears earlier in archacobotanical assemblages
(McKerracher et al., in prep.), the eighth century seems to be a key
time for its appearance in pollen records. This might reflect the
increasing scale of arable land use, making weeds more likely to reach
pollen sampling sites, but it is also possible that a change in farming
techniques allowed cornflower to flourish. As mentioned previously,
the functional ecological traits of cornflower indicate that it would be
favoured by low-input cultivation, suggesting a shift to more extensive
arable farming at this time (see also Bogaard et al., this volume).
There is a further increase in arable at Oxey Mead, Willingham Mere
and Brandon in the ninth century, though this is less marked than
the eighth-century change and is not universal (Plate XIa). ALUSS
increases at some sites and decreases at others, with no clear link
between ALUSS and either arable or pastoral land use at this time
(Plate XIb). Although there are differences in the data used and the
approach to interpretation, the eighth century was also identified as
a time of ‘greater discontinuity’ by Rippon et al. (2015, 335), citing an
increase in agricultural land use and nucleation of settlements. To

6 Conversely, southern lowland regions might be more sensitive to increases
in temperature and reductions in rainfall, e.g., causing drought.

Agricultural Land Use

77



Emily Forster and Michael Charles

78

this we can add an increased emphasis on arable and — as explained
above — perhaps a more extensive type of cultivation, with larger areas
managed less intensively.

Tenth to eleventh centuries

The tenth century marks the start of another period of change,
although its trajectory is less clear than the eighth-century shift. Most
regions see no change in tree/shrub cover, but where they do, with
the exception of East Anglia, there is a decline (Plate IX). However,
there are notable increases in arboreal pollen at Redmere (RM),
Sidlings Copse (SC) and Beckton (BK) (Plate Xa). Day identified oak
woodland regeneration at Sidlings Copse, beginning around the tenth
century and becoming more marked from the eleventh century (Day,
1991, 467). Although data for different arboreal taxa are not presented
here, there are similar increases in oak at Beckton (Batchelor, 2009)
and Redmere (Waller, 1994) from the ninth to tenth centuries
onwards. In spite of a gradual decline in trees/shrubs at Redmere
from the eleventh to thirteenth centuries, percentages of oak remain
high, suggesting protection/management. Day suggests (1991, 467)
that the increases at Sidlings Copse could have been caused by efforts
to encourage this species, as oak was highly valued; it was protected
nationally in later medieval and post-medieval periods because of its
importance for shipbuilding (e.g., Kipling, 1974). By contrast, from
the eleventh century onwards, overall tree cover at Epping Forest
(EP) is reduced. This reduction might represent clearance within
the catchment, but it is also likely to reflect woodland management,
including use of the area as wood-pasture. As a royal forest, Epping
was also subject to Forest Law, which may have led to an increase in
deer grazing or browsing from the medieval period onwards (Grant
and Dark, 2006, 10).

ALUSS increases at most sites in the tenth century, affecting
both arable- and pasture-focused sites, which suggests an increase
in both types of land use (Plate XIa—b). There is an overall shift
towards pasture or mixed farming in comparison with the eighth
to ninth centuries, though most of the strongly arable sites remain
arable. Crops and weeds remain diverse, with flax appearing at Oxey
Mead (OM) in the eleventh century (Plate XlIc), though, as Greig
notes (2004, 377), macrofossils of flax were found in earlier periods at
Yarnton/Oxey Mead, so its arrival in the pollen record does not mark
its introduction as a crop. Cereals/large grasses, hemp and cornflower
remain widespread, although rye is less common by the tenth century
and disappears by the eleventh century (Plate XIc). As mentioned



previously, it is possible that rye was present at some of the sites where
only ‘cereal’ is recorded but given its relatively distinctive shape this is
assumed not to be the case. Significantly, rye is seen to vanish from
sites where it was present in earlier periods (Plate XIc). This loss of rye
might reflect a narrowing of the range of cereal crops grown at some
sites. This is perhaps reinforced by the fact that rye is wind-pollinated
and consequently might be expected to be better represented than oat,
wheat or batley in the pollen record; wind-pollinated species tend to
produce more pollen than self-pollinating plants and release it more
readily.

The overall picture for the tenth to eleventh centuries is of
an increase in agricultural land use, with both arable and pasture
increasing. A minority of sites became more pastoral at this time,
resulting in a slight shift to pasture overall, and rye appears to have
become less common. Arboreal pollen declined, suggesting further
clearances in some regions, while elsewhere woodland management
may have been responsible for localized increases in oak.

Twelfth to fifteenth centuries

Data are patchy for this period and dates are generally tentative,
as there are rarely direct dates for the later medieval/post-medieval
sections of pollen cores. There is little or no change in tree/shrub
cover at most sites, but a marked twelfth-century decline is apparent
at Welney Washes (WW), followed by a gradual recovery (Plate Xa).
This coincides with an arable/mixed farming signal and the most
diverse phase for crops and weeds at the site, with cereals, hemp/
hops and cornflower present (Plate XIa and ¢), suggesting clearance
for cultivation. A substantial decline in arboreal pollen at Beckton
(BK), and a slight increase in open ground at Pannel Bridge (PB),
also indicate clearances by the fifteenth century. This coincides with
a marked increase in ALUSS at both sites and the reappearance of
cornflower at Beckton (Plate XIb and ¢); a rare example of cornflower
occurs in the late Iron Age/early Romano-British period at the site,
after which it disappears until the fifteenth century.

There is a drop in agricultural land use and arable diversity in the
twelfth to thirteenth centuries. The decline is exaggerated by the low
number of on-site records covering this period, which has an impact
on the measure of arable land use in particular, yet the reduction in
diversity is notable. Hemp/hops and cornflower are present at fewer
sites and — as in the eleventh century — rye is not recorded in any
of the studies (Plate XIa—c). Cereals/large grasses are still common,
being present at all sites bar Epping Forest (EP). This might suggest
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— albeit tentatively, given the data available — a reduction in arable
or a shift from more to less diverse ranges of crops growing in some
areas. This trend in the pollen data will be examined in more detail
in publications examining the national picture, in comparison with
archaeobotanical records which provide more direct evidence of crop
types (Hamerow et al., in prep.).

For the pollen sites discussed here, there is no clear signal
associated with the Great Famine or the Black Death in the fourteenth
century. Expected impacts might be a decline in agricultural land use,
particularly arable, as the population fell dramatically, and an increase
in tree/shrub cover as abandoned farmland was recolonized. In the early
fourteenth century, cattle and sheep were depleted by disease (Thomas
et al.,, 2013), but by the later fourteenth century there was a renewed
emphasis on pastoralism owing to livestock management being less
labour intensive than crop farming, and as the lower demand for grain
freed up arable land for grazing (Hopcraft, 1994; Thomas, 2005). It is
important to note that this period is poorly represented by pollen data
for the regions discussed here; only four sites have data covering both
the thirteenth and fourteenth centuries, and none of those continues
into the fifteenth century. Of the four sites with continuous data, two
see a slight increase in tree/shrub pollen in the fourteenth century, at
one site there is no change, and at the fourth trees/shrubs decrease
(Plate Xa). Only one site sees a shift towards mixed, more pastoral
farming (Coleman’s Farm: CF), and — surprisingly — the ALUSS
increases at three out of four sites (Plate XIa—b).

Coombes et al. (2009) also saw little evidence of a fourteenth-
century decline in pollen and geochemical data from Hulleter
Moss, Cumbria; they suggest that, although populations fell, most
communities in the area were not destroyed completely, meaning that
some arable farming continued. They also hypothesize that grazing
pressure prevented significant woodland regeneration, which is likely
given the increase in livestock farming. These factors may apply to
some of the pollen sites discussed here, although if arable farming
declined on a large scale, we should be able to see this when looking at
pollen on a regional level; clearer patterns may emerge in the national
dataset, within which there are a larger number of records spanning
the thirteenth to fifteenth centuries (Hamerow et al., in prep.).

Summary

Although data for some regions and periods are limited, it has been
possible to build up a picture of vegetation and agricultural land
use through time, and to identify key periods of change from ap



300—1500. Plate XII summarizes the data for all sites combined. As
seen in Plate XIa—c, there are marked differences between sites that
had high and low tree/shrub cover, and between those dominated
by arable, mixed and pastoral farming. In order to avoid conflating
evidence from very different site types, in Plate XII data are grouped
for open, semi-open and wooded sites under tree/shrub cover, and
for arable, mixed and pastoral sites under agricultural land use. As
discussed previously, the landscape was broadly open by the late
Roman period and percentages of arboreal taxa were low at most
sites. Agricultural land use was mixed, but varied across the regions,
with Central sites more pastoral, and a mixed arable/pasture farming
signal in East Anglia. Essex/London and the South-East have limited
data for this period, but where evidence for agricultural land use
(i.e., ALUSS) is strong, sites were focused on arable or mixed/arable
farming. There was a slight increase in trees/shrubs at both open and
wooded sites in the fifth century (Plate XII), though, as others have
noted (e.g., Rippon et al., 2015), there is no evidence for widespread
post-Roman woodland regeneration. Although there is variability,
overall land use for farming was reduced in the fifth century and
there was an increase in the importance of grazing (Plate XII).
Site-level data indicate a shift to grazing in East Anglia in particular,
suggesting that some arable land may have been converted to pasture
in this area.

Agricultural land use trends during the sixth to seventh centuries
were variable. A reduction in tree/shrub cover (Plate XII) was caused
mainly by woodland/scrub clearance at two East Anglian sites, though
this was not seen elsewhere. At some sites, mainly those classed as
‘arable’, there was a shift from mixed farming towards cultivation at
this time, while at other site types there was continuity or a spread
of pasture. ALUSS recovered to fourth-century levels following the
drop in the fifth century (Plate XII), although again this varied from
site to site (Plate XIb). Key crops and weeds became more widespread
overall, with rye appearing at Oxey Mead and Brandon, perhaps
suggesting an expansion of the types of cereal cultivated (cereal-type
pollen was already present at both sites). At other sites, cereals
disappeared entirely (Plate XIc). These differences might suggest a
landscape divided between small farms doing different things, which
is compatible with the view that farming was mixed arable/pastoral
and relatively small-scale at this time. There is no clear evidence for
a large-scale impact of cooler/wetter LALIA conditions on vegetation
or land use in the regions discussed here. It is quite likely that this
shift was more pronounced in the north and west of England, where
average rainfall is higher and there are large areas of upland; this will
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be addressed in other FeedSax publications focusing on both those
regions and the national picture (Hamerow et al., in prep.).

The eighth century was a period of significant change across all
of the sub-regions considered here. Both arable and pastoral land use
increased, but with a particular emphasis on cultivation, resulting
in sites classed as ‘arable’ becoming strongly arable and ‘mixed’ sites
becoming mixed/arable (Plate XII). Many sites saw an increase in
cultivation and became more diverse, with cornflower appearing
in three regions, suggesting more extensive, low-input cultivation,
while flax appeared in East Anglia. The scale of agricultural land
use also increased (Plate XII). These changes suggest a widespread
increase in arable farming and potentially the adoption of new,
low-input farming practices, corresponding with the appearance of
crop processing and storage infrascructure in the ‘long eighth century’
(Hamerow, this volume).

Oak woodland began to recover at some sites from the ninth to
tenth centuries onwards (Plate XIa), perhaps encouraged by forms of
woodland management that favoured oak, and later by Royal Forest
designations. At some sites there was a further increase in agricultural
land use at this time, but this was countered by a reduction at others;
as Plate XII shows, although ALUSS remained high in the tenth
century, there was no increase overall, and the eleventh century
actually saw a marked decline. At sites where there was an increase,
this affected both arable and pasture — although, as Plate XII shows,
there was a slight shift towards mixed arable/pastoral farming with
an increase in pasture. Key crops and weeds remained widespread,
though less so than in the eighth century. In terms of the impact on
pollen assemblages, the tenth-century shift was less marked and less
focused on arable than the eighth-century expansion. It is possible
that the warmer conditions caused by the MCA played a role in
this continuing growth of farming, but, as discussed by Hamerow,
Holmes and others in this volume, this period also saw wider changes
in farming techniques and landholding.

Pollen records for the twelfth to fifteenth centuries are patchy
in the regions discussed in this paper, and chronologies are less
reliable than for the fourth to eleventh centuries. This is problematic
when interpreting data for all sites combined, requiring caution: for
example, Plate XII shows a disappearance of heaths from the twelfth
century onwards, yet as Plate XIa—c shows, this is caused by the
termination of pollen records close to heathland (i.e., Brandon and
Little Cheyne Court), rather than a genuine loss of this habitat type.
Although the data are limited, it is possible to see further increases in
agricultural land use in some areas, including examples of woodland



clearance by c.1500. Other sites saw a drop in arable and a loss of
crop/weed diversity in the pollen record, although the low number
of on-site records for this period is an important factor here. The
data available reveal no clear impacts associated with the fourteenth-
century Great Famine or the Black Death, such as widespread
woodland regeneration or a reduction in arable land, but this may be
due to a lack of data rather than a lack of impact.

It is perhaps surprising that few clear regional differences have
emerged. The timing of key shifts is furthermore similar in most
places. Looking at the late Roman to medieval period as a whole,
there was a general shift from more pastoral and mixed farming to
more arable farming over time. Trends varied between sites and did
not always continue in the same direction, but the sites with strongly
arable pollen records in the earliest periods usually remained arable
or mixed/arable throughout. Similarly, sites with more pastoral land
use in the earliest phases tended to remain broadly pastoral. Overall
agricultural land use also increased, although not in a continuous
expansion; the spread was more noticeable in the off-site records than
those from on-site locations, as the latter were predominantly arable,
small-catcchment sites with high levels of agricultural land use from
the eatliest periods onwards. Although off-site records usually come
from wetlands/heath that were (presumably) more suited to rough
grazing than cultivation, pollen of crop types and weeds from the
surrounding landscape is often present. Off-site records may underes-
timate arable land use, particularly because of the problems of cereal
pollen dispersal discussed eatlier, but unlike on-site records they are
unlikely to be affected by nearby crop processing; both types of pollen
site are liable to be biased but considering them together we can build
up a more coherent picture of the landscape.

Where arable expanded at the expense of pasture, it seems likely
that livestock would have been moved further afield or grazed on
land that was deemed unsuitable for cultivation, such as heaths and
uplands. As seen in Plate IX, of the four regions covered here, only the
South-East has significant heathland according to pollen data alone;
Romney and Walland Marshes show little evidence of farming overall
and are broadly pastoral, suggesting these areas may have been grazed
as they are today. As mentioned previously, most of the pollen sites
discussed here are relatively low-lying, and the regions they represent
do not include significant uplands; most land within the study area
is below 150 metres OD (Plate VIII). However, two of the higher-al-
titude sites, Sidlings Copse and Epping Forest, were markedly more
pastoral than lower-lying sites nearby. This might indicate that higher
ground was more commonly used for grazing in these regions. Hay

Agricultural Land Use
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meadows may also have been a source of grazing or fodder, although
distinguishing these habitats from the natural vegetation in an
alluvial area or wetland through pollen data is problematic.

Conclusions

For the sites and regions discussed in this paper, much of the late
Romano-British landscape appears to have been open, with a mixture
of arable and pastoral farming under way and a relatively strong land
use signal. The early post-Roman period shows limited evidence for
woodland/scrub regeneration, and — in agreement with previous
studies (e.g., Rippon et al., 2015) — farmland does not appear to
have been abandoned on a large scale. There are, however, signs of a
reduction in overall agricultural land use and a shift towards pasture
in some areas, suggesting that former arable land was grazed.

There is variability in the scale and type of agricultural land use
across the regions discussed here through the post-Roman to medieval
periods, yet there are clear shifts towards an increase in arable, and
in the extent of agricultural land use as a whole, around the sixth
century and — more noticeably — the eighth century. Although forms
of mixed and pastoral farming continued, there was an increased
empbhasis on arable at this time; as the overall signal for agricultural
land use also increased, it is difficult to gauge how much former
pasture was cultivated, but it is likely some arable was converted to
pasture. Beyond the eighth century the picture is less clear, but there
was a further increase in agricultural land use — this time in both
arable and pasture — around the tenth century, with a high diversity of
crops/weeds continuing. The eleventh to thirteenth centuries saw an
overall drop in agricultural land use and a reduction in the diversity
of arable pollen types present. This pattern is partly influenced by the
lack of data from on-site records; but even accounting for this factor,
there is a decline, and the drop in diversity of crops/weeds appears
to hold. Although limited and patchy, the data available for the
fourteenth and fifteenth centuries suggest a resurgence of both types
of agriculture, with sites more likely to be weighted towards arable
or pasture than mixed farming in comparison with earlier periods.

This analysis has shown the value of bringing together pollen
records from a wide variety of sites in order to gauge changes in
agricultural land use. Within individual pollen records there is often
considerable variability but looking at data from multiple sites and
using the methods employed here, we have been able to highlight
key changes across central, eastern and south-east England. On-site
records played an important role in building up the overall picture of



vegetation and land use for farming, particularly in those areas where
preservation is poor and off-site records are lacking. However, they also
provide a valuable insight in areas with better pollen coverage, where
they provide a snapshot of activity closer to settlements. Well-dated,
high-resolution pollen sequences are crucial for understanding past
vegetation and land use, helping us to contextualize archaeobotanical
data within the wider landscape, but also to test assumptions based
on archaeological and textual evidence.

Agricultural Land Use
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5 Innovation, Technology and Social Change:
'The Adoption of the Mouldboard Plough and

Its Impact on Human—Animal Relationships

Matilda Holmes

Introduction

One of the primary aims of the zooarchaeological analysis undertaken
by the FeedSax project was the identification of changes in cattle
husbandry that may indicate increased draught use. This was charac-
terized in two major ways: the first using evidence for an increase in
older, male cattle, and the second recording bone deformations in
cattle feet.

Male cattle have limited intrinsic value beyond providing meat,
while females are also useful for milking and breeding. Females can
also be used for draught purposes, and on smaller farms where there
are only enough resources or space for one working animal, this
may have been a shrewd choice (Johannsen, 2011, 15). Nonetheless,
numerous medieval texts refer to plough animals as oxen (castrated
males), and the greater size attained through the delayed long
bone maturation caused by castration would have produced larger,
stronger animals capable of generating more power than cows, while
being easier to handle than bulls. The disarticulated animal remains

Thanks are extended to the following individuals for access to site information and assemblages during the
data-collection period: Gill Woolrich, Southampton Museum; Naomi Bergmans, Oxford Museum Service;
Lisa Brown, Wiltshire Museum; Leigh Allen, Rob Brown, Aileen Connor and Rebecca Nicholson, Oxford
Archaeology; Denise Buckley, Archaeological Project Services; Rebecca Craven, Lincolnshire Archives; Sheila
Hamilton-Dyer; Neil Faulkner; Steve Ford, TVAS; Dawn Heywood, Lincolnshire Archives; Mark Hinman, Pre
Construct Archaeology; David Ingham, Albion Archaeology; Lorraine Mepham, Wessex Archaeology; Jacqui
Mulville, Cardiff University; Sian O’Neill, Pre Construct Archaeology; Alison Nicholls, The Potteries Museum
and Art Gallery; Geoff Potter, Compass Archaeology; Dale Serjeantson; Gabor Thomas, University of Reading
and Justin Wiles, Cambridgeshire Museum.
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commonly recovered on archaeological sites do not often allow for
identification of complete individual animals, so analysis has focused
on demographic profiles at the site/phase level. The presence of older,
male cattle provides a good indicator of the use of draught oxen.
Work undertaken as part of the FeedSax project has established
a steady increase in older cattle from the seventh century, which
plateaus in the eighth century, coinciding with an increase in males
(although females remain dominant). The age of cattle peaks in the
tenth century, further indicating that these may have been periods
of agricultural change related to an increased emphasis on secondary
products, including traction (Holmes et al., forthcoming).

The second area of investigation concerns the observation of
pathological and sub-pathological changes to cattle feet associated with
the use of animals for traction (Bartosiewicz et al., 1997; Thomas et al.,
2021). Results suggest that there was an increase in changes associated
with traction use from the mid-ninth century, which is probably linked
to increasing draught use, but this became more pronounced from the
mid-eleventh century (Hamerow et al., in prep.).

So far, zooarchacological analysis has provided the FeedSax
project with evidence for a gradual increase in production from the
seventh century, and specifically the use of draught cattle from the
mid-ninth century. To date, little consideration has been given to the
nature of draught cattle use and how it was applied throughout the
country. This chapter provides an opportunity to look in more detail
at these areas, and in particular to consider:

1. What form did draught cattle use take in medieval England?
What were they used for? What characterized a draught
animal? How long did they work for?

2. Was the use of draught cattle influenced by external factors?
Did differences in geology or topography affect their use? Were
there regional differences?

3. How did these factors affect the social structure and place of
cattle in medieval agriculture?

The dataset

The FeedSax project has produced a considerable quantity of
zooarchacological data from a reanalysis of assemblages from 19
‘targeted’ sites (Figure 17; Table 2). Sites were included that generated
large assemblages of animal bone, reliably dated between Ap 400 and
1400. Some sites had two or more assemblages, one for each phase of
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occupation (Table 2). Reanalysis included the detailed recording of
the following zooarchaeological attribuctes:

1. Pathological and sub-pathological changes to cattle feet
(metapodials and phalanges) based on an existing system used
to identify draught cattle (Bartosiewicz et al., 1997), modified
to remove age-related data (Thomas et al., 2021) and to allow
the use of fragmentary metapodials (Carlson Dietmeier, 2018).
Analysis produced a modified pathological index (mPI) for
each anatomical element, which is a score of deformation
ranging from o, meaning no change, to 1, denoting the most
severe possible change (Holmes et al., 2021¢). Only assemblages
with at least five elements were included.

2. Wear stages of cattle mandibles (Jones and Sadler, 2012a;
2012b). These provide mortality data allowing a comparison of
the age profiles of cattle populations at each site. Wear stages
range from A (perinatal) to K (elderly).

3. Measurements of metapodials. These were used to identify the
presence of male and female animals (Davis et al., 2012).

‘Draught cattle’ signature

Three potential indicators for draught cattle at each targeted site were
identified from the analysis of foot bones, the presence of at least two
of which was considered to constitute a ‘draught cattle’ signature
(Figure 18; Holmes in Hamerow et al,, in prep.). Cattle naturally
carry most of their weight over the forelegs, so anatomical elements
from this part of the carcass will usually have higher mPI scores than
those from the hindlegs; the latter therefore have greater potential
for reflecting activity-related changes (Bartosiewicz et al., 1997, 61).
High mPI scores from hind limb elements are likely to represent
draught animals and this is the first indicator used to identify
individual draught cattle (Figure 19). The second indicator comes
from the presence of high mean posterior scores from all elements in
an assemblage, which indicates that either several animals within a
population were worked hard, or many animals were used for lighter
traction duties. The third indicator derives from a comparison of the
mean values for all hind and fore limb elements from a site, to provide
a marker of the relative load on the hind limbs within a population (as
in Figure 2). The term ‘draught cattle’ signature is used throughout
this chapter between single quotation marks to emphasize that it
denotes only the potential for draught cattle to be present, rather than
offering a definitive interpretation.
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Data analysis

The zooarchaeological data were compared to several site-specific
variables that may be expected to affect the level of draught cattle
use, all of which are detailed in Table 2.

* Height of the site above ordnance datum (OD).

* Undetlying geology, classified as clay (including any mixture of
chalk, sand or gravel with clay), chalk and valley terrace (sand,
gravel and/or alluvium), based on Rippon et al. (2014).

* Regions were defined by Rippon et al. (2014; 2015).

* Site type: urban (including wics), rural and ecclesiastical or
secular elite (high-status), as described in respective site reports.

Statistical analysis was performed using PAleontological STatistics
(PAST) (Hammer et al., 2001).

Regions

[ central Zone

B East Anglia

[ Fens

7] North-East Lowlands
(7] Northern Uplands
"] South-East

-] South-West

7] western Lowlands

17 Location of all targeted sites (numbers correspond to sites described in Table 2). Regional divisions
by Rippon et al. (2015). Map created with QGIS (http://www.qgis.org; accessed 08/03/2022).
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intensive or sustained loading as in draught work.
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Use of draught cattle in medieval England

Although the FeedSax project is explicitly interested in evidence
for the use of the mouldboard plough, in reality it is impossible to
identify the specific use of this implement from a ‘draught cattle’
signature. Nonetheless, the presence of this signature demonstrates
the use of cattle for draught work in general. Documentary evidence
for the uses of cattle during the period produces an impressive list of
jobs. They were involved in preparing the ground for planting, pulling
ploughs, ards and harrows, as well as moving produce in carts and
for logging.

The Anglo-Saxon Chronicle mentions the use of the plough
in AD 877, in relation to the land given to the Viking army in
Northumbria (Whitelock, 1996, document 1, 1). Plough teams of
eight oxen are a common basis of measurement in the Domesday
Book (Fussell, 1966, 181), and one of the earliest explicit mentions
of cattle pulling a plough comes from Aelfric’s Colloquy written in
the late tenth century, where the ploughman describes yoking the
oxen to the plough (Swanton, 1975, 108). Yet the types of implement
being pulled remain obscure, as these accounts may be referring to
an ard or a mouldboard plough. The earliest written mention of a
mouldboard comes from Riddle 21 in the Exeter Book, probably
dating from the later tenth century. Archaeological evidence for the
ard has been recovered from Neolithic Europe and this technology
would have been widespread in medieval England (Rowley-Conwy,
1987). Ards cut the earth and break up clods, but the ability to turn
the soil to form ridges and furrows only came with the addition
of a mouldboard, and this is what defines a plough (Fussell, 1966).
Archaeological finds of ploughs themselves are ambiguous, as coulters
and shares (used to cut the earth) can potentially be used on ards
and mouldboard ploughs alike; good descriptions of the problems
involved in their identification, and arguments for their dates of use
in Britain, are available elsewhere (e.g., Banham and Faith, 2014;
Fowler, 2002). Artistic depictions of ards are common in medieval
documents, but heavy ploughs are not represented until the tenth or
eleventh centuries; it is believed that they were common throughout
England by the eleventh century (Banham and Faith, 2014, 49). No
unambiguous physical evidence for medieval mouldboard ploughs
has been found to date, potentially because mouldboards would not
survive well, and those made of metal would most likely have been
recycled once damaged. Some large metal coulters have been recorded
throughout the period, which compare favourably with those likely to
be found on a heavy plough (Thomas et al., 2016), but it is also possible
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that they came from a large ard. Similar problems in identifying ards
and heavy ploughs from coulters have been described for Roman
finds (Brindle, 2017, 42; Lodwick, this volume). Nonetheless, finds
of medieval coulters likely to come from mouldboard ploughs have
been found in England. The earliest is a seventh-century find from
Lyminge, Kent, but others come from Buckden, Cambridgeshire
(eighth- to ninth-century), Scraproft, Leicestershire (tenth-century)
and Alnhamsheles, Northumberland (fifteenth-century) (Connor and
Billington, 2021; Leahy, 2013; Standley, 2020; Thomas et al., 2016).

Documentary evidence from the Domesday Book and into the
twelfth century implies the use of a standard team of eight oxen to
a plough on estate land, although peasant farmers were recorded
with fewer (Trow-Smith, 1957, 68—70, 90). Cattle were not just used
for ploughing but would also have been required to pull harrows
and carts. Reference is made in the early twelfth-century Survey of
Manors of the Abbey of Peterborough to the requirement of sokemen
to harrow in spring, winter and autumn (Douglas and Greenaway,
1996, document 177, 4, 1). Documentary evidence for cattle pulling
carts comes from Domesday descriptions of tolls payable on salt,
where the size of the cart was linked to the number of oxen pulling
it (Douglas and Greenaway, 1996, document 210, 4, 2). By the
thirteenth century, Walter of Henley describes the waggoner as being
in charge of horses, not cattle, which suggests that by this point
cattle were less often used for carting, as horses gradually became
more common within agriculture (Cunningham and Lamond, 1890,
111; Langdon, 1986).

Cactle were raised for other purposes too; males that were
not used for traction would be kept purely for beef as ‘grazing’ or
‘stalled bullocks’, while cows were important for breeding and/or
milk production (Trow-Smith, 1957, 58). Cows were probably milked
at a household level, with milk being available on a seasonal basis,
and it is widely considered that sheep would have provided the bulk
of the milk required for much of the period (Campbell, 2000, 154;
Grant, 1988, 155; Ryder, 1983, 455; Trow-Smith, 1957, $8). Historians
have calculated that, at the time of the Domesday survey in 1086,
the number of cows recorded was insufficient to indicate that dairy
production was carried out on a large scale, with the exception of
a few farms in the southwest and at isolated locations elsewhere in
England (Trow-Smith, 1957, 73). The zooarchaeological data suggest
a far higher proportion of cows: almost 80 per cent of metacarpals
from the Domesday period have been identified as female (Holmes
et al., forthcoming). The importance of dairy cattle increased from
the twelfth century, but the documentary evidence suggests that
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cattle remained of prime importance for draught and breeding, and
sheep remained the milk animal of choice into the fourteenth century
(Trow-Smith, 1957, 125). Neither beef cattle nor dairy/breeding cows
would be expected to display deformations of foot bones similar to
those observed on draught cattle, as pathological and sub-patho-
logical changes to non-draught cows and beef cattle foot bones were
significantly lower than those observed on draught cattle in a study
undertaken by Bartosiewicz et al. (1997).

Table 3 Proportion of targeted sites with ‘draught cattle’ signatures by external variables

Phase Draught cattle  Non-draught cattle ~ Total  Sites with a ‘draught cattle’
signature (%)

450—650 2 3 5 40
650—8s0 3 8 11 27
850-1066 4 4 8 50
1066—1250 7 5 12 58
1250—1400 3 2 5 60
Height above OD*  Draught cattle  Non-draught cattle ~ Total % draught cattle
< 10m 1 o I 100
10—50m 7 5 12 58
50—100m I 5 6 17

> 100m o 5 5 o
Geology* Draught cattle  Non-draught cattle ~ Total % draught cattle
Clay 6 6 12 50

Valley Terrace 2 3 5 40

Chalk I 6 7 4
Region Draught cattle  Non-draught cattle ~ Total % draught cattle
Central Zone 11 8 19 58

East Anglia 4 4 8 50
South-East 4 9 13 31
Western Lowlands o I I o

Site Type Draught cattle  Non-draught cattle ~ Total % draught cattle
Urban 10 7 7 59

Rural 8 9 17 47
Ecclesiastical I 4 5 20
High-status o 2 2 o

* not including urban sites
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Even though it is not possible to tell what specific jobs draught
cattle undertook, settlements with a ‘draught cactle’ signature can be
observed throughout the period (Figure 18; Table 2). There was an
increase in the number of sites with ‘draught cattle’ signatures from
the mid-ninth century, and such sites are in the majority from the
mid-eleventh century (Table 3). When the individual pathological
index scores are plotted, it is notable that most sites included cattle
that produced low scores well below the mean for the site (Figure 19).
These animals would have been subject to loading to a lesser degree,
whether because they were used for only a short period, sporadically,
pulled lighter loads, or worked as part of a larger team. They may, for
example, represent cattle used for harrowing, carting, or with ards on
light soil, rather than a heavy plough with a coulter and mouldboard
(see also Kropp, this volume).

Characterizing draught cattle

Historically, draught cattle are assumed to have been castrated
males (oxen), subject to several years training and worked until old
(Campbell, 2000, 120—21; Fowler, 2002, 222). However, there is little
explicit historical evidence to support this, and when ethnographic
evidence is considered, there is good reason to be more circumspect.
In a comprehensive ethnographic study, Johannsen (2011) describes
some of the common working practices of modern draught cattle.
He notes that, despite modern farmers preferring to use oxen, cows
are also utilized in many parts of the world, particularly on small
farms that have to balance the need for milk and breeding stock with
their draught requirements (Johannsen, 2011, 15). Although medieval
plough animals are always referred to as oxen, some historians have
suggested that it is likely that cows would also have been harnessed
(Moore, 1961, 91; Trow-Smith, 1957, 70). This is an area where the
zooarchaeological data can improve understanding, as it is possible to
identify an individual metacarpal to sex and calculate its pathological
index score (Figure 20). Assemblages dated to the seventh and ninth
centuries produced male cattle with the highest scores, which suggests
that males were indeed selected for heavier draught work. Yet from
the tenth century there is evidence that females were also used for
draught purposes. The reasons for this remain ambiguous. It may be
that they reflect economic situations that would not stretch to keeping
dedicated plough oxen but required the use of cows as multi-purpose
animals.

The age that animals are broken to harness also varies consid-
erably, depending on necessity and the type of cattle. Echnographic
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research has found that starting animals aged between two and
three is most common, although some animals are recorded as being
utilized from as young as one, and others as old as five (Johannsen,
2011, 16). The process of training cattle to harness is similar cross-cul-
turally. If experienced animals are available, young cattle can be tied
next to the older animal, in which case training takes a few days
and they will learn quickly. In cases where experienced cattle are
not available, training takes longer, perhaps two to four weeks as the
harness, commands and load are slowly introduced (Johannsen, 2011,
16). The length of time cattle may be expected to work ranges from
just one season to old age, depending on the ability of the animal
to work, the wealth of the farmer, requirement for meat, and the
price that could be realized from a sale (Johannsen, 2011, 17). Some
clues as to the investment in training cattle for ploughing come from
Walter of Henley, who writes extensively on estate management in
his thirteenth-century text, Le dite de hosebondrie (Cunningham and
Lamond, 1890). He writes as a manorial estate manager, so his views
most likely represent optimal working practices rather than those of
the peasant farmer. He notes that draught animals should be well
cared for, ‘for you shall be put to too great an expense to replace them;
besides, your tillage shall be behindhand’ (Cunningham and Lamond,
1890, 23). This suggests that these are not young cattle trained up and
used for a single season, but experienced animals that are valued for
their ability to work. Yet there is a turnover of draught animals, and it
is recommended that in June, ‘after St John’s Day, to cause all the old
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and feeble oxen with bad teeth ... put them in good pasture to fatten,
so the worst shall then be worth the better’, and again at Lammas
(August) and Martinmas (November) (Cunningham and Lamond,
1890, 97). The link between the ability of cattle to be useful and their
dental health is perhaps unsurprising since animals will quickly lose
condition if they cannot eat. While this passage may refer to animals
with periodontal disease, it is more likely that it indicates old animals
(Holmes et al., 2021b). In their study of the tooth wear of cattle of
known age, Jones and Sadler (2012b) note that cattle would rarely be
expected to live longer than 20 years.

Zooarchaeological data can be used to test the assumption that
plough oxen were valued as an investment, and unlikely to be culled
at young ages. Unfortunately, it is not possible to attribute age directly
to cattle with high mPI values, so mortality data within the same
site/phase sample must be utilized. Few elderly cattle were recorded
from the targeted sites; only seven were at the oldest wear stage (K
— whose molars were worn almost to the roots), indicating animals
over 14 years of age (four from Eynsham, one from Flaxengate and
two from the French Quarter). Rather more cattle were at wear stage
J, between 8 and 16 years (Jones and Sadler, 2012b, fig. 15). Not all of
these older cattle will have been draught animals. Walter of Henley
notes the presence of old cows (Cunningham and Lamond, 1890, 97),
which would have been important for milk and breeding, but given
the value attributed to trained draught animals, it is likely that these
older animals include draught cattle. The proportion of these elderly
cattle observed in assemblages shows a weak positive correlation over
time (Figure 21), peaking at sites centred around the mid-eighth to

21 Relative proportions
of young cattle (wear
stages A—F), old adult
cattle (wear stages G and
H) and elderly cattle
(wear stages ] and K)

in each assemblage over
time, in order of the
phase mid-point. Linear
trend lines and strength
of correlation are plotted
(Pearson’s 1). Younger
and old adult animals
show a strong correlation
with time (p < o0.01),

but elderly cattle a weak
correlation (p = 0.08).
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ninth centuries, the late tenth century and the twelfth century, the
latter two peaks corresponding to periods when the ‘draught cattle’
signature is most common (Figure 18).

The proportion of old adult cattle at wear stages G and H,
representing animals between four and ten years of age (Jones and
Sadler, 2012b, Figure 15), has a stronger positive correlation over
time (Figure 21). These would also have been older than prime meat
age, indicative of their exploitation for secondary products. Relative
proportions of these old adult cattle peak during the same phases (the
mid-eighth to ninth centuries, the late tenth century and the twelfth
century) observed in the elderly population. Even if it is accepted that
some are dairy and breeding cows, the trend implies that a greater
proportion of draught cattle were culled after only a few years of use,
before reaching their second decade.

Summary

The significance of the occasional presence of ‘draught cattle’ signatures
from the fifth century should not be underestimated, as it implies heavy
workloads for some cattle. Observations of a ‘draught cattle’ signature
at some sites continue into the seventh century and, combined with
the discovery of the eatliest coulter in England in a seventh-century
deposit at Lyminge, further suggest that heavy ploughs were in use on
isolated sites in this period. However, a more demanding use of cattle
for traction can be observed in the ‘draught cattle’ signatures from
the mid-ninth century, although not at all sites. It is likely, in light
of the documentary evidence, that the heavy plough was widespread
in England by the eleventh century, and certainly the ‘draught cattle’
signature is common in assemblages from this period.

An increase in old adult and elderly cattle also occurs throughout
the period. The specific exploitation strategies represented by these
older animals remain ambiguous, but if dairy produce was largely
provided by sheep until the twelfth century, then these older animals
most likely reflect increases in draught cattle and breeding cows to
replace them. While it is likely that draught cattle were used for many
years, and the time spent training them made them valued assets,
the high proportion of cattle that died between four and ten years of
age, combined with data from draught cattle of known age, makes it
likely that some draught animals had a faitly short life, being culled
after only a few years of work. The use of more explicit data relating
sex to the deformation of cattle feet indicates that draught cattle
from assemblages dated between the seventh and ninth centuries
were male, although later draught ‘oxen’ often included cows as well.
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External factors

The locations of the targeted sites have allowed the effects of several
external variables to be evaluated. This is a complex undertaking as
factors such as settlement height, geology and region are inextricably
linked to the landscape. For example, all targeted sites situated
above 100 metres OD are located on chalk downlands, while the
valley terrace sites tend to be below 50 metres; chalk sites are in the
east of the country, while the clays are in the midlands (Table 2).
Yet, by considering the findings in context, it is possible to identify
associations between zooarchaeological variables and environmental
factors. Although temporal analysis will be applied, it should be noted
that sample sizes become very small when bro