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Abstract

Although many historians have extensively discussed the agricultural history of England between the Late Middle Ages
and the Modern Era, this period of crucial changes has received less attention by archaeologists. In this paper,
zooarchaeological evidence dated between the Late Middle Ages and the Early Modern period is analysed to investigate
changes in animal husbandry during the ‘long’ sixteenth century. The size and shape of the main domestic animals
(cattle, sheep, pig and chicken) is explored through biometrical data and discussed in line with evidence of taxonomic
frequencies, ageing and sex ratios. Data from 12 sites with relevant chronologies and located in different areas of the
country are considered. The results show that, although a remarkable size increase of animals occurred in England
throughout the post-medieval period, much of this improvement occurred as early as the sixteenth century. The nature
and causes of such improvement are discussed, with the aim of understanding the development of Early Modern farming
and the foundations of the so-called Agricultural Revolution.

Keywords Zooarchaeology - Biometry - Size increase - Early Modern Era - Britain

Introduction

During the sixteenth century, Europe shifted from being ‘me-
dieval’ to being ‘modern’ because some crucial changes oc-
curred in all aspects of life (e.g. Rice and Grafton 1994;
Johnson 1996). Abundant documentary evidence has allowed
historians to investigate some of these changes, such as the
exploration of other continents (e.g. Penrose 1952; Cipolla
1970; Parry 1981; Arnold 2002; Love 2006), the opening of
oceanic trade routes and expansion of commerce (e.g. Braudel
1992; Parker 2010), the remarkable development of politics
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(e.g. Allen 1928; Skinner 2007), science (e.g. Henry 2008;
Burns 2015; Wooton 2015), philosophy (e.g. Allen 1928;
Kraye 1996; Nauert 2006), international law (e.g.
Orakhelashvili 2006; Jeffery 2006), art (e.g. Bohn and
Saslow 2013) and the Protestant Reformation (Allen 1928;
Bainton 1952; Appold 2011) and, in England, the dissolution
of monasteries (e.g. Moorhouse 2012; Guinn-Chipman 2013).
Changes also occurred in the rural world which, arguably,
affected the character of human societies even more profound-
ly than the political and religious upheavals. In fact, the coun-
tryside of England underwent some major transformations
during the post-medieval period, with remarkable conse-
quences in farming. These changes included the following:

* The introduction of new crops (Crosby 2003; Fernandez
and Gonzalez 1990; Nunn and Qian 2010; Ratcliffe 1984)

* The introduction of new animal species such as the turkey
(e.g. Yalden 1999; Reed 2008; Thomas 2010; Fothergill
2014)

* New farming technologies and techniques such as wood-
en harnesses, light iron ploughs, drainage systems and
four-course systems of crop rotation (e.g. Thirsk 1967
Rusell 1986; Langdon 1986; Astill and Langdon 1997;
Williamson 2002)
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* The process of enclosure (e.g. Havinden 1961;
Kerridge 1967)

* A notable demographic increase associated with the
growth of urban demand (e.g. Beckett 1990; Jack 1996;
Dyer 2002)

For many, these are the causes of the so-called British
Agricultural Revolution (e.g. Kerridge 1967; Beckett 1990;
Williamson 2002), which ultimately led to the birth of modern
farming. Lord Ernle’s influential work (Prothero 1912) iden-
tified such important agricultural changes with the second half
of the eighteenth century, but his ideas were subsequently
challenged by historians, such as Fussell (1961), Kerridge
(1967) and Thirsk (1987), who suggested a much earlier onset
of those changes. Regardless of its starting date and its ‘revo-
lutionary’ nature, the British Agricultural Revolution is a con-
cept that is widely used by historians of Modern Britain (e.g.
Jones 1965; Kerridge 1967 and 1969; Beckett 1990; Overton
1984, 19964, b; Turner et al. 1996; Allen 1999; Clark 1999),
and the expression will therefore be referred to in this paper.

When it comes to investigating agricultural change, the
sixteenth century has, however, been somewhat disregarded,
perhaps because, traditionally, it has been overshadowed by
two major events (Allen 1991) that unquestionably trans-
formed the European countryside in both its appearance and
practices: the Black Death (mid-fourteenth century) (e.g.
Postan 1939; Dyer 1981; Verhulst 1990; Miller 1991;
Hopcraft 1994; Dodds and Britnell 2008) and the
Agricultural Revolution as originally interpreted (eighteenth
century) (e.g. Prothero 1912). Most of the period in between
these two events will be referred to in this work as the ‘long’
sixteenth century (spanning, broadly, from the mid-fifteenth
century to the mid-seventeenth century) and will be the main
focus of this paper, although some phenomena will also be
considered in a longer time perspective.

Historians have paid a substantial amount of attention to
the investigation of late- and post-medieval changes in agri-
culture and animal husbandry (e.g. Prothero 1912; Trow-
Smith 1957, 1959; Fussell 1961; Thirsk 1987; Campbell and
Overton 1993). Archaeologists, however, have been slower in
recognising the importance of the topic, with the exception of
some early work conducted by Philip Armitage (1978, 1980,
1982, 1990). In later years, the main topics that have been
investigated by zooarchaeologists are represented by late me-
dieval innovations in animal husbandry (Albarella 1997a),
evidence for the onset of the British Agricultural Revolution
(Davis 1997; Davis and Beckett 1999; Thomas 2005a, 2009)
and urban provisioning during the post-medieval period (e.g.
Gordon 2016). Some of the trends that have been identified
through zooarchaeological research include the substitution of
cattle with horse as the main draught animal, the increased
meat (mainly veal) and milk production and the enhanced
productivity related to a notable size increase of livestock
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(Langdon 1986; Albarella 1997a, b; Davis 1997; Davis and
Beckett 1999; Thomas 2005a, 2009; Sykes 2006; Vann and
Grimm 2010; Thomas et al. 2013). Zooarchaeological re-
search concerning late- and post-medieval agricultural chang-
es and ‘improvement’ has mainly focused on biometrical anal-
yses. The greatest attention has been paid to cattle and sheep,
the animals whose remains are the most frequent in English
sites dated to this period. Other livestock species that were
central to agriculture and everyday life, such as pig, chicken
or horse, on the contrary, have been somewhat neglected (for
turkey, however, see Reed 2008 and Fothergill 2014).

Most of the discussion has focused on when these changes
occurred (e.g. O’Connor 1995; Albarella and Davis 1996;
Davis 1997; Davis and Beckett 1999; Thomas 2005a, b;
Thomas et al. 2013), with no clear solution to the problem,
partly due to most researchers focusing only on datasets lim-
ited to specific case-studies and partly due to the fact that post-
medieval bone assemblages have sparked the interest of
scholars only rather recently. While all agree that changes in
animal husbandry were gradual rather than revolutionary, it is
still unclear if changes in England as a whole occurred as early
as the Late Middle Ages or later in time. For instance, a re-
markable size increase of livestock is visible at Dudley Castle
during the late medieval period (Thomas 2005b), while in
York, changes occurred only after the eighteenth century
(O’Connor 1995). Regional diversity in post-medieval
English agriculture has already been pointed out (Kerridge
1967; Thirsk 1987), with zooarchaeological evidence suggest-
ing that changes occurred earlier and more notably in the
south-eastern and central areas of the country than in the more
peripheral areas (Davis 1997; Davis and Beckett 1999;
Thomas et al. 2013; Thomas 2005b). The main research ques-
tions of this work concern whether improvements in livestock
management can be regarded as having already been under-
way at the beginning of the Modern period, during the ‘long’
sixteenth century and whether they should be regarded as part
of a countrywide trend or were rather punctuated and
localised.

It is argued here that such innovations were concerned with
increasing production and enhancing quality and therefore
related to ‘improvement’ in animal husbandry. This research
will mainly consider biometrical analysis, to look at size and
shape changes of the main food domesticates (cattle, sheep,
pig and chicken), during the period considered. Other evi-
dence, such as taxonomic proportions, kill-off patterns and
sex ratios will be utilised comparatively, to discuss the patterns
observed in the biometrical analysis.

A concept that needs to be clarified in this paper is that of
improvement, which has received wide attention by archaeol-
ogists and historians of the later Modern Era, particularly in
relation to the Enlightenment period and the idea of progress.
According to Tarlow (2007), “Improvement (in the Modern
Era) was a cross-cutting ethic, directed not only at the
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improvement of agricultural production (...), but also at the
moral, intellectual and physical improvement of the self, of the
labouring people, of society, of production and of the human
environment” (p. 16) and “encompasses and contextualises
traditional ‘industrial archaeology’ and joins material culture
with ideology” (p. 18). Therefore, investigating ‘improve-
ment’ is key for understanding of “all aspects of material life
in Britain in the period: agriculture and landscape change,
houses and architecture, town morphology, artefacts and tech-
nology, social practices (etc.)” (p. 18). With these consider-
ations in mind, it is important to clarify that ‘improvement’,
although largely regarded by farmers as a way to maximise
yield, indicates a different rather than necessarily better way to
manage animals or the landscape. For example, in the contem-
porary world, industrialised intensive farming can increase
meat output and profit, but is not necessarily desirable for
the society, the environment, let alone the welfare of the
animals.

This work provides clear evidence, based on biometrical
data, for a series of ‘improvements’ in animal husbandry al-
ready during the ‘long’ sixteenth century, long before the eigh-
teenth century. We suggest that, although many of these inno-
vations occurred already in the Late Middle Ages, their impact
was limited to some particular geographic areas; it was not
until the sixteenth century that they really became widespread,
making this century a turning point for English agricultural
history.

Materials and methods
The sites

The faunal remains from the following archaeological sites
have been re-analysed for the specific purpose of this paper:
Little Pickle (Bletchingley, Surrey), Flaxengate (Lincoln,
Lincolnshire) and The Shires (including Little Lane and St.
Peter’s Lane) (Leicester, Leicestershire). The stratigraphic in-
tegrity of these assemblages and the chronological attribution
of'the archaeological contexts were assessed by the excavators
and the zooarchaeologists who first analysed these materials
(see details below), who regarded them as valid and represen-
tative. Only some contexts, stratigraphically sound and se-
curely dated, as well as relevant for this paper (roughly, from
the fourteenth to the seventeenth centuries), were selected for
the current research.

Faunal remains from Little Pickle (Bletchingley, Surrey,
51.2406° N, 0.0992° W) are dated between 1490 and 1555
(Poulton 1998), when the site functioned as the manor country
house of Hextalls. The property was bought in the early six-
teenth century by the Duke of Buckingham and after his exe-
cution for treason in 1521 it was taken into royal control. The
site was excavated in 1988 and 1989, and the animal bones

were first studied by Bourdillon (1998). The faunal remains
were loaned to us by the Guildford Museum.

Two of the sites analysed by us (Little Lane and St. Peter’s
Lane) are both located in The Shires, an area in the city centre
of Leicester (52.6369° N, 1.1398° W), known nowadays to
the locals as the Highcross. Both sites were excavated in 1988
and 1989 (Lucas and Buckley 2007). The sites provided fau-
nal remains dated to a wide chronology, spanning from
Roman to contemporary times, but only the late medieval
and early post-medieval contexts (fourteenth—seventeenth
centuries), first studied by Gidney (1991a, b, ¢, 1992, 1993),
were re-analysed for this work. The faunal remains were made
available to us by the Leicester Museum.

The last set of faunal remains that has been re-examined
specifically for this paper comes from Flaxengate, in the city
centre of Lincoln (53.2307° N, 0.5406° W). The site provided
evidence spanning from Roman to contemporary times (Jones
1980), but only the late medieval and early post-medieval
faunal remains (late fourteenth-mid sixteenth centuries) were
considered for this paper. The animal bones were first
analysed by O’Connor (1982). The faunal remains were
loaned to our lab by The Collection Museum in Lincoln.

In addition to these primary data (raw data are available in
the supplementary online resources, file ‘Online Resource 2°),
further evidence was collected for other English assemblages
(Fig. 1). These include Dudley Castle (Thomas 2005b), Exeter
(Maltby 1979), Launceston Castle (Albarella and Davis
1996), various sites from London (Thomas et al. 2013),
Norton Priory (Wright et al. 2016), Norwich Castle
(Albarella et al. 2009), Okehampton Castle (Maltby 1982),
Saint Giles by Brompton Bridge (Stallibrass 1993) and West
Cotton (Albarella and Davis 1994, 2010). This large body of
data has allowed us to undertake a full comparative analysis

*
St Giles

Norton Priory
. R Flaxengate

Norwic
*

The Shires
*
*West Cotton

ENGLAND

London
*

Fig. 1 Map showing the location of the sites
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Table 1 Location of the sites

Site County Region

St. Giles North Yorkshire Yorkshire and the Humber
Norton Priory Cheshire North West England
Flaxengate Lincolnshire East Midlands

The Shires Leicestershire East Midlands

West Cotton Northamptonshire East Midlands
Norwich Norfolk East of England
Dudley West Midlands West Midlands
London City of London Greater London
Little Pickle Surrey South East England
Exeter Devon South West England
Okehampton Devon South West England
Launceston Cornwall South West England

aimed at identifying the timing and nature of animal husband-
ry changes. These sites cover most of England (Fig. 1,
Table 1), from north to south, and from east to west, although
the analysis is inevitably punctuated, with large sections of
West Midlands and the South West not represented. Some of
the sites are urban (e.g. London, Exeter and The Shires) or
castles (e.g. Dudley and Launceston), but faunal assemblages
from rural and monastic sites dated to the Early Modern period
are rare, making a full comparison between different types of
sites unfeasible on the basis of the current state of knowledge.

The different ‘period-sites’ (i.e. assemblages from the same
site but different periods) have been combined into three main
periods (Late Middle Ages, c. sixteenth century and seven-
teenth—nineteenth centuries). The period-sites considered for
each general chronological period are shown in Table 2.

The log-ratio technique and standards used

The log-ratio technique (Simpson 1941) has been used for the
present biometrical analysis. This technique increases the
sample size and allows direct comparison between measure-
ments (Meadow 1999; Albarella 2002). As a size index scal-
ing technique, the log-ratio relates our measurements to a
standard individual or the mean of a given population
(Payne and Bull 1988), calculating the decimal logarithm of
the ratio between the measurement and its standard. For the
comparative analysis between different period-sites, only
those that provided a sample size equal to or larger than 30
measurements were used, thus discarding period-sites with
very small samples, following a common practice in statistical
literature (Hogg et al. 2015).

The focus of the study is on cattle, sheep, pig and chicken.
It would have been valuable to include horse too, but the
relevant datasets tended to be too small. Goat was excluded
from the analysis when it was identified; however, some mea-
surements from specimens identified as sheep/goat have been
included due to the difficult distinction of the two species in
certain elements. Nonetheless, goat is rare in British medieval
and post-medieval sites (Albarella 1997a, 2003), and there-
fore, the inclusion of a few goat measurements to a sample
largely predominated by sheep does not affect the observed
patterns in any significant way.

Only a selection of all possible measurements was consid-
ered for the analysis based on the log-ratio technique. The
parts of the skeleton that were chosen are especially common
in archaeological assemblages as they tend to preserve well.
Also, the chosen measurements can be easily defined and
taken and are well suited for comparison across different

Table 2 Period-sites considered

in each general chronological Late Middle Ages

c. 16th c. Post-16th c.

period
Dudley m.13th-1.14th c.

Exeter 14th—15th c.
Flaxengate 1.14th—e.16th c.
Launceston 15th c.
Launceston 1.13th c.
London 13th-m.14th c.
London m.14th—15th c.
Norwich 1.12th-m.14th c.
Okehampton 13th—15th c.
St. Giles 1.13th-m.15th c.
St. Giles m.15th—e.16th c.
The Shires 14th—e.15th c.
West Cotton m.13th-m.15th c.

Dudley 15th—e.16th c.

Exeter 16th c.

Exeter m.16th-m.17th c.
Flaxengate 1.15th-m.16th c.
Launceston 16th-m.17th c.
London m.15th—16th c.
London m.16th-m.17th c.
Little Pickle first half of 16th c.

Dudley 17th-m.18th c.
Exeter 17th c.

Exeter 18th c.
Launceston 17th—19th c.
London 17th c.

London 18th c.

London 19th c.

London m.17th-m.18th c.

Norwich m.14th-1.16th c.
Okehampton 15th—16th c.
St. Giles 16th-m.17th c.
The Shires 15th-m.16th c.
The Shires 16th c.

The Shires 16th—17th c.
Dudley 16th-m.17th c.

Norwich 1.16th-m.17th c.
Norwich m.17th-m.18th c.
Norwich m.18th—1.18th c.

Norton Priory m.16th-m.18th c.

Okehampton 16th—18th c.
St. Giles m.17th-m.18th c.
The Shires 17th c.

e. early, m. middle, /. late
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researchers. Finally, the measurements were chosen because
of'their relatively low sexual dimorphism and because they are
not amongst the most age dependent (Popkin et al. 2012). In
this work, the priority was to look at morphometric differences
between livestock types, rather than the identification of age
and sex groups, though these must be taken into account in the
interpretation, as changes in sex ratios can generate changes in
size (Hadjikoumis 2010).

There is better correlation between measurements taken
along the same axis than between those on different axes
(Davis 1996) and, ideally, only measurements taken in the
same plane should be combined, making sure that only one
measurement per bone is considered. Lengths, widths and
depths have therefore been plotted separately. Fused and fus-
ing, but not unfused, bones have been included in the analysis.
The inclusion of fusing bones may result in a potential bias in
the size patterns, as some fusing bones may still be in the
process of growth. However, their number was small and
therefore they are unlikely to have produced any substantial
effect on the observed patterns. The list of anatomical ele-
ments and measurements used for this analysis, as well as
some further information on them, is provided as part of the
supplementary online resources (‘Online Resource 1°).

The set of standard measurements used for cattle, sheep
and chicken have been calculated from our own data from
The Shires, following well-known statistical methods (see
‘Online Resource 1’ for details). These standards have been
calculated from the combination of the contexts dated between

the fifteenth and mid-sixteenth centuries (both Little Lane and
St. Peter’s Lane). As part of the supplementary online re-
sources (‘Online Resource 1°), the standards calculated for
The Shires are provided (Tables S2 to S4), and the measure-
ments themselves can be found in the supplementary online
resources (‘Online Resource 2°). For the biometrical analysis
of pig postcranial bone and tooth measurements, the standards
are those derived from Late Neolithic Durrington Walls
(Albarella and Payne 2005).

In total, almost 17,600 measurements were collected.
Nearly 5200 of those are from cattle, 7400 from sheep, 1500
from pig and 3500 from chicken. Of these, approximately
6400 are dated to the Late Middle Ages, 7300 to the c. six-
teenth century and 3900 to the seventeenth—nineteenth
centuries.

Results

In the following sections, the results of the biometrical analy-
ses for the four main livestock species used as food (cattle,
sheep, pig and chicken) are shown. In each case, box plots
comparing the log-ratios of all period-sites are provided.

Cattle

In Figs. 2, 3 and 4, the log-ratios for cattle postcranial bones
(widths, lengths and depths, respectively) are shown for each

Fig. 2 Box-plot showing the log-
ratios of cattle postcranial widths,
for each period-site

London 18th ¢

Norwich m.18th-1.18th ¢
London 18th ¢

Exeter 18th ¢

Norwich m.17th-m.18th ¢ o
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Launceston 17th-19th ¢ -
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Exeter 17th ¢.7]
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Norton Priory 16th-18th .=
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Fig. 3 Box-plot showing the log-
ratios of cattle postcranial lengths, London 16th - S
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chronological groups, as exemplified by the notable size dif-
ference between cattle from London 17th-19th c., Launceston
17th-19th c. and Exeter 18th c.

A histogram of the axis with most measurements (widths)
is shown in Fig. 5, taking into consideration only those period-
sites (with sample size larger than 30) that provided measure-
ments only dated to the sixteenth century, or to the centuries
just before or after, with no chronological overlap. The graph
shows a remarkable size increase in the Early Modern period
at The Shires and the very large size of the sixteenth century
Little Pickle cattle.

When all period-sites are combined into three general chro-
nological periods, the sixteenth century size increase of cattle
is already very clear, though further increase occurs later
(Fig. 6). Although measurements along the three axes all in-
creased in size through time, the change is more marked in
depths and, particularly, widths. Post-medieval cattle were, on
average, more robust than late medieval ones.

In the online resources (‘Online Resource 1°), statistical
analyses of the biometrical data of cattle postcranial widths

Fig. 5 Histogram with cattle
width measurements

(S5), lengths (S6) and depths (S7) are shown. The results of
the pairwise comparison (using a Mann-Whitney U test),
summarised in Table 3, show very highly statistically signifi-
cant differences between the three periods, suggesting a size
increase of cattle in the three skeletal axes through time, and
already in the period around the sixteenth century.

Sheep

The log-ratios of sheep postcranial bones comparing different
period-sites are shown in Figs. 7, 8 and 9 (widths, lengths and
depths, respectively). The three graphs show an overall in-
crease in size through time, for the three axes. An interesting
pattern appears when looking at the range of the width values:
it seems that width values progressively become more vari-
able, perhaps suggesting that, in later times, sheep breeds of
very different robustness occurred in England.

In Fig. 10, a histogram of the axis with most measurements
(widths) is shown, taking into consideration only those period-
sites (with sample size larger than 30) that provided
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Fig. 6 Mean values of the three postcranial axes for cattle

measurements solely dated to the sixteenth century, or to the
centuries just before or after, with no chronological overlap.
Similarly to cattle, the graph shows a substantial size increase
at The Shires and that sixteenth century Little Pickle and
Exeter had very large sheep.

‘When grouped into three chronological periods, the pattern
seems clear: the evidence suggests that sheep increased in size
remarkably in post-medieval times and already in the six-
teenth century. Figure 11 summarises the evolution of the
means for the three axes through time. This graph suggests a
very notable size increase of sheep in all axes, although
lengths did not change as much as widths and depths in the
post-sixteenth century. As for cattle, post-medieval sheep
were, on average, more robust than late medieval ones.

In the supplementary resources (‘Online Resource 1°), the
statistics analysing the biometrical data of sheep postcranial
widths (S8), lengths (S9) and depths (S10) are shown. The
results of the pairwise comparison (using a Mann-Whitney
U test), summarised in Table 4, show very highly statistically
significant differences between the three periods, suggesting a
size increase of sheep in the three skeletal axes through time,
and already in the c. sixteenth century.

Pig

Many pig bones recovered from late and post-medieval
English sites are not fused, and thus, their measurements can-
not be used for this analysis. For this reason, pig postcranial
measurements represent the smallest sample size of the four
taxa analysed in this paper, and therefore, the results must be
taken cautiously. However, unlike for the other species, a rel-
atively large number of pig tooth measurements could be tak-
en, which provides the opportunity to investigate whether ob-
served size changes are related to genetic or phenotypic fac-
tors. Teeth are less plastic than bones and therefore less affect-
ed by environmental factors (such as nutrition and breeding
conditions), as well as age and sex variation (Degerbel 1963;
Payne and Bull 1988; Albarella 2002); thus, change in tooth
size is more likely to indicate genotypic variation, which could
be caused by the introduction of new animals or the evolution
of local ones (Albarella et al. 2007).

The log-ratios of pig postcranial bones by period-sites are
shown in Figs 12 and 13 (widths and lengths, respectively).
The sample size for many of the period-sites is limited, espe-
cially for width measurements, so a clear pattern is not visible.
The graph showing the log-ratios