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CHAPTER 1: INTRODUCTION

1.1: The problem
It is axiomatic that humankind, particularly in the Near East and Western Europe, began to
exploit bovine domesticates for milk at some time in antiquity. This brought nutritional
benefits for herders, delivered over an extended period, while the animal itself remained
viable. In contrast, slaughter of animals for meat was, by definition, a ‘one-off’ event. The
process of dairying has been of intense interest for archaeologists, in particular identifying
when and where milking activity took place (for example, Sherratt 1981, 1983; Bogucki
1984a, b; Craig 2003; Isaakidou 2006; Vigne & Helmer 2007).

There are a number of bioarchaeological methodologies which have been used to
demonstrate animal exploitation strategies, including milking, in excavations of agrarian
settlements; the basis of one of the most commonly used techniques is an ethnographic
study of sheep-herding (Payne 1973), and involves a determination of the age-at-death for
the archaeological population by observations of wear in mandibular molariform teeth. The
pattern of age-at-death can then be compared to various paradigms, compiled by Payne
(1973), which were themselves based on observed ethnographic activity. For milking, a
specific peak of mortality is seen in the infant or neonate stage, followed by another peak
when animals are elderly. This pattern is based in part on the observed practice of
slaughtering a proportion of neonate animals, predominantly male, to maximise milk
harvest for human use, together with the final slaughter of worn-out senile cows. The
earlier peak includes a further proportion of neonates suffering attritional death at and
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around birth (Payne 1973: 281-283). Importantly, particularly in cattle, the neonate
slaughter should be postponed until lactation in the dam has been firmly established. In
another ethnographic study, it was demonstrated that, for ‘unimproved’ cattle, whose
behaviour might be expected to correlate with that of cattle in antiquity, at least 10 days
must supervene after birth before this can be assumed (Halstead 1998: 6).

A particular weakness of methodologies based on tooth-wear is that age-estimations cannot
be established until wear has commenced; individuals showing little or no molar or
premolar wear must be diagnosed as of an age less than that when wear is first observable.
In cattle significant tooth-wear (sufficient to expose dentine) is generally accepted to be
initiated after the end of the first month of age, although reports have suggested this may be
somewhat earlier (Mulville et al. 2005: 171). Thus, using tooth-wear methodologies, there
is no way to differentiate between aborted foetuses, still-born animals, those that succumb
in the first few days of life, and those that may have been slaughtered once maternal
lactation has been established, as discussed above.

This has implications for the interpretation of animal exploitation strategies: if a peak of
neonate mortality is all the result of abortion, stillbirth or perinatal death, no anthropogenic
slaughter to maximise milk harvest can have taken place. Furthermore, the cows with dead
offspring will probably not have commenced lactation. Hence a definitive inference of milk
exploitation based on mortality evidence alone would be tenuous in these circumstances.
The development of a methodology to differentiate between very young age-cohorts would
thus be of value, as has recently been suggested (Vigne & Helmer 2007: 33); such an
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approach would not only enable identification of animals that might, or might not, have
suffered a human cull, but would also allow a discussion of potential causes of attritional
calf death, since different age-categories are subject to different rafts of microbial
pathogens and environmental challenges.

1.2: Aims
The overall aims of this study are threefold:
1. To develop a technique which will enable the differentiation by age of bovine foetal
and neonate age cohorts.
2. To investigate possible attritional causes of early peaks of mortality.
3. To evaluate the extent to which milking may have had a detrimental effect on the
health of bovines, and in particular their calves, in antiquity.
The exploration of these aims will be placed within the specific archaeological context of
prehistoric to early historic (Neolithic-Late Norse) Orkney.

The association of milking with neonate death through anthropogenic slaughter is widely
accepted within archaeology (for example, Legge 1981a, b; 1989; 2005; Mulville 1999;
Mulville et al. 2005; Serjeantson & Bond 2007a, b). In modern UK dairy farming,
however, as many as 1 in 6 calves die through natural (non-anthropogenic) mortality
(DEFRA 2006). Although modern animals and husbandry practices are probably not the
best correlates to those of the past, this does indicate that dairying can be tenuous for the
calf, and hence that some proportion of neonate deaths in antiquity were the result of
natural mortality (McCormick 1998; Kelly 2000). This thesis aims to provide new insights
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into the natural versus anthropogenic neonate mortality debate through methodological
development of ageing techniques for foetal/neonatal material. It is anticipated that
accurate neonatal age-diagnoses will help to identify animals which were probably too
young for anthropogenic slaughter, such as abortions and stillbirths, and could also be used
to suggest possible aetiologies for infant mortality, which can differ between age-cohorts;
hence an understanding of foetal/neonate mortality is required. The Western and Northern
Isles of Scotland have been central to the natural versus anthropogenic mortality debate
because of the high levels of neonate mortality found at many sites in this region (for
example, Noddle 1983; Parker Pearson et al. 1996; Mulville 1999; Mulville et al. 2005;
Serjeantson et al. 2005; McCormick 2006; Serjeantson & Bond 2007a, b), which makes
application of any refined ageing technique developed in this thesis to the understanding of
ancient Orcadian cattle husbandry practices particularly appropriate. Use of such a
technique on bovine bone assemblages could then be used to assess whether more accurate
age diagnoses may be used to challenge or modify existing interpretations of dairying in
this North Atlantic context.

A related topic is the impact of milking/dairying on bovine health. The close animal-human
contact necessary during milking, particularly hand-milking as in the past, and the stress
caused by early weaning and partial separation of calves in regimes where such calves are
not slaughtered to enhance milk harvest, may arguably create conditions which facilitate
the transmission of disease, between animals, from human to bovine, and from bovine to
human, as well as exacerbating the risk of infection through environmental contaminants.
Milk itself can potentially be involved in disease transmission, particularly where calves
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are bucket-fed. The extent to which natural neonate mortality and related aspects of disease
in adult cattle may be directly associated with milking practices is thus also considered a
critical element of this thesis.

It is necessary to consider cattle health issues over a range of ages, covering calfhood,
pregnancy and lactation, due to the intimate association between cow and calf; issues
relating to the health of the cow both during gestation and post-parturition will often be
reflected in the health of the calf. Application of any findings will again be considered,
where possible, within the specific context of Orcadian prehistory, to establish how a
dairying strategy might have affected neonate mortality, and what implications this may
have for interpretation of bioarchaeological data.

This research thus has four aspects: a methodological study which aims to enable better
resolution of age diagnosis in infant cattle during gestation and in the very early days of
life; an exploration of the potential bovine health hazards that might have been encountered
in early dairying; a discussion of the aetiology of foetal and neonatal death in bovines; and,
analyses of the implications such age diagnoses would have on the interpretation of bovine
mortality profiles from six archaeological study sites in Orkney, together with an
archaeological control site from York.

1.3: Methodologies
A collection of 73 mandibles from present-day known-age or known-gestation-stage calves
has been assembled for calibration purposes in order to assess and develop a number of
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different methodologies for age diagnosis. These are used in an attempt to diagnose the
ages of neonate individuals, using similar elements, within the archaeological assemblages
of bovine bone from the study sites.

Methodologies utilised consist of those traditionally associated with archaeological site
reports, such as tooth-wear-stage analysis (Grant 1975; 1982). Age-related tooth
development estimations based on radiographs of in situ mandibular teeth (Gjesdal 1969)
are utilised; an existing technique (Brown & Chapman 1991a, b) is also here adapted and
developed specifically for this study to encompass the deciduous dentition in bovine
neonate material. Each method used is assessed for its ability to identify the age-at-death of
very young calf material, particularly from bone elements fragmented and degraded by
taphonomic action.

1.4: Thesis structure
Following this introduction, chapter 2 is devoted to a discussion of the theoretical
background around the topic of dairying in antiquity, and will first explore how thinking
has been influenced by the work of two scholars: Sebastian Payne and Andrew Sherratt.
The adoption of Payne’s tooth-wear analysis methodology (1973), facilitating the creation
of species mortality profiles for site bone assemblages, and the use of his ‘kill-off patterns’
(1973) in the interpretation of palaeoeconomic activity based on domesticate exploitation,
have been hugely influential in the interpretation of patterns of animal exploitation.
Sherratt’s concept of a ‘Secondary Products Revolution’ (1981, 1983) put this and other
bioarchaeological inferences into context on a global scale.
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A critique of the application of Payne’s methods to cattle follows, together with descriptive
discussions of various alternative bioarchaeological methodologies supporting the
inference of dairying, such as the demonstration of changes in animal metapodial bone
mass and the use of quantitative bone histomorphometry to demonstrate calcium
mobilisation during lactation, together with isotopic analysis and the demonstration of the
presence of lipid and protein residues in ceramics. Other topics discussed here will include
historiographical and material culture evidence for dairying, such as translations of early
Irish law-codes and the discovery of wooden vessels containing ‘bog-butter’. The chapter
will close with a description of human lactose intolerance and a discussion of how its
geographical prevalence can be used in the inference of dairying in antiquity.

Chapter 3 contains a critical discussion of the various published methodologies used to
identify the age-at-death in bone material of archaeozoological origin, such as the ages of
incidence of epiphyseal fusion in various elements, and metrical analysis of post-cranial
elements for foetal age prediction. Methodologies associated with the dentition are also
described, such as tooth eruption analysis, together with a discussion of age prediction by
tooth-wear analysis of mandibular molariform teeth. Two methodologies based on
radiographic analysis of the mandible for tooth developmental stages are described.
Another potential method, the identification of the neonatal line, not generally utilised in
animal material, is also discussed. Each methodology is assessed in terms of its potential
for identifying neonate age-groups and hence possible use in this study.
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The six Orcadian study sites are described in chapter 4, after an introductory section
justifying the choice of contexts and a brief discussion of the environment of the Orkney
Isles in general. Where a published report is available, a brief overview of each site
excavation and summary of structural and bioarchaeological findings, together with
temporal phasing, will also include the palaeoeconomic interpretation of cattle exploitation
in antiquity given in the report. For the remaining sites, as yet unpublished, details made
available via preliminary reports will be given. The archaeological control site, at The
Bedern, York, will also be briefly described.

Chapter 5 is concerned with aspects of disease in cattle that relate to dairying. In
particular, the aetiology of abortion and neonate death will be discussed, listing and briefly
discussing a number of abortifacients and disease agents; where possible, contextual
relevance specific to the Orkney sites will be included. The importance of adequate
colostrum consumption in neonatal calves for the provision of immunological protection
immediately after birth is emphasised.

Chapter 6 covers dairy husbandry practices, such as hand milking, and how these can
affect bovine health and welfare. Reference is made to the physiology of lactation and milk
let-down, including a discussion of species differences in udder physiology. The process of
hand-milking is analysed to identify processes that might present biohazards; such
processes are contextualised with historiographic and ethnographic references. Possible
calf health problems associated with group rearing are considered. Health conditions in
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adult cattle, which can affect fertility, lactation and calf health are discussed, in particular,
lameness, mastitis and nutritional insufficiency.

Bovine molariform tooth development is the focus of chapter 7, giving the theoretical
background to the main methodological thread of the study, which relies on the recognition
of sequential stages in the development of the deciduous dentition. Reference is made to
the dental formula of Bos taurus, and the morphologies of individual teeth are described.

Chapter 8 begins the methodological section of the thesis, with a description of the
material and methods used, initially with the control assemblage of modern foetal and
neonate material. The origin and collection of this is reported, together with relevant
individual data received at source, such as gestation age or post-natal age.

The chapter also details the application of ageing techniques, as detailed in chapter 3, such
as tooth-wear analysis. The methodology used to produce radiographs of mandibles is
described, and, for foetal control material, subsequent observations of X-ray images to
compare tooth development with a published temporal sequence (Gjesdal 1969), in order to
estimate age-at-abortion in comparison with given attested figures. Radiograph images are
also used to award each mandible a ‘development score’ based on a published sequence of
ten developmental criteria (Brown & Chapman 1991a, b). Total scores, the sum of scores
for the teeth studied, can then be related to attested ages to form the basis of a methodology
by which unknown-age mandibles could be similarly scored and an age inference made.
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Chapter 9 presents the results of the application of ageing techniques on the modern
control assemblage from the previous chapter; for certain of the methodologies, such as
tooth-wear analysis, ages-at-death inferred are compared with the attested ages of the
control assemblage, and each technique assessed for accuracy. In the cases of modified
methodologies, specifically, metrical examination of the mandible and tooth development
scoring, the attested ages of the control mandibles are used to create a predictive index or
table, whereby unknown-age material can be similarly measured or scored, and an
estimated age provided by comparison with the results obtained from the known-age
controls.

A further modification of the tooth-development scoring technique (Brown & Chapman
1991a, b), involving the parallel creation of further age/score tables, is also described in
this chapter. Here, by summating the scores of various combinations of teeth in the control
mandibles, total scoring can be based on partial dentitions, replicating the residual in situ
teeth typically seen in the fragmented mandibles found in archaeological assemblages.

Chapter 10 describes the acquisition and composition of the archaeological assemblages,
and modifications to techniques used on the modern control assemblage that were
considered necessary to adapt for the taphonomic degradation of excavated material, where
allowance had to be made for fragmented bones and missing teeth. Mandibles from animals
inferred as neonate from tooth-wear analysis were radiographed and a tooth-development
score derived from examination for developmental criteria, as described in chapters 8 & 9.
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In chapter 11, summary results based on data derived from the methodologies described in
chapter 8, and modified in chapter 9 are presented, for the 6 archaeological assemblages
(plus the archaeological controls from York) considered in this study. These consist
initially of age-classifications (Halstead 1985) inferred from tooth-wear analysis; in some
cases with relatively intact material, metrical analyses are also possible. Results are given
for the various temporal phases on each site. The results of tooth-development age
categorisation derived from radiographic examination of neonate material from each site
are presented. Procedures contributing towards the quality assurance of results, including
analysis of results from the archaeological controls, are described and discussed.

In Chapter 12, bar-charts representing population death profiles and survivorship curves
are presented for each site, in most cases based on populations from various temporal
phases. These are interpreted, at first, in terms of Payne’s kill-off patterns (1973) of animal
exploitation. Where neonate age-diagnosis has been performed, using the modified toothdevelopment technique, as described in earlier chapters, a bar-chart reflecting neonate agedistribution is presented for each site-phase. Comment is made where this could modify
earlier palaeoeconomic interpretation based on tooth-wear alone, and a reinterpretation in
the light of these new data given. Where published results are available, the interpretation
derived from this study is compared with the original published version. Discussion is
made of the interpretations where site-phases were contemporary, so that any variations
between Orkney sites can be highlighted. Possible inferences of aetiologies for abortion
and/or neonate death are given where appropriate.
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Chapter 13 is a synthesis of the study, and will show to what extent the overall aims listed
in this chapter (section 1.2) have been met, by elucidating “the fate of neonate calves”. It
will demonstrate how the novel methodology for ageing neonates might lead to a
reassessment of the interpretation of mortality profiles in early age-cohorts, and help
provide insights into dairy husbandry in antiquity. The putative identification of individuals
that were highly unlikely to have been slaughtered through human activity highlights a
consideration of how else they might have died. Various infective and other agents have
been suggested in the study, and, in particular, consideration given to how human activities
involved in dairying, for example, hand milking, might have themselves contributed to the
attritional death toll. A number of topics for further study are suggested, some of which are
briefly discussed in the body of the thesis, such as the application of the technique to other
sites in the North Atlantic area or elsewhere, and the health implications of milking for
adult cattle, with particular consideration given to lameness and mastitis. Further possible
methodological study is also suggested, such as adapting the tooth-development
methodology for the ageing of neonate sheep.
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CHAPTER 2: THEORETICAL BACKGROUND

2.0: Introduction
This chapter is intended to give a brief overview of the bioarchaeological study of dairying
in antiquity. The transition made from exploiting certain animals for their meat alone, to
that of additionally collecting part of their milk supply for human consumption, part of the
so-called ‘Secondary Products Revolution’ (Sherratt 1981) is discussed; in particular, in
terms of how it might be detected archaeologically. Payne’s three models of ‘kill-off’
pattern (1973) are also described, showing what proportion of a given animal population
might have survived through time for each of three exploitation targets, including milking.

This will be followed by a review of some of the different interpretations of kill-off data
that have been applied in recent faunal reports from excavations, emphasising Orkney and
other North Atlantic contexts, and the different rationales behind them, including critiques.
Evidence and methodologies for determining the antiquity and practice of dairying will
also be discussed, such as material culture and isotopic analysis, that might be used to
reinforce an inference of dairying in antiquity. The chapter will conclude with an extended
discussion of human lactose intolerance, citing published theories on the mechanism for
selection or distribution of the trait in antiquity; this was almost certainly associated in
some way with the practice of dairying, and will be shown to have particular relevance to
Scottish contexts.

14
2.1: The ‘Secondary Products Revolution’
Sherratt (1981: 261-305) argued that a ‘Secondary Products Revolution’ (2PR) occurred
towards the end of the Neolithic during the fourth millennium BC, beginning in the Near
East, whereby, amongst other innovations, domesticated animals began to be exploited for
their products while still alive: for example, milk and wool in sheep, and milk, tractive
effort and perhaps blood in cattle; in addition to the pre-existing strategy of slaughter for
meat, hides and other post mortem products from both species. The change also
accompanied an intensification of arable agriculture in which the muscular power of
suitable animals was also harnessed for their use as riding, draught or pack animals. This
enabled the inception of ox-powered heavy ploughing, which broke up the soil and
destroyed weeds more effectively than by human effort alone, allowing the planting and
cultivation of arable crops. It also enabled the use of carts, packs, and panniers for transport
of the harvest products of the newly-intensive arable agriculture. Transport further
facilitated the accumulation, storage and trade of surpluses.

Faeces, from animals that were fenced, tied or otherwise restrained for necessary access,
became more readily available as a fuel and as a soil fertiliser, postponing soil exhaustion,
and helping to enable the establishment of permanent settlements. Wool, gathered as a
secondary product from sheep, could be spun for textile production, while milk from sheep,
goats or cattle could be consumed directly or processed into cheese, butter or yoghurt to be
stored or traded. These products of the living animal were in part continuously renewable,
while slaughter and carcase consumption remained as a terminal option.
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Sherratt contended that these technologies spread from the Near East into the Balkans and
Central Europe and east into India and China, although here the subsistence emphasis for
protein consumption was on fish, pork and rice paddies (1981: 300), so the effects of the
2PR were more muted, mainly involving the exploitation of the muscular power of
animals; milking was not practised in general. Innovations were facilitated by the diffusion
of new species and breeds, such as the horse, donkey, and woolly sheep, and were
dependent upon the adoption of new technology and techniques, such as the wheel and ard,
and ploughing and milking (Isaakidou 2006: 95). This enabled the exploitation of marginal
land and formation of nucleated permanent settlements and consequent population growth;
the exploitation of horse and donkey as riding and pack animals further extended the
possibilities for trade and barter of possible surpluses. Adoption of these strategies was not
uniform, nor did it coincide temporally; rather, there was a “mosaic of individual
innovations” (Sherratt 1983:100). Isaakidou, discussing Neolithic and Bronze Age
Knossos, qualified this, suggesting that in the early stages of the 2PR “exploitation of
secondary products (was) a far scarcer and more contingent phenomenon than envisaged by
Sherratt’s model”; specific socio-economic circumstances were necessary for its adoption,
a distinction being drawn between knowledge of secondary products and their systematic
exploitation (2006: 108-109).

Chapman (1982) proposed a more gradual adoption of animal ‘secondary products’ over at
least two millennia in Europe and the Near East; he also reflected that, far from animalpowered ploughing enabling high population density in the Neolithic climax being
‘revolutionary’ in a beneficial sense, these factors contributed to environmental
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despoilation and soil deterioration and hence low population density in the succeeding 3rd
millennium bc (Chapman 1982: 119-120). Chapman also questioned the basis of Sherratt’s
dating evidence in iconography, written texts and organic remains, since these only provide
a terminus ante quem for the introduction of ploughing and milking (1982: 115).
Greenfield (1988: 587; 2005: 28-29), studying sites in the Balkans, put the period of
change in animal exploitation from carnivorous to secondary products at or soon after the
start of the post-Neolithic era, while Harrison (1985: 100) showed that, in Spain and
Portugal, horses, animal traction and dairying all flourished after 2000 bc, and had the
effect of concentrating wealth among a few individuals. Studies of lipid residues from
ceramic vessels (for example, Dudd et al. 1999), a technique discussed later in this chapter,
have been used to push back the terminus ante quem for dairying; in Britain, to the Early
Neolithic (Copley et al. 2003). Most recently, the technique has been used to establish that
equine dairying took place in Kazakhstan around 5500 years ago, 1000 years earlier than
had been thought (Outram et al. 2009).

Vigne & Helmer (2007: 35) felt that the concept of ‘2PR equals civilisation’ expressed an
ethnocentricism that undervalued the skills and abilities of the last early Neolithic huntergatherers, citing achievements such as bipolar flint knapping and sophisticated buildings,
from which can be inferred a high level of social communication and organisation. They
also suggested an adjustment of the nomenclature used, particularly in respect of the
utilisation of animals, whereby ‘secondary products’ should be renamed ‘lifetime
products’, and ‘primary products’ renamed ‘final products’, as this would better reflect the
chaîne opératoire of animal utilisation (Vigne & Helmer 2007: 36).
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Bogucki, studying north central Europe, dated the dairying component of the 2PR to
around 4500 bc; he supported his arguments by positing that sieve-like pottery forms found
on Linearbandkeramic (LBK) sites (figure 2.1), represented cheese-strainers, where, in
order to consolidate a cheese, whey is forced out by pressure through holes in a sieve. To
further support his argument, among other data, he cited zoomorphic LBK vessel forms
possibly suggesting a cow (figure 2.2) (1984a: 51-58), presumably intended to hold milk
for drinking.

Figure 2.1: Putative ceramic cheese-strainer sieves from LBK context in Brześć Kujawski, Poland (Bogucki
1984a: 54; figures 3a & 3b).

Figure 2.2: LBK zoomorphic vessel from Hienheim, Bavaria (Bogucki 1984a: 51; figure 1).
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As will be discussed in a later chapter, although milking for direct consumption could have
been a survival strategy, fresh milk will only keep for around two days in normal (clean
and cool) circumstances before becoming contaminated and unfit for consumption. Its
conversion into products with both better keeping qualities, and a greater energy return per
unit volume, such as butter and cheese, is therefore highly desirable, since the latter
contains 25% protein compared to 20% in meat and 2.5% in milk, together with 35% fat
compared to 30% in meat (Ryder, 1981a: 195). These products thus represent high-value
commodities that can be stored against hard times, or traded with other settlements for
other necessities unavailable locally, and are an essential component of the 2PR.

2.2: Kill-off patterns – Payne’s models
In order to detect animal exploitation strategies, most of the authors mentioned above have
at some stage relied on the analysis of animal bone assemblages to give an approximate
age-at-death of individuals. These data can be synthesised into age profiles for site- or
context- species populations. Interpretation of the significance of such profiles in terms of
palaeoeconomic strategies is traditionally based on the work of Payne (1973), who
discussed the factors which might influence slaughter strategies for domesticates. From
ethnographic studies of modern Turkish herders at Aşvan Kale, he derived three age-atslaughter models for sheep and goats which were related to the utilisation of the flock for
meat, milk or wool. By observing the patterns of wear at death in the mandibular molar and
premolar teeth of these known-age animals, he was able to produce predictive patterns of
such wear for different age-groups, which could then be applied to unknown-age animals.
These topics will be discussed further in section 3.4.
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Payne found from his ethnographic study (1973) that where milk production was the aim,
that after initial attritional neonate deaths, there was a kill-off pattern resulting in the death
of up to 50% of stock at a very young age, as seen in figure 2.3. Those killed would have
been predominantly male, since males were not required for milk production, merely a few
for breeding purposes. Sufficient females to provide replacement stock would be raised,
despite their existence representing a drain on milk production until weaned. After this
early peak in mortality, there would be a gradual decline in numbers, with occasional culls
due to sickness or accident. Milking females were retained for up to 10 years.

Figure 2.3: Payne’s model ‘B’ – possible kill-off pattern for milk production (1973: 283; FIG. 2).
KEY: Histogram = age/population percentage distribution; curve = percentage survivorship pattern.

A kill-off pattern where meat production alone was the aim showed minimal infant
mortality, with a sharp cull of animals, predominantly males, at the age of optimal weight
gain, between 2 and 3 years old (figure 2.4). Most of the females and a few males would be
retained beyond this as breeding stock.
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Figure 2.4: Payne’s model ‘A’ – possible kill-off pattern for meat production (1973: 282; FIG. 1).

The third kill-off pattern, for wool production, showed a shallower curve, with only
attritional deaths till old age (figure 2.5). Females and castrated males not required for
breeding were retained till wool quality declined at around 6 to 10 years.

Figure 2.5: Payne’s model ‘C’ – Possible kill-off pattern for wool production (1973: 284; FIG. 3).
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Payne (1973: 281) stipulated a range of factors that would influence these age-at-slaughter
decisions: the relative value of the different products, the characteristics of the stock, and
environmental factors, such as seasonal feed availability. In order to produce these kill-offpatterns in archaeozoological assemblages, mortality figures for the entire animal
population were necessary; the use of epiphyseal fusion ages, as described by Silver (1969)
(section 3.1) for categorisation was thus precluded, as sequences of fusion terminate
relatively early in life. Payne found tooth wear criteria to be a more efficacious means of
establishing categories of age throughout the life of an animal, since he was able to
correlate patterns of wear in specific mandibular teeth with various age categories, by
virtue of the varying cross-sectional patterns produced by progressive tooth wear.

Using these data, he was able to compare present-day slaughter patterns at Aşvan Kale with
those derived from ovicaprine bone assemblages from Hellenistic, Roman and mediaeval
contexts found in the same location, using his tooth wear pattern profiles in mandibles for
ageing archaeological material. He showed that mediaeval sheep exploitation for meat and
milk was similar to the modern pattern, but in the earlier periods the majority of animals
were killed at between 2 and 6 years, probably reflecting their exploitation for wool (Payne
1973: 201-202).

Payne’s same paradigms used for sheep have been adapted for other species, in particular
cattle, where animal traction has been substituted for wool as the third alternative
exploitation pattern (Hambleton 1999). Such workers as Grant (1975) and Halstead (1985)
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have refined recording and interpretation for this species; this will be discussed in section
3.4.

2.2.1: Alternative interpretations of animal population data
Payne called his models ‘kill-off patterns’; this was strictly true for his ethnographic study,
as he was observing the real-time slaughter of the animals. However, adoption of the term
‘kill-off pattern’ is more tenuous in relation to archaeological assemblages, where the cause
of death is generally unknown; here the term is rather inappropriate and inaccurate, since
an unknown proportion of the animal remains recovered could have died through natural
causes rather than by human butchery. Attrition due to accident, predation, malnutrition
and disease will always cause a proportion of deaths, particularly at the young and old
extremes of age. Even cut-marks observed on bone do not identify slaughter with absolute
certainty, as diseased carcases may have been exploited, if only by being skinned.
‘Mortality- or survivorship-patterns’ are better terms to use than those implying a solely
human agency for death.

The three models represent optimal slaughter strategies, which imply that herd
management was geared towards the sole production of meat, milk or wool (Halstead,
1998: 4-5). They should only be used for guidance in the interpretation of
archaeozoological data. People in the past may not have had the same economic goals as in
the present, and their use of animals and husbandry practices may have reflected cultural or
environmental pressures. Examples of such constraints could be the quality or availability
of fodder, or, in a market economy, the optimal saleable age of a carcase. Animals in the
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past may also have been less productive on an individual basis in terms of meat, milk or
wool production compared to their modern counterparts, and may not have permitted
exploitation in the manner represented in the models. Alternatively, two or more
exploitation patterns may have been used simultaneously; this might skew the data and
confuse interpretations, or, as in the example below, might be hidden within the data,
which could itself point to a single-use strategy.

Barker & Grant’s (1991) ethnographic study of Italian transhumant shepherds reported that
while a flock of milking ewes was maintained, most young lambs, including males, were
fattened for 20-40 days after birth for sale as meat, there being a local demand for young
lamb. This illustrates local conditions, in the form of market forces, influencing kill-off in a
combined meat/milk strategy. Hypothetically, however, a mortality curve derived from the
remains of the killed population would probably be interpreted as following Payne’s ‘milk’
model (1973), since the lambs were killed so young.

The neonate carcase can be put to various practical uses, some or all of which could have
motivated the act of slaughter, such as in the production of vellum, veal or rennet
(Mulville, 1999: 271). The former would probably only have applied in literate societies,
such as monastic settlements, but ‘staggering bob’, a veal dish from calves that could only
stagger, was a mediaeval Irish delicacy (Lucas, 1989: 225). The use of a calf’s stomach to
contain milk, catalysing curdling under the influence of rennet, may have been a stage in
cheese production (Ryder, 1981: 196). Calf-skin clothing is another possibility, particularly
thin, flexible undergarments (Ryder, 1981: 198). These strategies for utilisation of the
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neonate carcase do not preclude the primary instigation of slaughter to maximise milk
production; they may represent the pragmatic disposal of an otherwise wasted resource. As
such, however, they could also represent the fate of an animal that died through ‘natural’
mortality.

Recent discussion of palaeoeconomic inferences based on mortality profiles have focussed
on Payne’s dairying model. Unusually high recovery of bovine neonate material,
particularly in North Atlantic contexts, has led some scholars (for example McCormick
1998; Entwhistle & Grant 1989) to question the reflex application of the hypothesis that
these were unwanted male animals slaughtered immediately after birth to facilitate the
maximum milk supply for human consumption. The Scottish North Atlantic area has
attracted controversy through recent diverse reinterpretations of this phenomenon, since, in
many locations, soil conditions have permitted good survival of bone. High proportions of
neonate calf bone have been demonstrated in assemblages from the Neolithic, such as Knap
of Howar (Noddle, 1983: 99), the Iron Age, at Dun Vulan (Mulville, 1999: 271) and Howe
(Ballin Smith, 1994: 144), through to the Viking early medieval period such as at
Buckquoy (Noddle, 1976/1977: 204). The same paradigm has also been derived from
Norse sites in Iceland (Amorosi, 1992: 123-124) and Greenland (McGovern, 1992: 200201).

McCormick (1998: 51) offered a counter to Payne’s paradigms in his interpretation of the
Scottish neonate kill-off patterns. In his model, in late winter and early spring calvings, a
lack of fodder, due to seasonality and the marginal nature of the northerly coastal
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environments, meant that in straitened circumstances the dam was more valuable than the
calf, and the latter was slaughtered to keep the cow alive, as suckling would be at the
expense of the mother, and, when weaned, the calf would compete for the scanty stored
fodder. McCormick quoted ethnographic sources from 18th century Scotland, of cows
having to be carried out to grassland after overwintering in the byre, because they were so
weak from lack of food (1998: 50). In mediaeval Germany the expression schwanzvieh
(tail-cattle) was used for such weak animals which had to be pulled up by the tail and
driven outside (Zimmermann, 1999: 313). Alternatively, calf death at or after birth through
lack of maternal sustenance or from exposure, would have made slaughtering the calf to
save the dam unnecessary. Serjeantson et al., discussing the multi-period assemblage at
Kilellan, Islay (2005: 166), equivocated between this view of McCormick and the
interpretation of Payne’s ‘milk’ model (1973) whereby an elevated proportion of neonate
material in mortality profiles is ascribed to anthropogenic slaughter, particularly of bull
calves, to maximise milk for human consumption, as championed by Legge (for example
1981a: 172, 1981b: 86-87, 1989: 226-227, 2005: 12). Some authors hold to this idea, and
have no problem with cattle from Neolithic times letting down their milk without the
presence of the calf, citing written sources describing dummy calves, animal and even
human substitutes, charms, songs, divine intervention, titillation of the cow’s genitals and
so on in cases of difficulty as described by Lucas (1989: 45-58) and Amoroso & Jewell
(1963).

Other authors have shown varying degrees of reluctance in accepting this concept.
Entwhistle and Grant (1989: 206) doubted that ‘primitive’ cattle would have released their
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milk without the presence of the calf, and that the continuing presence of the calf was
necessary to maintain and extend the lactation. Noddle, in a review (1989: 36), cited the
fact that present-day Zebu cattle still require the presence of the calf to effect let-down.
However, in another ethnographic study of herders in 1940s and 1950s northern Greece,
using ‘unimproved’ local breeds of cattle, Halstead (1998: 6) was able to specify the
minimum period a calf had to be kept in the presence of its dam in order to promote milk
let-down, before the cow was considered sufficiently conditioned to allow removal of the
calf without endangering the lactation. This study will be revisited in later methodological
chapters. Ethnographic models such as these must be viewed with caution, however, since
modern influences, such as bovine genetic variation and changes in husbandry practices,
may create circumstances that do not correlate with those of the past. However, it is
difficult to conceive of any other source of evidence that would indicate the inception of
milk let-down in antiquity, other than that of calf slaughter, as already described (Payne
1973).

In a review of dairying in early Christian Ireland, McCormick (1992), disputed the
paradigm that the early slaughter of calves indicated dairying. Using literary and
archaeological evidence, he showed that, during this period, the presence of the calf was
essential to promote milk let-down, a thesis supported by the relative scarcity of bones
from calves of less than six months of age from sites where the practice of dairying was
recorded in monastic- and law-texts. In a discussion in 8th century Irish law codes, a cow
was expected to produce 12 inches of milk in the pail from three of her teats; the remaining
quarter was for the calf (Kelly, 2000: 41). It was a ‘wonder of Ireland’ (Lucas, 1989: 53), if
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a newly-calved cow could be induced to give up her milk without her live calf.

A counter-argument which could reconcile these two factions was cited by Clancy (1999)
who agreed that, in Celtic Ireland, the presence of the calf was essential to promote letdown, but that it need not necessarily be the cow’s own offspring. This allowed the
slaughter of unwanted bull calves at birth to maximise milk for human use, with only a few
males retained as bulls or oxen. This seems to run counter to ethnographic evidence from
the same country of dead-calf-skinning for masking substitutes mentioned above, however.

Vigne & Helmer, in their study of Neolithic dairying, stated unequivocally that, in cattle,
the calf’s presence is necessary to release milk; hence offspring retention until weaning was
necessary in order for herders to share the milk harvest (2007: 26). They cited Balasse’s
review (2003) of ovicaprine and bovine udder physiology to differentiate possible
husbandry practices between species (this topic will be discussed in more detail in section
6.2.1). Vigne & Helmer proposed a different mortality model to reflect cattle-dairying,
where there are peaks of mortality at 5-9 months, representing post-lactational slaughter of
calves, together with another peak at 4-8 years representing spent or worn-out cows. They
demonstrated this paradigm in cattle bone assemblages from numerous European and
Mediterranean Early and Middle Neolithic sites (2007: 29). They explained peaks of
neonate mortality as ‘natural birth mortality’, husbandry difficulties, or slaughter for ritual
consumption of newborn calves. Less convincingly, (unspecified) ‘special technical
practices’ no longer in use (perhaps ‘cow blowing, dummy calves etc.), were suggested to
have been utilised Neolithic herders to promote let-down (2007: 32).
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Despite this evidence to the contrary, archaeozoologists sometimes seem reluctant to
disavow Payne’s ‘milk’ model for cattle, which is often utilised in site reports, sometimes
without proviso. The temptation automatically to adopt economic models can be a common
failing in archaeology (Smith, 2001: 283) as it usually gives a satisfyingly clear-cut
interpretation. Among the reports on sites covered by this study, a milking exploitation
strategy was interpreted from the cattle mortality profiles from both Pool (Serjeantson &
Bond 2007a: 224-225) and Tofts Ness (Serjeantson & Bond 2007b: 205-206); detailed
discussions in each case, however, were used to justify this.

There are detractors to the ‘milk model’ among Scottish site reports: at Howe, another
study site, high infant mortality was ascribed to poor husbandry or early slaughter for pliant
skins (Smith 1994: 148, 151). At the multi-period site at Skaill, Deerness, Orkney, neonatal
losses in cattle were particularly high in both the Iron Age (44%) and Viking (47%) phases.
Noddle (1997: 236) did not interpret this as indicative of dairying, however, she assumed
an environmental cause, perhaps disease. Her general impression was that animals were
kept for meat.

Methodological criticisms have also been raised, such as a potential for biased recovery
due to taphonomic processes like carnivore destruction, or the sampling of an area used
specifically for neonate disposal (Halstead, 1998: 5), which could also distort the
interpretation. The assumption that the bones recovered from a site are an accurate
representation of the age-composition of the live flock or herd, may also be disputable.
Grazing may have taken place distant from the site and individuals fallen prey to predators
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or disease, leaving no trace in the site assemblage (Grant, 1984b: 508). The sheer numbers
of excavations reporting the infant death pattern predicates against this, however, together
with differential recovery due to the relative delicacy and size of neonate bones against
robust adult bones being more likely to count against the former rather than the latter
(Smith, 1994: 144). Diachronic change in subsistence strategy or, as mentioned above, the
adoption of a dual economy could, however, produce a composite result, with one kill-off
pattern superimposed upon another.

A recent publication (Marom & Bar-Oz 2009), using empirical data of age-at-death
distributions of sheep and goats using tooth-wear analysis from ethnographically-based
studies of 7 models of herd maintenance strategy, suggests that survivorship curves based
on these data cannot be used statistically to distinguish between many of these models.
These authors suggest the incorporation of sex ratios, based on analysis of the distal
metapodials and distal humerus (which also allow differentiation of the taxa) with age-atdeath analysis based on only 3 age classes: very immature (up to 1 year); subadult (1-3
years); and adult (over 3 years). Wool/traction would be indicated by more ‘adult’
specimens; milk by a preponderance of ‘very immature’, and meat exploitation would be
indicated by a fairly balanced count between all 3 categories. Sex ratios indicating a bias
towards male death in the ‘very immature’ category would then reinforce a milking
diagnosis (2009: 1186-1187)

Perhaps the most pertinent comment on the use of Payne’s models (1973) was published by
Halstead. Writing of an age-at-death population interpretation characteristic of the ‘meat’
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model in ovine pastoralism from Neolithic Thessaly, he stated: “This does not mean that
meat only was produced, but that husbandry came nearer to optimising potential for meat
than for milk (or wool or traction)” (1989: 29). A variation of this proviso should be
repeated whenever an animal exploitation interpretation is made.

Disease is a factor that is usually referred to in the literature quoted above as a component
of ‘natural’ mortality, when mentioned at all (for example, Halstead, 1998: 12; Noddle
1997: 236). Modern specific diseases are never mentioned, inevitably, as most were only
recognised in the 19th century or later, although it is almost certain that they, or their
ancient correlates, were prevalent; historiographic sources describe specific pathologies
which can be ascribed to specific current infections with some certainty (Kelly, 2000: 192215). The putative inference of a specific neonate disease without palaeopathological
evidence in an assemblage could depend upon accuracy in the age-at-death analysis, since
different pathogens challenge the calf at different ages. It would be very difficult to
differentiate ‘natural’ death by disease from slaughter; inference of an aborted calf,
however, would be almost pathognomonic for disease, either infective or nutritional, since
it is difficult to visualise an anthropogenic cause for abortion apart from, possibly, the
slaughter of a pregnant cow. Unless unintentional, this seems an unlikely event except
perhaps where the human, or animal, population was in nutritional extremis. There could
be a ‘ritual’ significance to the slaughter of an in-calf cow, however: the chambered cairn
at Quanterness, Orkney, was found to contain, among the bones of adults of many species,
including human, the bones of very young, possibly foetal, calves (Davidson & Henshall
1989: 59). Again, it is unlikely that these were anthropogenically aborted; as Grant

31
suggests, apparent ritual sacrifice may in fact have been the pragmatic disposal of animals
and material of little use to the community (Grant 1984a: 225-226). A spontaneously
aborted foetus would be a good example of this.

The differential fates of lambs and calves are often used to justify explanations of early calf
attrition. Environmental impact might be expected to apply to the two species equally,
providing there was no human intervention for one species but not the other, such as winter
cow housing or lambing sheds. Different physiological factors apply: the greater size of the
adult bovine enables it better to maintain its body temperature in a cold climate, while the
better insulated water-repellent fleece of the ovine may have a similar effect. These factors
may have a noticeable effect on temperature tolerance in neonate and young animals
(Webster 1983: 662; table 16.6; 664) (table 2.1).

Table 2.1: The lower critical temperature of lambs and calves (housed, dry, still air)
(from Webster 1983: 662; table 16.6; 664; table 16.7).
Species/age group
Lamb, newborn
Lamb, 1-month-old
Lamb, fat

Lower critical temperature (ºC)
+ 28
+ 10
- 15

Calf, newborn
Calf, 1-month-old
Calf, veal

+9
0
- 14

An animal’s lower critical temperature is the lowest environmental temperature that will
support normal body function. If the body temperature falls below the lower critical
temperature it must increase its own heat production, putting energy towards generating
heat that it would normally put towards growth. In comparison to the calf, the newborn
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lamb is disadvantaged by its small size, thin body and therefore large surface area relative
to mass. This is reflected in the different lower critical temperatures for the two species at
birth. The coat of the newborn of either species is wet, so lacking in insulation. Unless this
is quickly dried by maternal licking, the animal has to generate the necessary heat to
maintain its core temperature by a combination of shivering and thermogenesis, using
energy reserves such as glycogen and brown fat, and by oxidising its first meal of
colostrum (Currie 1992: 322). Once the newborn is licked dry, so that the coat can perform
its insulating function, and fed on warm colostrum, lower temperature tolerance begins to
increase.

This critical temperature advantage of the calf over the lamb persists at 1 month of age,
probably due to the size differential, until both species mature to the veal calf and fat lamb
stage, where, presumably, the developed fleece in the lamb provides sufficient insulation
for it to survive low temperatures. Hence, in archaeological contexts, it might be expected
that in extreme conditions of wind and rain, such as might exist in Orkney in late winter
and early spring, more neonate lambs than calves would succumb to this cause of death.

At Dun Vulan, a Pictish and Viking site, the peak of sheep mortality, at 6-12 months, was
later than that of cattle, at less than 1 month (Mulville, 1999, 246, 250). At Tofts Ness, one
of the sites featured in this study, the majority of sheep mandibles found in each phase were
at stage ‘C’, 6-12 months old; throughout the phases, a single lamb at stage ‘A’, less than 1
month of age, was found, from a total assemblage of 151 animals (0.66%). In the bovine
assemblages 14 calves aged less than 1 month were found from a total of 55 animals
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(25.45%) (Serjeantson & Bond 2007b: 204-205). A similar pattern applied to the other
Sanday site in this study, Pool, where the majority of sheep deaths over all phases were
again at the 6-12 month stage, while deaths of neonates were 4 out of a total of 258, or
1.03%. For cattle, neonate animals were again the peak age for deaths in most phases,
represented by 78 out of a total of 161 (48.45%) (Serjeantson & Bond 2007a: 223). At
another study site, Howe, on Mainland, throughout all phases, based on mandible toothwear examination, 11.4% of sheep were in the neonate category ‘A’, while the
corresponding figure for cattle was 38.6% (Ballin Smith 1994: microfiche 1:D5: table
19mf; microfiche 1:D10: table 24mf).

At the Neolithic Knap of Howar, 50% of cattle mandibles were neonates or weanlings,
while 25% of sheep fell into this category (Noddle, 1983: 94). At Buckquoy, another
Pictish and Viking age site, around 50% of cattle and 40% of sheep deaths were newborn,
weanlings or juvenile (Noddle, 1976/77: 204). Finally, at Skaill, Deerness, over the Late
Bronze Age, Iron Age and Viking periods, neonates represented 41.8% of the total bovine
deaths, while ovine neonates were 16.6% (Noddle 1997: 238).

Given the discussion above about temperature tolerance in newborn lambs, some of these
figures, particularly those from Tofts Ness and Pool, are difficult to credit; lambs have the
highest post-natal mortality of all the main domesticate species (Boden 2001: 467), and
even given lambing in spring, an unexpected cold, wet or windy ‘snap’ can occur. The
ovine neonatal attrition rates of 0.66% and 1.03% quoted above for Toft’s Ness and Pool
respectively (Serjeantson & Bond 2007b: 204-205; 2007a: 223) appear to be excessively
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low, even with breeds acclimatised to the environmental conditions commonly encountered
in the Northern Isles. Perhaps in the case of some excavations lambing routinely took place
distant from the settlement area; hence it is possible that a proportion of the neonatal deaths
that occurred may remain unexcavated (Halstead 1998: 13-15).

However, there still seems to have been an overall bias towards neonate bovines when
compared to ovines on the Orkney study sites; given that milking in some form was
probably taking place in the cattle herd, some extra factor, perhaps anthropogenic
slaughter, disease, or inadequacies in animal husbandry, or a combination of these factors,
must have been operating.

2.3: Alternative evidence for milking/dairying
Evidence for secondary products strategies have traditionally relied on mortality profiles
based on osteological analyses, as discussed above. This methodology only indicates the
potential for the strategy, however. Other bioarchaeological methods have been developed
to aid the identification of past practices, milking in particular, that may allow more direct
inferences. Some commonly used techniques that have been developed in an attempt to
provide confirmatory evidence for the early adoption of milking techniques will be briefly
described here, and their relevance discussed. These include investigations into changes in
metapodial bone mass, the presence of milk residues in pottery, methodologies involving
isotopic analysis, the phenomenon of human lactose malabsorption, and the recovery of
material culture objects whose use in milking or dairying has tentatively been inferred.
Ethnographic and historiographic evidence for dairying will also be presented.
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2.3.1: Evidence for milking: historiography
Apart from classical texts, early surviving written fragments relating to dairying tend to be
associated with monasticism and the law, particularly from Ireland. Irish 7th, 8th & 9th
century law texts provide a broad insight into early Irish society, including many references
to agricultural practices, mainly in terms of contracts, theft, injury, distraint and legal
procedures (Kelly 2000). It is clear from these that milking for human consumption was
practiced widely in Ireland, and the sources can be used to infer husbandry practices, such
as that milking took place in the early morning and evening, the cow was hobbled with a
rope spancel, and that in summer cows were sometimes milked away from the farm, at
summer-grazings. Milk was collected in a wooden pail; legal references imply that this was
of a standard height of around 12 inches (Kelly 2000: 40-41), hence this defines the volume
of milk expected during milking, and the possible use of such an object if found in context;
for example, the bucket recovered from Balinderry crannog described and illustrated below
in section 2.3.2 (figure 2.7). A 9th century text refers to a cow with constant milk for a
year; this would have been a milking cow which failed to come into calf or was not put to
the bull (Kelly 2000: 41). This shows that dairy husbandry was sufficiently advanced to
enable an extended lactation, since such an animal would have required extra care and
nutrition.

References to dairying in a monastic context can be obtained from extracts from the
hagiography of St. Columba, who lived in the later 6th century on Iona, in the Western
Isles. One anecdote discusses the saint expelling a demon from a milk-pail, which implies
that monastic milk-containers were blessed with the sign of the cross as part of the cleaning
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process. Another describes how, when Columba was ‘wearied with age’, a white horse
came and rested his head against the saint. This horse had been used to carry the milkvessels between the byre and the monastery (Anderson (1922) 1990: 110).

Irish historiography can also be used to elucidate the sometimes extreme lengths that past
dairymen were prepared to go to provoke the milk ejection reflex in their cattle. Some of
these were mentioned earlier in section 2.2.1. The variety and quantity of these reports
indicates the diverse extent of human ingenuity in persuading and conditioning a
recalcitrant cow to give all her milk without difficulty. In 1662, dummy calves were
mentioned by the Speaker of the Irish House of Commons:

“Sir, in the North of Ireland, the Irish have a custom in the winter, when milk is scarce, to
kill the calf and reserve the skin, stuffing it with straw...and the cow will be as fond of this
as she was of the living calf, and she will…give her milk down” (Lucas, 1989: 53).

The probable implication here was that the calf was normally retained throughout the
lactation, and was probably present at milking as shown in figure 2.6.
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Figure 2.6: Medieval Dairymaid: the presence of the calf engages the milk-ejection reflex allowing access to
alveolar milk. Note the stave-built bucket with single extended stave as a handle (see section 4.4.6) (Hassall,
1962: 1; Bestiary 12th-13th century, Bodleian MS. 764 f41v).

It would perhaps be a mistake, however, to infer from these various practices to provoke
let-down that they always followed the deliberate early slaughter of an unwanted, possibly
male, calf. Abortion, stillbirth, or neonatal death of the calf through disease or
mismanagement would have left the dam with no offspring to feed; such mothers would
have inevitably ‘dried-up’ until the successful conclusion of a subsequent pregnancy,
leaving the herdsman a year or more with neither a calf to fatten nor milk to harvest, so any
method to promote the latter would be worth trying.

2.3.2: Evidence for milking: material culture
Barker (2006: 76) has suggested the following material culture items as possible early
dairying tools: buckets, ladles, sieves and butter churns Unfortunately, such items were
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probably usually made of wood; hence their survival has only occurred in exceptional
circumstances, for example in waterlogged contexts such as peat bogs, or from excavations
of crannog sites in Scotland and Ireland. Although buckets and ladles are multifunctional
implements, and finding them is probably not diagnostic of dairying, buckets about 12
inches (roughly 30 centimetres) tall, as discussed above, were commonly used as milking
pails, so an item such as the stave-built bucket from Balinderry Crannog (figure 2.7)
(Earwood 1993: 90), could well have been used for this purpose, being of the specified
height and having two extended staves with holes for a handle, which could then be
attached to a yoke. Staves were cut radially from mature trees, usually oak, roughed out
and left to season. The manufacture of a water-tight vessel was a highly skilled task, using
metal hoops to secure a circle of staves.

Figure 2.7: Stave-built bucket from Ballinderry Crannog (Earwood 1993: 81; fig. 51).

Wooden butter-making equipment in the form of putative churn lids and dasher has been
identified from an Iron Age context at Buiston Crannog, Strathclyde (Crone 2000: 116-
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117) (figure 2.8). Charcoal from a hearth at this crannog produced a radiocarbon date of
310 ± 50 AD (Crone 1991: 295).

Figure 2.8: Plunge-churn lid (left) and churn dasher (right) from Buiston Crannog, Ayrshire (Crone 2000:
116-117; figures 95 & 96).

Storage of butter in bogs has been inferred by the recovery of containers in various forms,
such as carved wooden kegs and tubs, dishes, bowls and stave-built containers (Earwood
1993: 12). Wooden kegs from Morvern, Argyllshire (figure 2.9) and Kyleakin, Skye, have
been radiocarbon dated to the mid-second to the mid-fourth centuries AD (Earwood 1991).
In the case of the Kyleakin keg, dating was performed on remaining butter within the
churn. Surviving butter has been found to lack salt as a preservative; hence the anaerobic
environment of peat bogs, together with their relatively low constant temperature, may be a
motivating factor towards storing butter in this way (Earwood 1991: 238).
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Figure 2.9: Carved butter keg, Morvern, Scotland, (AD 140-247) showing dowel-pegged construction
(Earwood 1991: 232).

Other types of wooden vessel that have been recovered from a waterlogged contexts which
might be used to infer dairying include a putative perforated ‘butter-dish’, from which
more butter remains were recovered from Oakbank Crannog on Loch Tay, (Dixon, 2004:
150). It is, however, suggested that this artefact may have served as a strainer for use in
cheese-making. Another possible use might have been as a cream-skimmer. Hot stones
(‘klibbie stanes’) used to aid separation of fat from buttermilk may also be present in
dairying contexts, but are probably too unremarkable to be recognised (Challinor, 2004:
167).
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Bogucki’s LBK ceramic sieves have already been discussed and illustrated (Bogucki
1984a: 55; 1984b) (section 2.1; figure 2.1). McCormick (1992: 205) has pointed out,
however, that such perforated ceramic devices may have functions other than in
cheesemaking; moreover, ceramic strainers are not in fact necessary in cheesemaking;
wooden or fibre-formed correlates would have been just as effective.

2.3.3: Evidence for milking: changes in metapodial bone mass
Pregnancy and lactation make heavy demands on maternal serum calcium levels, and, in
times of nutritional insufficiency, this may result in depletion of bone. Data from a recent
study of Soay sheep where cortical thickness of metapodials was measured using
radiography, were used for comparison with a similar study of sheep and goat metapodials
from Neolithic and Bronze Age contexts at Jericho, to determine if intensive milking
depleted calcium and hence bone thickness (Horwitz & Smith, 1991). The combined
cortical thickness (CCT) for each bone was derived by subtracting the medullary cavity
width (MCW) from the minimal shaft width (MSW). Bone from male animals would not
be expected to show calcium depletion due to milking, although dietary deficiency might
be expected to induce a reduction in both male and female CCT. However, the Soay study
showed that although in optimal nutritional conditions there was no difference between
male and female CCT, in conditions of nutritional stress, the female showed a significant
reduction, while males showed little change.

Studies of the Jericho material showed that mean CCT reduced only slightly between the
Neolithic and Early Bronze Age, but between the latter and the Middle Bronze Age, there
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was a significant reduction in CCT, and also in MSW, while bone shaft lengths remained
similar. This indicates a significant reduction in bone mass, which was interpreted as
indicating increasing nutritional stress, specifically, calcium deficiency, possibly reflecting
a change in husbandry to intensive milking. However, this inference is not clear-cut, as
such factors as depleted nutrition or parasitic infestation might also have been involved in
the reduction of bone mass.

2.3.4: Evidence for milking: bone histomorphometry
Quantitative bone histomorphometry has been used to assess the degree to which calcium is
mobilised by increased bone remodelling during lactation (Chamberlain & Forbes 2005).
Using thin sections of the femora of modern cattle, microscopic analysis was used to
estimate the degree of proliferation of small osteons of less than 100μm diameter. Their
presence can indicate the early stages of bone remodelling. This technique was used in an
attempt to differentiate between animals with artificially extended lactation periods from
animals with lactations of a natural length, correlating with modern dairy and beef
exploitation.

Bone remodelling initiates calcium release, where co-ordinated activity by osteoblasts and
osteoclasts remodel at the endosteal or periosteal bone surfaces, or by resorbing a column
of existing cortical bone tissue, then remodelling within the void created by laying down
new bone around a Haversian canal. The forming osteon is a ‘bone remodelling unit’,
comprising an organised arrangement of osteoblasts and osteoclasts that tunnel within the
cortical bone (figure 2.10). A profusion of osteons of reduced diameter may indicate rapid
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bone turnover where calcium mobilisation is at a maximum, which might indicate an
extended lactation consistent with dairying.

Figure 2.10: Simplified diagram of a forming osteon, or bone remodelling unit (Chamberlain & Forbes 2005:
45; fig.1).

50 osteons per section were measured, disregarding those that were not perpendicular to the
plane of the bone section. The modal osteon diameter was found to be much narrower in
female dairy animals (mean value 136μm; modal size category 100-150μm) compared to
male and beef animals (mean value 203μm; modal size category 150-250μm). There was
also a proliferation of small diameter osteons (>100μm) in the dairy animals. Sections from
archaeological material were also examined, and similar distributions of osteon diameters
seen, which might represent dairy and beef exploitation patterns (Chamberlain & Forbes
2005: 46-48). However, this technique, though encouraging in its apparent differentiation
of dairy animals, is destructive, and at an early stage of development. There are also many
other factors might affect osteon size and bone turnover, such as age, sex, breed, castration
status, nutrition and environmental conditions, together with animal activity levels
(Mainland et al. 2007). Unless factors such as these can be eliminated or reasonably
accounted for, the use of this technique in the diagnosis of past dairying must be tentative,
although it could be of value as supporting evidence.
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2.3.5: Evidence for milking: isotopic analysis
The term ‘isotopic analysis’, embraces a group of techniques used to detect the ratio of
different isotopes of an element, such as oxygen or nitrogen, within a substrate, such as
bone collagen or tooth enamel. These ratios can then be compared with those from various
samples of another substrate, for example ground water, in order to detect a possible
location of origin for the individual. A typical example of the many uses of isotopic
analysis is given below.

The slaughter of calves around the time of weaning, a ‘post-lactational peak’ has been
taken to indicate milking in the Neolithic. Early weaning maximises the availability of milk
for human utilisation, since the calf ceases to be in competition for it. It also represents an
alternative to neonate slaughter. Isotopic analysis for nitrogen isotopes in collagen was
performed on Neolithic cattle mandibles from Bercy, Paris, in an attempt to determine if
the animals’ diet was herbivorous or milky (Balasse et al., 1997, Balasse & Tresset 2002).
Dentine collagen was sampled from upper and lower parts of the second permanent molar.
Since dentine is not renewed, it forms a permanent record of dietary composition at the
time of its formation. Changing patterns of diet are hence reflected in changes in dentine
composition. The relationship between nitrogen-isotope values from the upper part of the
tooth, conforming to a pre-weaning milky diet, and those from the lower part where a
herbivorous diet would be expected to supervene, have been shown to relate to the age at
which the animal was weaned. These animals were shown to have been weaned at between
6 and 12 months of age. Mortality profiles derived from tooth wear analysis showed a
similar pattern of slaughter, indicating that the animals were slaughtered at or around the
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age of weaning, conforming to the post-lactational peak paradigm. Exploitation of milk
after early weaning is, however, dependent on continuing let-down in the absence of the
calf; in the wild, cattle might be expected to dry off in preparation for a new pregnancy
after calves are weaned, so interpretations of post-weaning milking for human consumption
using this technique are based on the assumption that lactation can be artificially extended.

2.3.6: Evidence for milking: lipid and protein residues in ceramics
The past use of unglazed ceramic vessels has sometimes allowed the survival of traces of
biomolecules as surface residues on potsherds from archaeological contexts. This has
provided a source of material for the investigation of the use of the original vessel in the
processing of foods, in particular the lipid and protein biomolecules associated with milk
and milk processing. Techniques used involve the analysis of residues by gas
chromatography and mass spectrometry (GCMS). It has proved difficult, however, to
differentiate those molecules that are unambiguously dairy in origin from those associated
with meat fats (Challinor, 2004: 168-9), due to the tendency of fat to become rancid,
through the biochemical degradation of component molecules.

Encouraging results have come from the use of a methodology designed to detect animal
protein in the form of α-casein adsorbed onto ceramic material. This technique involves
digestion of the surface of the potsherd using hydrofluoric acid and hence recovery of its
adsorbed content followed by the use of a monoclonal antibody to detect species-specific
protein. This technique, ‘digestion and capture immunoassay’ (DACIA) has been used to
detect cattle α-casein and hence milk in potsherds from an early Iron Age house at Cladh
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Hallan in South Uist. This site conformed to the Scottish Atlantic paradigm in that 42% of
the cattle bone assemblage was from neonates (Craig et al. 2000: 312). The DACIA
technique has the dual advantage over lipid assays in that the target molecule is both
product- and species-specific (Craig, 2003: 94).

In studies of a series of potsherds from two Early Neolithic sites in the Carpathian basin,
Craig et al. (2005) were able to demonstrate the presence of mid-chain ketones, which are
lipid pyrolysis products, suggesting that milk was heated. This has important implications,
indicating a potential conception of milk spoilage and the possible creation of milk
products such as cheese.

Lipid analysis of extracts from 958 potsherds from 14 British prehistoric sites, using gas
chromatography-combustion-isotope ratio mass spectrometry, allowed differentiation of
ruminant adipose fats from ruminant dairy fats (Copley et al. 2003). This enabled the
diagnosis of dairying at all the source sites, which spanned the Neolithic, Bronze and Iron
Ages. Results from the Neolithic sites indicated that dairying was probably well developed
when farming was introduced into Britain in the 5th millennium BC.

More recently, lipid analysis of potsherds from the Botai Culture of Kazakhstan has
contributed to evidence of harnessing and selective breeding indicating that horse
domestication existed in Asia around 5000 years ago; 1000 years earlier than was thought
previously. Horses were used for riding and to provide meat and milk (Outram et al. 2009).
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2.3.7: Evidence for milking: Lactose intolerance
Lactose is a complex disaccharide comprising linked molecules of the simpler
monosaccharides glucose and galactose (figure 2.11).

Figure 2.11: Lactose, molecular structure (O’Connor 1995: section 4.3.3).

Mammalian dietary lactose is derived almost entirely from milk and milk products. Infants
and young children can digest lactose by virtue of the production of lactase, which splits it
into its readily-digestible components. In most adults, however, the ability to synthesise
this enzyme is lost, and they become lactose malabsorbers (LM). LM individuals who
display clinical symptoms after inadvertently consuming milk are said to be lactose
intolerant (LI) (Patterson 2000: 1057). LI symptoms result from the unhydrolysed
disaccharide remaining in the intestinal lumen, and subsequently arriving in the colon,
where resident facultative bacteria split the lactose into small-chain fatty acids, which may
be absorbed and metabolised by intestinal cells. However, gaseous by-products of bacterial
action (usually involving coliforms), comprising carbon dioxide, hydrogen and methane,
will combine to promote bloating and nausea. Abundance of the small-chain fatty acid
molecules may draw water into the intestine by osmotic pressure, which can result in
dehydration and diarrhoea (figure 2.12).
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Figure 2.12: The processes of lactose absorption and malabsorption in an idealised gut. Panel A shows lactose
absorption, being split into glucose and galactose, then absorbed into the bloodstream, while panel B shows
malabsoption, with some lactose being split in the small intestine, but with the majority passing to the colon,
where coliforms break it down into short chain fatty acids, resulting in water diffusion, and CO2 production
(Durham 1991: 231; fig. 5.2).

However, individuals possessing a commensal bacterial flora that can digest lactose more
efficiently, producing longer, branched-chain iso-fatty acids, such as Bacteroides species,
may be spared these distressing symptoms, hence becoming LM but not LI. LM is the
normal condition for all adult mammals, suggesting that human adult-retained lactose
tolerance may be an evolutionary innovation (Patterson 2000: 1057-1058). There has been
much controversy surrounding the mechanism for the acquisition of continued lactose
absorption (LA); recent research, discussed below, has concentrated on environmental and
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genetic causes. In the 1970s, however, a number of hypotheses were advanced for this
variation in digestive physiology (Durham 1991: 237-238):

1. Diseases such as dysentery may have damaged the intestinal mucosa among LM
groups.
2. Some component of the diet in LM populations, such as betel nut, could have
interfered with lactase production.
3. Continued milk consumption after weaning, which may be a cultural factor in
some societies, might have induced LA activity.
4. LM (or continuing LA) may be a genetic factor.

Following research, the first three of these theories remain unproven, while the last has
gained credence, and LA is now accepted probably to be a dominant trait. In associating
LA with the exploitation of animal milk, possession of the trait would have provided
individuals with an advantage over those with LM, but only in circumstances where milk
was a major dietary constituent, where the population was under dietary stress and subject
to food shortages, and where no processing of milk into low-lactose products, such as
cheese, had taken place. This might be applied particularly to pastoral nomads. In this case,
being LA would have enhanced the prospects for survival and of bearing and supporting
progeny, who would also carry the trait (Durham 1991: 240-241).

The 5000-6000 years that have elapsed since the probable onset of dairying is likely to
have been sufficient for the genetic evolution of the LA trait. Studies of populations for the
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proportion of LA individuals in most cases have shown a marked correlation (at least 60%
LA) with the perceived geographic distribution of early dairying. It is especially prevalent
among populations in northern Europe, whereas Asian and African populations tend not to
have the facility. Australians and North Americans, apart from indigenous populations and
those of Afro-Caribbean origin, also tend to be LAs. Populations of mixed ancestry tend to
have an LA distribution somewhere between their parent populations conforming to that
which might be predicted if LA was a dominant trait. However, there were ‘dairying’
populations recorded in the survey which did not conform to the 60% LA paradigm. Here it
was suggested a cultural solution had been adopted in the past for LM: milk was not drunk
fresh but processed to reduce the lactose content before being consumed. Three techniques
to achieve this were suggested (Durham 1991: 242-245):

1. Fresh-milk lactose can be pre-digested by the deliberate addition of lactic acid
bacteria starter cultures before consumption (as in yoghurt).
2.

Naturally occurring contaminant bacteria may produce the same effect (ripening).
This would particularly apply to tropical climates.

3. Lactose may be physically removed from the milk by allowing it to separate into
curds and whey, then draining off the whey, as in cheese-making.

Circumstances where dairying would have had the effect of favouring individuals with the
LA genotype, closely correlating with the paradigm described by Sherratt in the Neolithic
‘Secondary Products Revolution’ (1981: 276-277), would apply to pioneers driven to
occupy suboptimal habitats by population pressure, whose subsistence strategy was based
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primarily on pastoralism. However, given the availability of milk processing in the
techniques above, LM individuals do not appear to be markedly disadvantaged (Durham
1991: 253). In fact the second method listed requires no human intervention, merely
patience.

In response to this, another theory for the physiological advantage of lactase sufficiency
suggests that individuals who could digest lactose were at an additional nutritional
advantage over LM individuals (Durham 1991: 254-257). Lactose absorption was seen to
be a response to unfavourable environmental conditions in northern climes, where cloud
cover and low sunlight intensity could reduce the body’s ability to synthesise vitamin D,
which is photosynthesised in the skin via solar ultra-violet (UV) radiation. Solar UV was
seen to decline in direct proportion to increasing latitude via low incidence angles. Above
latitude 37º North, winter sunlight is insufficient to enable the body to synthesise any
vitamin D in winter (Gillie 2006: 3). This has particular relevance to this study of Scottish
Northern Isles contexts, where winter day-length is very short, and the cloudy maritime
climate further restricts sun exposure. Vitamin D is integral in calcium-ion absorbance,
hence insufficiency results in a reduced ability to absorb calcium, leading to deficiency
diseases such as childhood rickets and adult osteomalacia. It was suggested that Vitamin D
deficiency was common in early northern Europe, though partially compensated for by a
reduction in skin pigmentation compared to equatorial and sub-equatorial individuals, seen
as a parallel selective adaptation. Lactose consumption facilitates calcium absorption in the
absence of vitamin D in pre-weaning mammals. Animal milk consumption was thus seen to
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enable a prolongation of this process in LA individuals, compensating for low levels of
UV, while providing an addition source of calcium (Durham 1991: 254-257).

Recent work further highlighting the importance of vitamin D has suggested a link between
sun exposure, vitamin D deficiency and Multiple Sclerosis (MS). Reduced exposure to
sunlight in early childhood, resulting in low levels of vitamin D, may prevent normal
development of nervous tissue, leading to full-blown MS in later life. This is particularly
significant in Scotland, as mentioned above, which has probably the highest incidence of
MS in the world (Gillie 2006: 3). Other conditions with a suggested association with
vitamin D deficiency are diabetes type 1 and heart disease; the latter also shows a markedly
increase prevalence in Scotland compared to England (Gillie 2006: 4), although dietary and
other factors may also be involved. Hence diet supplementation with cow’s milk in
antiquity may have been an advantageous survival factor for lactose-absorbing individuals,
particularly in Scottish contexts.

The ‘calcium-absorbance hypothesis’ has been challenged, however, and most of its
arguments apparently refuted, by historical, archaeological and biomedical evidence. LM
individuals were shown to be almost as capable as their LA counterparts in absorbing
calcium from milk, while rickets and osteomalacia can occur in areas with abundant
sunshine and hence UV radiation. Calcium deficiency diseases were not shown to be
prevalent at high latitudes, while osteoarchaeological evidence showed them to be
relatively rare in antiquity; peak values for their frequency tended to coincide with the
Industrial Revolution (Simoons 2001: 397-398), rather than the Secondary Products
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Revolution. Industrialisation, coal smoke, smog, overcrowding in slum dwellings and
malnutrition, which were all manifest in the 18th and 19th centuries in Britain especially,
combined to produce a peak of rickets cases, the distribution of which corresponds with
contemporarily exploited coal measures and concomitant local industries (Simoons 2001:
440).

A further recent study has attempted to define what environmental conditions would have
predicated against successful dairying, in order to produce a global map, which could then
be compared with LM distribution. Two factors were chosen: extremes of climate,
associated with high and low latitudes and temperatures, and the historical occurrence of 9
diseases transmissible from cattle to man (Bloom & Sherman 2005). LM data on 270
indigenous African and Eurasian populations from 39 countries were compiled; persistence
of LM ranged from 100% in Zambia to 2% in Denmark. Findings showed a significant
correlation between LM frequency and mean latitude, mean temperature and the number of
zoonotic cattle diseases endemic in the area (previous to the year 1900), taken from the
following list: Anthrax; Brucellosis; Cholera; Heartwater; Malaria; Rift Valley fever;
Rinderpest; Sleeping sickness; Theileriosis.

In parts of the Middle East and Africa, however, 13 lactose-tolerant populations lived
adjacent to LM counterparts. Bloom and Sherman (2005) considered that these populations
had been nomadic currently or historically, occupying borders between major climatic
zones. Seasonal movement of these peoples coincided with the advance and retreat of the
intertropical wind convergence zone, enabling them to find suitable forage and avoid
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extremes of temperature. Typically small herds and frequent movement would also have
enabled them also to avoid contact with other animals and hence pathogen transmission.
Greenland and northern Siberia were also somewhat anomalous, being areas of high LM, as
these areas are not high-temperature zones, nor are cattle diseases reported there; however,
apart from the Greenland Norse settlement, long abandoned, no cattle and hence no fresh
milk exist there due to unfavourable environmental conditions. The fact that the LM figure
is locally so high (86% in northern Siberia, 87% in Greenland), moreover, indicates that the
LA trait is not random, but probably mediated by the availability and consumption of milk
(Bloom & Sherman 2005: 301.e8-301.e9).

As mentioned, more recently, research has concentrated on the human evolutionary
genetics of lactose digestion, through gene sequence analysis. One Single Nucleotide
Polymorphism (SNP), upstream of the lactase gene, had been suggested to be the cause of
lactase persistence, being present in high frequencies among Europeans (Ettanah et al.
2002). This SNP, C-13910*T, was found to be absent or present at very low levels in early
Neolithic Europeans, which could suggest that dairying was adopted before lactase
persistence became frequent (Burger et al. 2007). However, it was found that this did not
account for the existence of the trait worldwide, as C-13910*T is rare in lactose-tolerant
sub-Saharan African populations. Three further SNPs, also in close proximity to the lactase
gene and present in some lactose-tolerant African populations, have been suggested also to
be functional in lactase persistence (Tishkoff et al. 2007). In a review article, Ingram et al.
(2009) suggest that several independent mutations might therefore have led to this trait.
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Although the mechanism by which the retained ability to digest lactose has been
disseminated through human populations remains a contentious issue, it is indisputable that
possession of the trait is advantageous in societies that practice dairying. It may be that the
ability to digest lactose was an important factor in enabling the agricultural colonisation of
low-sunlight northern climes such as Orkney in the Neolithic, where dietary
supplementation of vitamin D, through milk-drinking, could have been crucial to the
survival of vulnerable infants and others.

2.4: Chapter summary
Sherratt, in propounding his ‘Secondary Products Revolution’ (1981, 1983) highlighted the
importance of milking, among other factors, in the general transformation of most human
survival strategies from ‘hunting and gathering’ towards ‘farming’, at some period in the
past. As described, dating of the periodicity of the dairying and other elements of this
transformation is constantly being amended, through the use of developing techniques (for
example, Outram et al. 2009), some of which have been briefly discussed in this chapter. In
the context of the present study, further information about the survivorship of very young
and foetal calves, such as that produced by the more precise ageing method described in
this study, would be of help in elucidating topics such as husbandry practices and putative
disease status, which might enable a firmer diagnosis of dairying.
.
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CHAPTER 3: AGEING TECHNIQUES
3.0: Introduction
An estimation of the age at death of individuals in an animal bone assemblage is of great
value to the zooarchaeologist, particularly when attempting to infer human hunting and
animal exploitation strategies. This study seeks to differentiate between calves deliberately
killed to promote milk harvest for human consumption in cattle dairying, from those that
died as a result of natural attrition. An ethnographic study of recent Greek herding with
unimproved cattle has shown that, in second- and subsequent calvings, the newborn calf
needs to survive for at least 10-15 days in order for the maternal lactation to become
established (for first-calvings around 40 days survival is necessary) (Halstead 1998: 6).
Hence an accurate estimation of age around the point of birth would be valuable in
distinguishing foetuses, stillbirths, and calves that survived into the first week or so of life
from those that could have been culled. This chapter forms a critical review of some of the
different techniques that are available for early age diagnosis using animal bone
assemblages. Each will be discussed on its merits for differentiating the age-groups
mentioned above.

Apart from the study of epiphyseal fusion in the post-cranial skeleton (section 3.1), and
metrical analysis of foetal bone elements (section 3.2), the methodologies described and
critiqued here are all based on the analysis of teeth. Observations on human children and
other mammals show that, particularly for the deciduous dentition, teeth erupt, develop,
wear and are shed within reasonably predictable time-frames (O’Connor 2000: 83). The
dental methodologies described in this section are based on observations of one or other of
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these processes.

All these methodologies are dependent for age calibration on observations made on modern
(or 19th century) stock, which must be taken into consideration when diagnosing ages in
archaeological material. Variations in ancient animals of such factors as, for example,
genetic make-up and nutrition, may have had some influence on the timing of the
developmental sequences described.

3.1: Epiphyseal fusion
Before maturity, the limb bones of mammals have multiple centres of ossification:
typically, the long bones, such as the humerus, have the bone shaft, or diaphysis, and the
proximal and distal epiphyses (Schwartz 1995: 15). These are attached via layers of
cartilage, and allow the bone to grow in length by new bone formation at either side of each
epiphysis. Ultimately, at maturity, the epiphyses fuse to the diaphysis, not necessarily
simultaneously.

For the immature skeleton, each epiphysis fuses at a different range of ages; this also varies
between species. Studies of contemporary animals, involving either dissection or
radiography, have enabled researchers, notably Silver (1969), who utilised 19th century
datasets among others, to produce data-charts giving age-ranges for the distal and proximal
fusion of commonly recovered limb-bones in the common domesticates (table 3.1). The
recovery of a reasonably intact immature skeleton would enable a zooarchaeologist to
compile data from observations of the fusion state of each element, and combine these
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results to arrive at an approximate age (O’Connor 2000: 93-94).

Table 3.1: Ossification centres and ages of fusion for some post-cranial elements of the bovine (from Silver
1969: 285-286; table A).
BONE
Scapula
Humerus
Radius
Ulna
Metacarpus
1st phalanx
2nd phalanx
3rd phalanx
Pelvis

Femur
Tibia
Fibula
Fibial tarsal (calcaneum)
Metatarsal

OSSIFICATION CENTRE
Bicipital tuberosity
Proximal epiphysis
Distal epiphysis
Proximal epiphysis
Distal epiphysis
Olecranon
Distal end
Proximal epiphysis
Distal epiphysis
Proximal epiphysis
Distal epiphysis
Proximal epiphysis
Distal epiphysis
No true epiphysis
Main bones
Ilium-tuber coxae
Ischium-sciatic tuberosity
Pubis-acetabular bone
Proximal end (2 epiphyses)
Distal end (1 epiphysis)
Proximal epiphysis
Distal epiphysis
Proximal epiphysis
Distal epiphysis
Tuber calcis
Proximal epiphysis
Distal epiphysis

AGE AT FUSION
7-10 months
3½-4 years
12-18 months
12-18 months
3½-4 years
3½-4 years
3½-4 years
Before birth
2-2½ years
1½ years
Before birth
1½ years
Before birth
7-10 months
Fused by 4½ years
Fused by 4½ years
Fused by 4½ years
3½ years
3½-4 years
3½-4 years
2-2½ years
Fuses with tibia 2-3 years
Separate bone
3-3½ years
Before birth
2¼-3 years

Unfortunately, most archaeological domesticate bone assemblages consist of disarticulated
fragments, usually broken, gnawed, or otherwise degraded, especially in the case of mature
long limb bones which may have been deliberately smashed for marrow collection.
Collation of fusion data from commonly recovered epiphyses, such as the bovine distal
metacarpal, will give a ‘percentage fused’ figure which might be translated into a
population percentage older and younger than a particular age-range, depending on the
predicted age at fusion for that particular element. Data from a number of epiphyseal fusion
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loci can then be combined to build a picture of the approximate population age-profile.

These epiphyseal fusion data have been used for determining the age of populations. For
example, for the distal epiphysis of the humerus (fusion in bovines ranges between 12 & 18
months (table 3.1)), if the proportion of specimens in an assemblage found to be fused is
calculated to be, say, 65%, it is then usually inferred that this represents the proportion of
the population that survived to achieve an age greater than 12-18 months.

This interpretation has been shown to be flawed, however (Watson 1978), since fused
specimens could have been aged anything older than 12 months, just as unfused specimens
could be aged anything younger than 18 months. Hence the total percentage fused will be
from animals that died over 12 months of age (in this case 65%), while the percentage
unfused must have been from animals aged under 18 months (35%). Thus the interpretation
of this example has to qualified to state that at least 65% of the population were older than
12 months at death (since an unknown number of unfused specimens were aged between
12 & 18 months), while at least 35% died at under 18 months of age (since an unknown
number of fused specimens were aged between 12 & 18 months). The whole assemblage
could, in fact, have been aged between 12 & 18 months, or 65% could have been older than
18 months, or 35% could have been under 12 months. Only the vaguest of inferences about
the age of the population can hence be made (Watson 1978: 97). Even when inferences
from epiphyseal fusion events involving different elements are combined, only a very
generalised age-pattern emerges.
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To complicate the issue further, certain environmental factors can affect the age of fusion:
castration appears to delay the fusion of epiphyses in sheep (Moran & O’Connor 1994:
274). Under-feeding is also known to affect ages of fusion (O’Connor 2000: 95). Noddle
(1984), in a survey of slaughtered modern cattle, demonstrated some of the differences in
fusion timing between the sexes, including castrates, and between various breeds (nutrition
levels were assumed to be relatively similar between individuals). The epiphyses of
females usually tended to fuse earlier than males, although this is not always the case,
while castrates usually lagged behind the intact sexes. The earlier maturing Hereford and
Aberdeen Angus beef breeds also appeared to fuse earlier than dairy breeds (Noddle 1984:
22-25).

Precise data concerning castration, breed and nutrition are unlikely to be available for an
archaeological animal population, although, as discussed above, castration status and breed
might be inferred using metrical data, while isotopic analysis can be used to assess diet (for
example, Balasse & Tresset 2002). Despite these shortcomings, age-ranges inferred from
epiphyseal fusion data are useful in ageing a population when used in conjunction with
other techniques, such as tooth-wear analysis, especially since with fusion data, age
information might be generated for relatively immature animals; in the case of the
phalanges and metapodia, fusion events precede birth (table 3.1). In the latter case, this
factor may be of use in identifying foetuses and newborn individuals.

Prummel states that bovine metapodia do not have a true proximal epiphysis, since the
articular surface develops from the ossification nucleus of the diaphysis. The distal
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epiphysis begins to ossify at around 200 days after conception, although it does not fuse
until 2-2½ years after birth (table 3.1) (Prummel 1987a: 26; 1987b: 16, 29; figure 9) (figure
3.1).

Figure 3.1: Bovine foetal metacarpals, showing age post-conception in days beneath each. a = cranial aspect
of diaphysis; b = proximal aspect of diaphysis; c = distal aspect of diaphysis; d = cranial aspect of distal
epiphysis; e = distal aspect of distal diaphysis. Scale in centimetres (Prummel 1989: 29, figure 9).

3.1.1: Epiphyseal fusion: discussion
Most fusion events are too imprecisely dated to be of value in ageing very young
individuals. However, the ossification of the metapodial proximal articulation appears to
take place during late pregnancy in the bovine (Prummel 1987b); this factor might be of
use in differentiating early and mid-term foetuses from late foetuses and neonates.
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3.2: Estimation of foetal age by metrical analysis of post-cranial elements
Prummel (1987a, b; 1988; 1989) has produced a series of articles designed to assist in the
identification of foetal skeletal elements in the common domesticates: cattle, horse, sheep,
goat and pig. In an appendix (1989), she quotes equations and tables which can be used to
estimate the post-conception age of foetuses of these species.

For cattle in particular, these formulae were derived for forensic veterinary practice, to be
used in legal disputes concerning the age of death of a foetus born dead from an animal
sold during pregnancy. Regression equations and a concordance table are provided for the
following post-cranial skeletal elements: scapula, humerus, radius, ulna, metacarpus,
femur, tibia and metatarsus. Apart from the scapula, in each case diaphyseal lengths are
measured from the unknown animal, and the figure inserted in the formula or read against
the table to obtain an estimated gestation age in days. For most of the species nominated,
the breed from which the measurements were obtained is given; in the case of cattle, for the
regression formula, cattle of the German Black and White Lowland breed were used, while
for the concordance table, Simmental and Fribourg cattle were used (Prummel 1989).
Breed details could be important in the use of these tables when calculating the ages either
of breeds of differing average dimensions, or of archaeological material of unknown breed
provenance.

3.2.1: Metrical analysis: discussion
The regression equations and concordance tables published by Prummel (1989) could be of
value in determining the age of material from putative foetuses, providing the bone element

63
concerned, for example the metacarpal or metatarsal, was sufficiently intact to allow
accurate measurement. However, consideration must be given to the breeds used in
constructing such formulae, which may dimensionally be dramatically different from
‘unimproved’ archaeological individuals.

3.3: Tooth eruption
Most mammals typically generate two dentitions over time. Some of the teeth of the first
‘deciduous’ dentition are displaced by those of the second ‘permanent’ generation. These
are not shed, but are retained throughout the lifetime of the animal, unless lost through
accident or disease. As with human children, the teeth of young domesticate mammals
appear (erupt), and, in the case of the deciduous dentition, are shed, at reasonably
predictable ages.

Traditionally used by farmers to judge the age of their stock, eruption events for the
domesticate species have been observed, recorded and age-ranges predicted (for example,
Silver 1969: 290-301). Unfortunately, ‘eruption’ can refer to any one of three events:
perforation of the mandibular or maxillary alveolar bone by the emerging tooth; perforation
of the gingival tissue by the tooth and its appearance into the oral cavity in vivo, or
development of the new tooth such that it occludes fully with the opposing mandibular or
maxillary tooth. These events may be separated by a period of months in some species
(O’Connor 2000: 85). Care must therefore be taken in using published data when
diagnosing age by dental eruption events in archaeological material; veterinary literature
will generally refer to tooth eruption through the gum, while archaeological observations
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are almost always, of necessity, based on naked bone. Gingival penetration post-dates
eruption through the jaw-bone, so any diagnosis based on such data will probably give an
age to the individual that is too old. Veterinary data based on radiographic observations,
however, will usually refer to perforation of the bone (for example, Brown et al. 1960: 19;
table 5).

Grant (1982: 95) summarised tooth eruption (per mandible) into 5 sequential stages:
1. Perforation in crypt visible
2. Tooth visible in crypt but below head of bone
3. Tooth erupting through bone
4. Tooth half-erupted
5. Tooth almost at full height but unworn

Tooth eruption events reflect the maturation of the deciduous and permanent dentition. The
mandibular dental arcade for bovines is fully mature by 3½ years of age; since a dairy cow
can survive for up to 10 years these events may be useful in ageing the first third of the life
of such an animal.

3.3.1: Tooth eruption: discussion
Some eruption events involving the deciduous dentition in bovines occur around birth and
might be of use in this study for differentiating foetuses from neonates: both the dP2 and
dP3 are beginning to erupt at 0-2 weeks (Brown et al. 1960: 19; table 5). As mentioned
earlier, it has been suggested that 10-14 days is the earliest age at which calves can be
safely separated from their dam without compromising lactation, so this factor may be of
value in this study.
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3.4: Tooth-wear analysis
Ruminant mandible teeth wear down progressively with age, hence those recovered
through excavation will register the degree of wear for that individual animal at death; if
found in situ within the mandible, the concurrent degree of wear (and the extent of tooth
eruption) for multiple teeth from the same animal may be observed. A number of workers
have derived criteria for assigning an age-at-death to individual archaeological bovine
mandibles by studying tooth wear and/or the extent of tooth eruption (for example, Payne
1973; Grant 1975, 1982; Andrews 1982; Hambleton 1999; Moran & O’Connor 1994;
Brown & Chapman 1990, 1991c). Grigson (1982) reviewed the literature at the time. Some
of the original work in this field was carried out by Silver (1969), whose general study
listed tooth eruption stages in the ox; tooth wear was mentioned as being progressive with
age, but a ‘wear versus age’ table was not worked out.

Payne (1973: 297-299) studied teeth from an assemblage of modern Turkish sheep and
goats, and devised a method of recording the wear patterns of exposed dentine in
mandibular molar and premolar teeth. Incisors, the teeth most commonly used for ageing
by farmers and veterinarians, are often lost from ungulate mandibles in archaeological
material, being less tightly socketed in the jaw. Moreover, incisors do not wear to the same
progressive extent as molars, due to their different function. Payne found, by examining
mandibles from animals slaughtered at a known age, that these dentine exposure patterns in
the mandibular dentition had a significant relationship to the age of the animal. He related
different patterns to different age cohorts, allowing for degrees of variation. He was able to
derive loose age interpretations in unknown-age individuals based on the fact that dentine
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is exposed progressively with time, and hence age, as the tooth wears down, forming a
sequence of varying, regular, predictable patterns reflecting the cross-sectional morphology
of the tooth.

Payne drew up a system of symbols to standardise the methodology and reduce subjective
interpretation (figure 3.2). His block-diagram system is sufficiently flexible to allow 16
permutations for the M3 (permanent 3rd molar).

Figure 3.2: Wear sequence for ovine lower 3rd permanent molar (Payne, 1973: 290, fig. 8). Upper rows show
occlusal surface of the M3, lower rows are Payne’s diagrammatic representations.

Brown & Chapman (1990, 1991c), working with red and fallow deer, devised a similar
system for recording areas of wear on molar teeth. Here, however, this was elaborated into
a scoring system for tooth wear based on precise areas of wear in the permanent molars, so
that each tooth in the molar arcade was awarded a total score based on a sum of individual
figures (figure 3.3). Enamel wear on the cusp slopes (locations ‘a’ in the figure) was
awarded a score of 1, while dentine exposure in the same locations scored 2. For all other
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locations (‘b’ to ‘i’) a score of 1 was awarded for dentine exposure. Using known-age
control animals, the authors were able to produce a scatterplot with 95% prediction
intervals from a regression of age against total molar score; from these data a table was
produced of predicted ages in months, with upper and lower limits, of wear scores at 10
point intervals. This scheme, however, has never been developed to accommodate cattle
teeth, where less complex methodologies are generally used, based on sequences of wear
patterns.

Figure 3.3: Scoring locations on third molar of red deer (Brown & Chapman 1991c: 524; table II).

Grant (1975, 1982) developed similar, though less complex, systems for the mandibles of
cattle, ovicaprines and pigs, based on a more limited number of wear stages, and using
letters rather than Payne’s symbols; her wear-stage chart for cattle is shown in figure 3.4.
Only the P4 (or dP4), M1, M2 and M3 were used. Each tooth wear stage (TWS), together
with 5 specified eruption stages, was given a numerical equivalent (table 3.2). The total
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score for the 4 teeth on the mandible gave the mandible wear stage (MWS); index values
were between 1 and 54. Grant did not award absolute ages to the MWS values, but the
method can be used to establish relative ages within a population for adult individuals, and
in conjunction with eruption data can also be used to infer approximate ages for younger
animals.

Figure 3.4: Wear stages of cattle teeth (Grant 1982: 92; figure 1).
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Table 3.2: Numerical equivalents of eruption stages and tooth wear stages (Grant 1982: 96; table1).

Eruption- or tooth wear-stage

Numerical equivalent

C (visible perforation of crypt)
V (tooth visible, but below bone surface)
E (tooth erupting through bone)
½ (tooth half-erupted)
U (tooth almost full height but unworn)
a (TWS)
b
c
d
e
f
g
h
j
k
l
m
n
o
p

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Payne (1987) subsequently refined his system in order to make it easier to use in
publications, and provided a cross-referencing table for Grant’s system. He also cast doubt
on 18th and 19th century data (used by Silver (1969)) that had seemed to suggest accelerated
eruption in line with progressive advances in cattle breeding (Payne 1984). Hambleton’s
review of ageing methods (1999: 61-62) suggested that studies using modern animals for
the ages at which dental eruptions occur were reasonably appropriate for Iron Age
populations. For assessing bovine mandibles by tooth wear criteria, she recommended
Halstead’s (1985: 219, table 35) non-numerical adaptation of Payne’s (1973) ovicaprine
methodology which refers to Grant’s (1982) bovine wear stage diagrams (Hambleton 1999:
61-67) (figure 3.4; table 3.3). This scheme was adopted for a number of later Scottish
Atlantic excavation reports, as at Dun Vulan, for example (Mulville, 1999: 251).
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Table 3.3: Definition of age classes for cattle mandibles (Halstead, 1985: 219, table 35).
*Wear stages in Grant, 1975: 438, 1982: 92.

AGE CLASS
A
B
C
D
E

SUGGESTED AGE
0-1 MONTHS
1-8 MONTHS
8-18 MONTHS
18-30 MONTHS
30-36 MONTHS

F

YOUNG ADULT

G
H
I

ADULT
OLD ADULT
SENILE

DEFINITIONS
p4 unworn
p4 in wear, M1 unworn
M1 in wear, M2 unworn
M2 in wear, M3 unworn
M3 in wear, posterior
cusp unworn
M3 post. Cusp in wear,
M3 wear <stage g*
M3 wear at stage g*
M3 wear at stage h or j*
M3 wear >stage j*

For mandibles without a full dentition, where individual teeth had been lost in life by
attrition, or after death through taphonomic action, age classes can be attributed based on
the wear on similar teeth that were still in situ in other mandibles in the assemblage,
sometimes in the form of a range of age-classes or ‘stages’. Payne (1973: 294-295, figures
11-13) presented the relationship of the state of wear of the ovine P4, M1, M2 & M3 to the
overall age-class awarded to the mandible; these figures could then be used to diagnose
partial dentitions from his assemblage where one or other of these teeth was present, in the
absence of defining teeth such as the dP4 or M3. These figures were specifically for the
ovine assemblage in Payne’s (1973) study; in any other wear-stage analysis of a speciesspecific archaeological mandible assemblage, corresponding figures must be constructed
from local unequivocally-age-diagnosed examples in order to resolve incomplete material.

An example of one of Payne’s (1973) interpretative diagrams is shown in figure 3.5, which
differentiates wear stages of the ovine M1; Payne later published a further paper giving the
Grant (1982) equivalents to his reference codes (Payne 1987). The definitions of Payne’s

71
‘stages’ (1987: 293), A-I on the X-axes of figure 3.5 generally correlate with those of the
age classes of Halstead (1985: 219, table 35) (table 3.3).

Figure 3.5: diagram demonstrating the relationship between wear–stages in the M1 to stages A-I (equivalent
to Halstead (1985) age-classes A-I (Payne 1973: 294, figure 11).
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There are limitations to Grant’s wear stages chart (figure 3.4). Category ‘b’ encompasses
the first beginnings of dentine exposure on the cusps, but not the number of cusp-points
affected. Payne’s (1973) scheme had been sufficiently flexible to represent these intra-stage
variations (see figure 3.2), where, for example, wear in a single cusp-point in the tricuspid
dP4 could be represented thus:
―UU
UUU

Or two cusp-points thus:
―UU
―UU

Hence Payne’s system could describe a number of combinations of cusp wear, when worn
sufficiently to expose dentine, within Grant’s (1982) wear stage ‘b’. These cusp-point-wear
combinations could reflect different age-cohorts within this stage. This lack of sensitivity
and ambiguity in the early deciduous stages of the Grant (1975, 1982) methodology, when
compared to Payne (1973), was noted by Hambleton (1999: 67), who predicted that Grant
data might show less infant death. This has been addressed in a recent suggestion that
individuals with wear on either point of the distal cusp (as represented above) should be
reclassified as stage ‘a/b’, and considered to be aged less than 1 month at death. Those with
wear extending beyond the distal to the remaining cusp-points would be categorised as
Grant (1982) wear-stage ‘b’ as normal (Mulville et al. 2005: 171).

This correlates well with animal behavioural studies: suckling calves begin to ‘graze’,
when they are able, within days of birth; their first efforts are usually inefficient (Fraser &
Broom 1990: 239). This serves to prepare them for masticating solid food, and also begins
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to establish the bacterial and protozoal flora in the rumen, which will be necessary for
rumination later in life. This early chewing activity may in some cases lead to early cusp
wear in pre-weaner animals on deciduous molariforms, particularly the dP4, which
substitutes for a molar in the deciduous dentition. Ovine foetuses have been observed to
‘proto-chew’, with lateral oppositional movements of the jaws with the mouth closed
(Fraser & Broom 2002: 200-201). This may also apply to bovines and result in pre-natal
tooth wear, probably on distal cusp of the emerging dP4, as observed by Serjeantson
(Mulville et al. 2005: 171).

Diet can affect tooth wear and hence its interpretation in terms of age: animals grazing
sparse plants from a sandy or gritty soil may ingest the latter to some extent, and during
mastication this will tend to induce extra wear, particularly in molar teeth. Coarse-textured
dietary components can also have a similar effect. Individual animals may also have a
preferential side on which to chew, which could induce bilateral wear differences (Grant
1978: 104). These factors may distort wear analyses leading to an unreliable interpretation
of age. Wear assessment of some teeth can also be made difficult by post-mortem
taphonomic effects. This can sometimes make it problematic, even under magnification, to
differentiate dentine exposure due to wear from that caused by degradation. This may lead
to some finds being assigned to higher wear categories than were appropriate.

Identifying tooth wear patterns, as indicated, can be subjective; quality control procedures,
such as the provision of a range of teeth at stated wear stages for comparative purposes, or
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operator ‘blind’ tests using a set of known-stage mandibles to check consistency, are
probably good strategies to ensure inter-operator or inter-laboratory consistency.

3.4.1: Tooth-wear analysis: discussion
Although effective in distinguishing animal age-groups within reasonable limits, toothwear analysis is, by definition, reliant on the inception of wear for age-diagnosis. The
absence of wear, corresponding with age-class ‘A’ (Halstead 1985) conflates together the
age-cohorts that are of interest in this study: foetuses, stillbirths, and neonates likely or
unlikely to have been culled for milk production (as discussed in the introduction to this
chapter), all with a diagnosis of ‘less than 1 month’. As has been discussed above, the
inception of wear, through ‘proto-chewing’, can begin within days of birth and hence at the
age of interest of the study; under Grant (1982), these individuals would be aged ‘1-8
months’. This anomaly appears to have been addressed (Mulville et al. 2005: 171); the
suggested modification, described above, will be assessed in the forthcoming
methodological chapters of this study.

Tooth-wear analysis can be used to produce species death-population profiles, or ‘kill-off’
patterns, for archaeological assemblages, as discussed in section 2.2, which may lead to
inferences about the mode of exploitation of the animals concerned. Individuals categorised
as age-class ‘A’ using tooth-wear analysis, which will comprise of the conflation of agecohorts mentioned above, can then be subjected to further analysis using techniques more
suited to differentiating between very young cohorts. Due to the discussion concerning
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early inception of wear in the paragraph above, age-class ‘B’ individuals will also be
included in any further analysis.

3.5: Tooth development
Two studies using the stage of development in ungulate teeth are considered herein. Both
involve the use of radiography to distinguish tooth development without removal of the
teeth from the mandible. The first, based on a sequential progression of tooth development
published by Gjesdal (1969) concerns the development of bovine foetal teeth from around
120 to 260 days of gestation. The second study, by Brown & Chapman (1991a, b) describes
a methodology for estimating the age of two species of deer, involving the award of scores
for the development stage of individual teeth within the mandible.

3.5.1: Tooth development: Gjesdal (1969)
In 1969 F. Gjesdal published a paper reviewing a number of different methods for
determining the age of foetuses. The motivation for this veterinary study was legal; with
the sale or insurance of cattle, it is not only necessary to know the pregnancy status of the
animal, but also the age of the foetus. Among the methodologies assessed were some that
are not applicable to archaeological material, such as foetal hair length. Another method
centred on the metrical analysis of foetal metapodia (1969: 201-206), as discussed earlier in
section 3.2. For Gjesdal, the method of choice was the longitudinal metrical analysis of the
cranium. This involved measuring a sagittal section of the skull from the occipital crest to
the tip of the incisive bone. Since the foetal skull is rarely recovered intact in
archaeological excavations, this method is also not relevant to the present study. However,
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Gjesdal included among his methodologies a study of the gestation age of various
development stages of foetal teeth. Expressed in chart form (1969: 210-211; figure 12)
(figure 3.6 a, b), this could be used to predict the gestation age of unknown-age foetuses.
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Gjesdal used an extensive chronological sequence of radiographs of heads from foetuses
taken from a variety of Norwegian breeds of cattle at slaughter, beginning at 120 days post
conception and ending at parturition, in order to produce this sequence, which traces the
stages of development for each tooth. Figure 3.6a and b shows the sequence for the lower
jaw. Each stage was described verbally, usually in abbreviated form. The author claimed a
maximum error of ± 4 days in a test when a random X-ray film from the sequence was
assessed using the chart (Gjesdal 1969: 208).

3.5.1.1: Tooth development: Gjesdal (1969): discussion
Apart from the diagrams mentioned, Gjesdal (1969) gave few details of his methodology
for tooth development analysis. Despite emphasising the need for a large number of
controls for comparison, specific radiographic illustrations or line drawings of the various
phenomena mentioned in the chart were not included in the paper. The descriptions given
also tend to be somewhat ambiguous, and, as the parameters develop gradually, accurate
ageing of the phenomena is questionable. This, combined with the lack of diagrammatic or
photographic

representations

renders

any

comparative

exercise

featuring

tooth

development criteria using these data somewhat subjective.

As mentioned, the chart covers development from 120 days gestation up to 280 days;
however, no changes are recorded after 255 days, so this is the maximum age at which a
diagnosis can be given. Hence, any early foetuses, late foetuses, newborn animals and
neonates would be outside the range of this technique. This renders it only partially suited
for the present study, but it remains a useful adjunct to other techniques.
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3.5.2: Tooth development: Brown & Chapman 1991a, b.
This methodology was described by Brown & Chapman (1991a & b) in two papers based
on the development of permanent molariform teeth of the lower jaw in known-age fallow
deer (Dama dama) (1991a), and red deer (Cervus elaphus) (1991b), observed through
studying radiographs of the mandible. Based on a numbered sequential list of tooth
development stages, they derived a score corresponding to whichever development stage a
tooth had reached; these scores were then combined into a composite score for the whole
jaw. Hence minor variations of development within the dental arcade between animals of a
similar age could be evened out, arriving at roughly the same total score. Both papers
followed the same methodology.

Mandibles from 56 known-age fallow deer, ranging from 2-3 days to 35 months, were
radiographed. For red deer the sample size was 113 deer, ranging from 1 to 138 months.
Both species originated from the herds at Richmond Park, London, and were routine culls
and accidental deaths. No foetal and very few neonatal mandibles were examined. This
complied with the rationale of the study, which was to track the development of the
permanent premolars and molars; the survey was not concerned with the deciduous
premolar teeth.

Brown & Chapman’s papers used a series of 10 sequential developmental criteria for their
scoring scheme (table 3.4), beginning with the first appearance of bone resorption prior to
the formation of the crypt in which the future tooth will develop, via various degrees of
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crown and root development, to end with the fully formed tooth. The crypt formation stage
scored 1, and the fully developed tooth 10, with 8 intermediate stages scoring 2-9.

Table 3.4: Scoring chart for radiographs of red deer mandibles (Brown & Chapman 1991a: 90).
SCORE

Developmental Criteria

1

Evidence of a crypt. The crypt is the darkened area in which the tooth germ is developing and
growing. It was represented by a discrete area of bone resorption, defined at its periphery by a
fine white encircling line, reflecting the contrasting levels of mineralization. It may only be a
few millimeters in diameter. The earliest mineralization may have already begun, but is too
slight to he distinguished against the bone that surrounds the crypt.

2

Evidence of mineralization. When the tooth germ reaches the bell stage of development,
mineralization of the dentine and the enamel commences in the mesial cusps. This early
mineralization may be detected within the crypt as a fine white radiopaque line locating the
enamel dentine junction. It was recognizable because it followed the cuspal outline.

3

All cusps mineralizing. All the cusps were clearly outlined at different stages of
mineralization. The mesial cusps started to mineralize before the distal ones.

4

The infundibulum is formed. At this stage the lingual and buccal cusps were formed and
their mineralized fronts were continuous with each other in the centre of the tooth at the
bottom of their infundibulum. There is no infundibulum in a premolar.

5

Crown formation is complete. All the crown was formed and the first evidence of root
formation was observable at the mesial and/or distal ends of the tooth. The completion of
crown formation can only confidently be determined when root formation has begun.

6

Early root formation. A fine inverted V-shaped line of mineralization was seen at the
bifurcation of the mesial and distal roots.

7

Half root length formed

8

Late root formation. More than half but less than the full length of the root was visible.

9

Full root length formed with apex open. For some time after the full length of the root has
been formed, the apex through which the blood and lymph vessels and nerves pass is wide
open, but slowly closes.

10

Root apex closed. The fine canal through which the vessels and nerves pass was marked by
continued mineralization of the dentine and cementum and could not be seen.

Total scores for known age deer from the control herds were manipulated statistically to
produce a graph of predicted ages, with 95% prediction intervals, obtained from a
regression of total molariform development scores on age. The fitted line was the logistic
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growth curve (Brown & Chapman 1991a: 91). Age diagnoses were claimed to be accurate
within a range of ± 3 months.

Carter (2001, 2006) utilised the same tooth development stages (table 3.4 above) in studies
of known-age red deer (Cervus elaphus) and roe deer (Capreolus capreolus); however, he
used a tabular rather than graphical method for dataset presentation. This study was used in
reassessments of seasonality of occupation at various European Mesolithic sites. The
tabular methodology will be revisited later in this thesis. A further modified version of this
methodology has recently been used in a study of porcine teeth of Mesolithic origin (Carter
& Magnell 2007).

3.5.2.1: Tooth development: Brown & Chapman 1991a, b.: discussion
Ungulate tooth development, as specified in the general terms of the criteria listed in table
3.4, appears to be as applicable to the deciduous dentition of cattle as it is for the permanent
dentition of deer (Soana et al. 1997), since individual tooth morphology is not specified.
These criteria and their scoring system could therefore be used for the mandibles of
neonate calves to produce a total score for the molariform arcade. As can be seen from the
earlier development sequence of Gjesdal (figure 3.6 a, b), foetal and neonate tooth
development events make relatively rapid progress, which should increase the precision of
any predictive methodology. If an assemblage of known-age foetuses and neonates could
be obtained, a similar predictive formula or table could be produced to age-diagnose
unknown archaeological bovine neonate mandibles more accurately than is currently
possible using tooth-wear assays.
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3.6: Neonatal line
This phenomenon has been used in studies of human infant mortality to estimate postnatal
survival (Hillson 2005: 166). At birth, the deciduous teeth are incomplete, with enamel
only partially mineralised; additional layers of enamel are laid down after birth. The
neonatal line represents the first layer laid down following birth; it is hypomineralised, and
can be differentiated microscopically on thin sections of the tooth by a layer of darker
opacity compared to the layers preceding and following. Its formation has been attributed
to a fall in serum calcium levels after birth, and it can be identified on any of the
developing deciduous teeth if the infant survives for at least 7-10 days (Smith & Avishai
2005: 84). Occasionally the line is visible on the external surface of the tooth or teeth as a
line of enamel hypoplasia; wider and more emphatic neonatal lines are usually
symptomatic of birth difficulty or diabetes in the mother (Skinner & Dupras 1993: 1384).
The neonatal line has been demonstrated in other mammal species, such as sika deer
(Cervus nippon) (Iinuma et al. 2004), and also marine mammals such as the elephant seal
and sperm whale (Hillson 2005: 246; 248).

3.6.1: Neonatal line: discussion
Examination for the presence of the neonatal line in bovine deciduous teeth might
theoretically be a useful tool in ageing neonates, providing an initial study had been made
using known-age species-specific teeth to calibrate the technique, by determining the extent
of its appearance and the age at which it appears. If, for example, the timing of its
appearance coincided with that of humans at 7-10 days, its non-appearance in an individual
could be used to diagnose a foetus or animal aged less than 10 days, which would neatly
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correlate with the earliest age at which it is suggested a calf can be slaughtered without
threatening milk let-down in its dam (Halstead 1998: 6); hence such an animal would have
died a ‘natural’ death.

The thin-sectioning of teeth required for examination for the neonatal line requires
technical skills in histology and microscopy, together with expensive equipment that may
be available only in specialist laboratories. The technique is also destructive; subject teeth
would be unavailable for other techniques, and also it would require removal of the tooth
from the mandible, which could damage the latter element. Since a ‘negative’ result would
identify the foetal and new-born animals of most interest to this study, quality control of
the technique would also have to be sufficiently developed to ensure that ‘false negatives’
did not occur, through inaccurate or inadequate sectioning, or poor microscopic technique.
A ‘positive’ appearance of a putative neonatal line would be easier to confirm or dispute,
since there would be something tangible to examine.

3.7 Ageing methodologies: discussion
It has been shown that one weakness of the current use of tooth-wear analysis as the default
method for ageing bovines from archaeological assemblages is that there is no means of
differentiating between age categories of animal before wear commences. These categories
comprise foetuses and very young calves in the first week or so of life; this study is
concerned with the fate of these age-cohorts, which all come within Halstead’s (1985)
category ‘A’. This covers calves aged less than 1 month, and is defined by a lack of
dentine-exposing wear in the 4th deciduous premolar.
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Apart from considerations of human animal exploitation through putative slaughter of
neonates to maximise milk harvest, as discussed earlier, this lack of ageing clarity in
archaeology is also frustrating when considering, for example, calf death through disease.
A foetus of 8 months gestation and a 2-week-old calf are currently categorised in the same
age group by tooth-wear analysis, despite nearly 3 months age difference; each could have
been susceptible to a completely different raft of pathogens: for example, brucellosis,
causing abortion of the foetus, or salmonellosis, causing acute diarrhoea in the 2-week-old.
These topics are discussed further in chapter 5.

In reviewing the application of ageing techniques described in this chapter for use in agediagnosis of very young calves, examination for the epiphyseal fusion of bone elements
was first considered. There are few postcranial bovine bones whose fusion events enable
ageing at less than 1 month, however, although the proximal articulations of the metapodia
appear to develop at around the time of birth. Metrical analysis of bones might also enable
the identification by age of foetal animals, since modern data in the form of regression
equations and concordance tables are available (Prummel 1989). However, a breed-relevant
correlation coefficient would be necessary to age-diagnose material from early cattle.
Tooth eruption data also appears to be too vague to enable much precision in agediagnosis; the nearest event to birth in the ox, the eruption of the three deciduous
premolars, is given as “birth to 3 weeks” (Silver 1969: 296). Tooth-wear analysis is also of
only limited value as discussed above, since the earliest age category is defined as “0-1
month” (Halstead 1985: 219, table 35). Tooth-development analysis, using the
developmental criteria of Brown & Chapman (1991a, b) appears to be the most likely
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avenue for early age-diagnosis, since developmental events involving the deciduous
dentition appear to proceed throughout the later stages of gestation up to birth (Gjesdal
1969: 210-211). In this study, acquisition of known-age control material spanning the agerange required, from mid-term foetal to 4 or 5 weeks of age, has enabled calibration of a
tooth-development technique using and adapting these earlier studies (Gjesdal 1969: 210211; Brown & Chapman 1991a, b).
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CHAPTER 4: ARCHAEOLOGICAL CONTEXTS
4.0: Introduction
This chapter describes and discusses the specific archaeological contexts used in the study.
As mentioned earlier (section 2.2.1), the pattern of high proportions of bovine neonate
mortality has been demonstrated in a number of sites throughout the Scottish North
Atlantic region, extending from the Northern and Western Isles to Iceland and Greenland.
For this study, the bovine bone assemblages from six recent excavations were examined, all
originating from the Orkney Isles. A number of factors predicated this choice: the
periodicity of all the excavations fell between the Neolithic to the late Norse period, hence
temporally corresponding with the majority of recent North Atlantic region excavations;
initial studies had shown that most appeared to follow the paradigm of high proportions of
bovine neonate material; the Orkney location ensured that inter-site climatic, ecological
and geographical variations would be minimal; three of the excavations had been fully
reported, two of which were published as recently as 2007, hence representing up-to-date
thinking, while initial reports were available for the remainder; and finally, all the
assemblages were conveniently accessible. Some dissimilarities applied between the study
sites, however, in terms of socio-economic context and function; for example, Earl’s Bu
and probably Snusgar were high-status sites, while Mine Howe may have had a ritual
function at some stage. These factors will be taken into consideration in any interpretation
of results from the study.

It was decided also to include bovine neonate material from an archaeological control site,
from a context chosen to be different in as many aspects as possible, including
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geographical location, time period and perceived site economy. This would be used to
check consistency of technique, and might highlight any factor common solely to Orkney,
or Northern Scottish sites, that might otherwise have been missed. In the original
excavation report of the control example chosen (The Bedern, York), the interpretation of
elevated neonate mortality was also markedly different from that given for the published
Orcadian sites, namely, Pool, Toft’s Ness and Howe; hence, including neonate examples
from The Bedern among the study material might also highlight some factor indicative of,
or supporting, this interpretation.

A brief description of the topography and geology of the Orkney Isles is followed by a
discussion of climate and flora both at present and in the past, as deduced from pollen
studies and other techniques of environmental archaeology; the importance of climate and
environmental factors in the aetiology of neonate mortality will be referred to in subsequent
chapters. An introduction to each of the six Orcadian sites studied then follows, together
with the non-Orcadian process control site. Where a full site report or other data is as yet
unpublished, such as in the case of the site at Snusgar, only brief excavation and
topographic details are given. For Pool, Tofts Ness and Howe, however, full site reports
enable reference to be made to site structures revealed under excavation, recovery of
material culture, such as pottery fragments, stone artefacts and metal objects, and the
results of bioarchaeological analyses, together with any interpretations made from a
synthesis of these data by the report authors. Particular reference is made to inferences
made from bioarchaeological studies involving interpretations of animal husbandry and
dairying in particular. For these mostly multi-period sites, these interpretations are
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discussed for each period or phase defined, emphasising any demonstrable diachronic
changes, and any conclusions relating to, for example, marginality or cattle husbandry,
which might have relevance in any consideration of dairying or cattle health.

4.1: The Orcadian environment
The Orkney archipelago, consisting of around 40 substantial islands and islets, lies some
10-20 kilometres off the north-eastern tip of mainland Scotland, on the southern periphery
of the north Atlantic area (figures 4.1 & 4.2). Topographically, apart from Hoy, which is
relatively mountainous, the Orkney islands consist of gently rolling smooth hills, treeless,
and usually clothed in pasture or peat (Ritchie 1995: 14). Hoy rises to a maximum of 479m,
which, though impressive when compared to the rest of the archipelago, is fairly
insignificant relative to the peaks of neighbouring highland Scotland. There are spectacular
sea-cliffs on northward-facing coasts in Orkney, particularly on Hoy, occasionally with
accompanying stacks. Cliffs comprise around 20% of the coastline. The remaining
coastline consists of rocky shores (79%) or sandy beaches (11%) (Davidson & Jones 1985:
12-13).

The geological characteristics of Orkney have provided a useful incentive for human
habitation, since, beneath the surface soil, the majority of underlying strata consist of
Stromness and Rousay flags, horizontal sandstone beds. This stone provides excellent
building material, especially on Orkney where suitable timber may have been in short
supply, as it can be split into straight-edged blocks, usable as walling or paving; it can be
further split to provide thin roof tiles (Ritchie 1995: 16). Overlying soils, except,
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significantly, on most of Sanday, tend to be of boulder clay (till) and suffer from poor
drainage. This factor is of significance in cattle husbandry; poorly drained clay soils can
result in poaching, land becoming broken up and muddy by the feet of animals, especially
where cattle habitually stand or are restrained, particularly in gateways. In winter,
prolonged immersion in deep mud at near-freezing temperatures can often lead to lameness
or mastitis in cattle (Boden 2001: 405). These topics will be further discussed in chapter 6.

Figure 4.1: Orkney – relationship to north-east Atlantic area (Davidson & Jones 1985: 11; figure 2.1).
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Figure 4.2: Orkney: principal islands showing main modern towns (Omand 2003: facing page 1; Map 1).

In the early post-glacial period, pollen studies have shown Orkney was colonised by heath
plants, dominated by juniper and crowberry (as will be discussed in chapter 5, excessive
ingestion of the former may induce abortion in cattle). Birch-hazel scrub then supervened.
This climaxed at around 5900 BC, when scrub with an understorey of ferns and tall herbs
covered the islands. Total scrub cover lasted until around 3800 BC, when it began to be
replaced by more open vegetation, with high pollen values for grassland species (Davidson
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& Jones 1985: 15, 34). Increasing onshore wind speeds around this time, deduced by
increasing deposition of wind-blown sand and sea salt, together with presumptive
woodland clearance in the Neolithic, may have subsequently reduced taller vegetation to
small patches of stunted scrubland (Ritchie 1995: 19).

Orkney in the later Neolithic appears to have been an almost treeless environment,
probably due to human activity; with considerable pollen values for dwarf shrubs and
heather. Studies on Rousay have demonstrated a decline in woodland taxa at around 5400
BP and a rise in heath vegetation around 5700 BP (Bunting 1996). Around the Neolithic
sites of Maes Howe and Stenness mixed agriculture was practiced, predominantly pastoral,
demonstrated by bone deposits from domesticates such as cattle and sheep, but including
the growth of cereals; wheat, barley and oat pollens and macrofossils have been
demonstrated to originate from this period (Davidson & Jones 1985: 26-27).

From the Bronze Age to the Early Iron Age there is evidence of some recrudescence of
scrub growth, perhaps indicating a climate-mediated decline in agriculture. Blanket peat
formation began, probably due to a change to colder and wetter conditions from around
1900 BC to 1200 BC (Davidson & Jones 1985: 27-28). This may have been exacerbated by
poorly draining soils and anthropogenic tree-felling. A further climate decline around 600
BC led to an expansion of heath and bog vegetation in the Iron Age, which continued into
the Pictish and Norse periods. In the latter, however, birch, hazel and willow charcoal
indicated the continuing survival and utilisation of scrub woodland (Davidson & Jones
1985: 33-34).
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The dearth of tall vegetation was disadvantageous for human settlers during the Neolithic,
Iron Age/Pictish and Viking periods under study; for example, in house or boat
construction, due to a potential lack of substantial baulks of wood, except, perhaps, as
driftwood. Scrub would have been exploited for fuel, together with driftwood, dried animal
faeces, dried seaweed, turf and peat.

The domesticated faunal species: cattle, sheep and pigs, were probably all imported into
Orkney from nearby northern Scotland during the Neolithic period; even red deer are
considered probably to have been trans-shipped from the Scottish mainland (Ritchie 1995:
19). Small mammal species probably colonised Orkney before the islands separated from
the mainland around 11000 BC (ibid). Marine species, such as fish, cetaceans, seals and
shellfish, together with seabirds, were abundant around Orkney and were exploited
throughout the time periods in question; evidence of shellfish collection, for example,
exists in the extensive shell middens found at the Neolithic settlement of Knap of Howar on
Papa Westray (Ritchie 1995: 25).

Orkney benefits from the Gulf Stream, in common with the Scottish and Irish Atlantic
coasts, which keeps the climate mild despite the northerly latitude. This ensures a presentday average temperature of 7.5°C, and a February-March winter low of 3.5°C (Hanssen
Kalland, 1982: 86). However, the extreme oceanic climate produces rapid variations of
rain, cloud, wind and storms. There is no predominant wind direction, but the highest
frequencies are from the south and west. Gales are most frequent between October and
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March (Davidson & Jones 1985: 17). Despite a long growing season and mild, usually
snowless winters, westerly storms and rain have meant that, for example, unsheltered
animals could suffer severely if outwintered (Hanssen Kalland 1982: 89), in part due to
problems caused by soil poaching, as discussed earlier. Potentially, outwintering in Orkney
might have been feasible in the Viking era, at the time when the climate was milder, the
“little climatic optimum” (Bigelow, 1985: 116), in locations where heathland, rich grass
and seaweed were constantly available, perhaps allowing farmers sometimes to dispense
with winter fodder collection during the summer months, when long daylight hours could
have permitted them to supplement their own diet with fishing, hunting and bird- and eggcollecting (Hanssen Kalland 1982: 88-89). However, this may be qualified by structural
evidence for putative byres and barns in the Northern Isles during the Viking period, for
example at Jarlshof, Shetland, which would appear to indicate a continuation of the practice
of overwintering stock indoors, using stored fodder (Graham-Campbell & Batey 1998:
209).

It was generally thought that human habitation on Orkney began in the Neolithic period;
however, a recent field survey has provided evidence for possible late Palaeolithic or early
Mesolithic occupation on Orkney (Towrie 2007b; British Archaeology 97: 9). Some
pioneering scrubland clearance was probably involved in the Neolithic re-occupation in
around 3,800 BC. The abundance of marine resources may have provided the initial
stimulus for permanent human occupation, but from the Neolithic up to the early
Mediaeval period, there is a continuous picture of human reliance on a mixture of
subsistence agriculture, together with fishing and hunting, carried out in an open landscape,
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despite climatic deterioration and soil depletion due to deforestation (Ritchie 1995: 19-20).
This has mainly been demonstrated, as noted above, through environmental archaeological
studies showing evidence for the cultivation of cereals via palynological and microfossil
analysis, and the herding of cattle, sheep, pigs and goats, together with the hunting of deer
and seabirds as well as fish, through the study of deposited bone.

4.2: Study Site 1: Mine Howe, Tankerness
The Iron Age site at Mine Howe (‘an underground structure within a hill’), in the
Tankerness area of the Mainland, Orkney (figure 4.3), consists of a series of underground
stone-built chambers within a large natural clay mound, part of a group left after the glacial
retreat of the last Ice Age. The initial discovery of the underground cavity was made in
1946; infill, consisting of earth, ash, stone and midden (Card & Downes 2003: 11) was
removed and discarded, and the chamber resealed.

Figure 4.3: Mine Howe location map (Card & Downes 2003: 11; figure 1).
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Reinvestigation of the site began in 1999 when the mound was reopened and the entrance
to the shaft and a descending flight of stairs were exposed, leading to an underground
gallery complex, with a corbelled roof, terminating in a high-roofed chamber, flooded
when wet (figure 4.4). The whole underground complex appeared to have been created in a
single phase (Harrison 2005: 5) which has been dated to between 200BC to 500AD;
however, apart from the skull of a dog found beneath a flat stone, no infill material was
available for analysis, having been excavated and discarded in the 1946 discovery.

Figure 4.4: Mine Howe underground structure – section (Card & Downes 2003: 12; figure 2).
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Following performance of site- and geophysical surveys, which revealed various
anomalies, including the presence of a causeway around the mound bounded by ditch
terminals (figure 4.5) with apparent settlement activity in and around the entrance across
the ditch, the excavation of various trenches was instigated and investigations at the site
subsequently continued in annual seasons from 2000 to 2005. The aim of investigations
was to establish a date for the underground complex and outlying features, together with
any insight into the function of the site, and how it fitted into the landscape.

Figure 4.5: Mine Howe – gradiometer survey, showing location of underground structure and surrounding
ditch; also showing locations of trenches A-F (Card & Downes 2003: 14; figure 3).
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Excavations in 2000 and 2002 were centred on the underground structure and sections of
the ditch, particularly the terminals. The 2003 excavation focused on activities that took
place after the construction of the underground chamber and the surrounding ditch, in
particular within a possible roundhouse structure uncovered at the end of the 2002
excavations outside the ditch entrance (figure 4.5: trench E; figure 4.6). This was found to
have been used at some time as a workshop for the production of ferrous and non-ferrous
metalwork (Card & Downes 2003: 17). Archaeomagnetic dating has established that the
central hearth was in use between 100 BC and 110 AD. The workshop appeared to have
replaced a sequence of previous structures, probably in a cycle of “destruction,
construction, alteration and repair” (Card et al. 2005: 28). Detritus included moulds,
crucibles, a copper ingot, anvils and dense hammerscale, which showed that iron-smelting
and -working was practiced, probably using ‘bog iron’ found locally, as well as copper
alloy metalworking (Harrison 2005: 10-14).

Figure 4.6: Mine Howe – ‘workshop’structure (Harrison 2005:11).
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A 2-metre sondage excavated north of the workshop revealed archaeological material
throughout its full depth, with further metalworking debris near the base; this indicated that
the landscape may have been deliberately altered by the deposition of detritus and soil
during the Iron Age (Turner 2004: 102). Orkney contains other examples of complex
underground structures similar to Mine Howe; it has been suggested that these may have
had multiple ritual functions, including use as an oracle. The association of metalworking
with this ritual aspect may be significant, since the former represents a transformative
process requiring many ‘ritual’ stages to achieve its object (Harrison 2005: 6. 15).

Three discrete human burials were separately found associated with the Mine Howe
complex: a stone cist in the ditch infill contained a neonate; a young female, with toe rings
and a piece of antler, was discovered buried beneath the floor of the workshop, and an adult
male found in a pit in the midden material outside the workshop. These burials may reflect
an additional funerary aspect to the monument (Harrison 2005: 10, 13, 15; Card et al. 2005:
4, 6). Animal bone assemblages were conserved for analysis, originating from successive
excavations of the ditch infill, and deposits from the workshop.

No putative settlement structures were revealed in the Mine Howe excavations, so the
provenance of the environmental assemblages is as yet unclear. Food may have been
brought to the site for feasting or other ritual purposes, so palaeoeconomic interpretations
of, for example, mortality profiles may be questionable. A local settlement cannot,
however, be ruled out. A preliminary assessment of the bone assemblage has shown high
rates of infant mortality among both bovines and ovicaprines (Mainland et al. 2005). A full
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site report has not yet been published, and environmental material is still in the process of
analysis. The bone assemblage is currently stored at the University of Bradford, where
access was gained for this study; a total of 244 bovine mandibles and loose molar and
premolar teeth were analysed by various methodologies.

4.3: Study Site 2: Pool, Sanday
Sanday lies in the north-east quarter of the Orkney archipelago and is a smallish elongated
island, on a northeast/southwest axis, with maximum dimensions of around 20 x 10
kilometres. In contrast to the Mainland, its fertile soil is sandy and fast-draining, apart from
the south end of the island, which is clay or gravel (figure 4.7). The dominant feature of
Sanday is low-lying shell-sand dunes and consequent wind-blown sand.

The multi-period settlement of Pool lies in a bay on the south-eastern peninsula (figure
4.8). However, the continual shifting sands of Sanday and changes in sea level throughout
antiquity probably mean that the local topography has changed considerably between the
Neolithic and the present day. Archaeological excavations took place annually between
1983 and 1988. Continuous occupation of the site was demonstrated through four periods:
the Neolithic, represented by site excavation phases 1-4; the Iron Age, phases 5-6; a
transitional period when Viking influence was indicated, phase 7; and the later Norse
period, phase 8. A full description of the site investigations has recently been published
(Hunter 2007).
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Figure 4.7: Sanday, location, showing the multi-period sites of Pool (SW) and Toft’s Ness (NE) (Hunter
2007: facing page 1; illus. 1.1).
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Figure 4.8: Pool – detail of excavation area (Hunter 2007: 10; illus.2.2)
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In the Neolithic phases (site phases 1-4), 14 structures resembling buildings were identified
(Hunter 2007: 60), while recovered material culture included some 10,000 sherds of pottery
(MacSween 2007: 287) and around 500 examples of coarse stone artefacts, predominantly
Skaill knives (a split sandstone cobble) and other cobble tools, probably used for
processing raw materials (Clarke 2007: 353) such as animal carcases. Arable farming
included the cultivation of 6-row hulled and native barley, and it is suggested that wild
crowberries and hazelnuts may have been harvested (Bond 2007a: 204).

Cattle, sheep/goats, pigs and red deer were all represented among midden-deposited bones
during the Neolithic period; however, recovered bone in these phases tended to be in poor
condition, probably due to environmental conditions within the midden. In general, cattle
and sheep/goat material appeared to originate from animals with larger physical
proportions than those from the Iron Age or later. Cattle husbandry from the Neolithic was
inferred from analysis of the bone assemblage: a regime of non-intensive cattle-keeping
was suggested, with limited milking, while spring calves were allowed to suckle before
being slaughtered in autumn (Hunter 2007: 72; Bond 2007b: 224).

The area investigated at Pool appeared to be unoccupied for around 2000 years after
Neolithic abandonment. The Iron Age at Pool (site phases 5 & 6), commencing in the first
few centuries AD, was represented by paired cellular structures, regarded as ‘domestic’ and
‘farming’ units, rather than by a broch, although an example of the latter may have been
sited around 800 metres to the northeast. In the later Iron Age phase (6) the paired
settlement was subsequently expanded into 7 structures. One of these later structures
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(structure 23) was found to have incorporated a symbol-stone, together with another, at a
short distance, bearing an Ogham inscription. The latter is indicative of literacy and hence,
probably, the influence of Christianity (Hunter 2007: 109-115). Pottery from late Iron Age
phases at Pool was better fired and made than the Neolithic pottery (MacSween 2007: 306).
Copper alloy working was typified by the recovery of a penannular brooch, while boneand antler-working including pins, dice and a comb of cetacean origin (Hunter 2007: 116).

Palaeoenvironmental evidence in the form of pollen studies from this phase revealed that
oats dominated barley as a cereal crop, while, as mentioned above, scrubland was
beginning to flourish again. One of the structures (structure 18) may have represented a
drying/storage facility for barley. Bone studies revealed that sheep were slaughtered before
3 years of age, inferred as a meat/wool exploitation pattern, while there was an increase in
cattle neonate deaths compared to the Neolithic phases. This was interpreted to indicate a
more organised dairy economy, a conclusion reinforced by a high female-to-male adult
ratio (Hunter 2007: 118-9).

Excavation phase 7 was regarded to represent the interface between Iron Age occupation
and the Norse period, represented by the first signs of Scandinavian influence. For site
structures, although cellular-type buildings remained in use, this change was represented by
the construction of a sub-rectangular building (structure 25) at the north end of the site.
Artefactually, Scandinavian influence was recognisable in the introduction of objects
manufactured from steatite, including vessels, although Iron Age pottery remained in use.
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Ironworking increased, together with the introduction of innovatory styles of worked-stone
and -bone artefacts (Hunter 2007: 121).

Environmental studies of material from this phase included a new emphasis on fishing and
fish-processing, while palynology revealed that, together with barley and oat cereal
cultivation, flax was also being grown, and more ground may have been used for arable
cultivation (Hunter 2007: 121). Hearth residues revealed the presence of hazel, alder and
willow charcoal, together with evidence for the burning of straw, dung and seaweed. Bone
analysis showed a decline in the hunting of deer, while sheep husbandry was interpreted to
have been neglectful, with poor oral health and nutrition, and frequent injuries inferred.
This may have been due to unattended grazing in the marginal land or exposed shores and
cliffs (Hunter 2007: 144), found contiguous to the site.

Cattle husbandry from this phase has been interpreted from age-at death profiles and an
intensification of dairying inferred, through an increasing proportion of neonate bone
compared with earlier phases. This diachronic change is reported to represent the culling of
male calves soon after birth, once lactation in the dam had been established, and the
utilisation of some fodder crops (Serjeantson & Bond 2007a: 224).

The final late Norse phases at Pool were characterised by consolidation of the Scandinavian
features recorded in the transition phase, and the gradual eradication of Iron Age features.
This is exemplified in structure 29, which is wholly Norse in character and similar to the
‘farmstead’ paradigm found at Jarlshof and elsewhere. The construction of this building
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entailed the obliteration, by deliberate infilling, of various Iron Age structures (Hunter
2007: 147-8). The artefact assemblage was almost totally Scandinavian, with 198 sherds of
steatite and numerous bone comb fragments. Both steatite and combs were probably
imported from elsewhere indicating a trading network. Iron knives of a sophisticated
pattern were also found and, it is suggested, were also imported. Iron Age pattern pottery,
however, continued in use (Hunter 2007: 148, 165).

Bioarchaeological data was consistent with the transition phase 7, showing oats, flax and
barley grown. Bone data reflected a continuing diminution of red deer material, but
otherwise was consistent with phase 7, reflecting a fully developed organised farming
economy (Hunter 2007: 148). 43.6% of the bovine mandibles recovered from Phase 8 were
reported to be from the earliest tooth-wear-stage, which was interpreted to indicate an
economy intensively focussed on milk and dairy products (Serjeantson & Bond 2007a:
223-224).

The bone assemblage is currently in the care of the Orkney Museums Trust, Kirkwall;
access was gained for this study by the kind co-operation of Anne Brundle, Curator of
Antiquities. A total of 219 bovine mandibles and loose teeth from Pool were analysed.

4.4: Study Site 3: Howe, by Stromness.
The rescue excavation at Howe, located near Stromness in the west of Mainland (figure
4.9), took place between 1978 and 1982, after the landowner had proposed to level the
mound for agricultural improvement (Ballin Smith 1994: 3). Excavation revealed
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prolonged occupation, divisible into 8 phases, mostly associated with separate structures:
phases 1 & 2 were associated with fragmentary Neolithic structures; phases 3 & 4 were
Early Iron Age; phase 5 was another Iron Age phase associated with a round house; phases
6 & 7 were two subsequent Iron Age phases associated with brochs; phase 8, the final
stage, was associated with a farmstead. Occupation ended in the 9th century AD. No Bronze
Age phase was detectable but some Beaker potsherds were recovered (Ballin Smith 1994:
5-8). Environmental evidence, including floral and faunal material, was gathered
throughout the excavation, most abundantly in phase 7.

Both Neolithic phases were associated with mortuary structures; the earlier phase (1) was
defined by a stone setting, probably for a considerably sized standing stone, and a mortuary
house, while in the later phase the mortuary house was remodelled as the forecourt of a
stalled tomb. Little artefactual or environmental material was recovered from these
contexts, apart from a small assortment of stone tools. Pollen from the pre-Neolithic land
surface suggested that by phase 2, the landscape was open, and agriculture pastoral. Small
quantities of animal remains indicated the exploitation of cattle, sheep, pigs and red deer.
Some Bronze Age-type ceramic fragments were found, possibly in association with the
deconsecration of the tomb (Ballin Smith 1994: 19). The periodicity of Neolithic
occupation was estimated to be from the 4th to 3rd millennium BC.
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Figure 4.9: Howe – location (Ballin Smith 1994: 2; Illus.1).

A hiatus in occupation probably then intervened till the 6th century BC, when demolition
and infill of the Neolithic structures marked the first Iron Age phase (3); evidence for
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structures in this phase was ephemeral, but it probably included a well and several houses.
The subsequent Iron Age phase (4) marked the inception of a wall-faced rampart-andditch-enclosed settlement, within which at least 3 houses were built. These were replaced in
phase 5 by a round-house-type structure, built over the remains of the Neolithic stalled
tomb; the tomb, enlarged and with a pillar-supported stone-slab roof, was incorporated into
the round-house morphology as an earth-house, connected via a shaft and steps, and
provided with a drain (figures 4.10 & 4.11). The roundhouse entrance had at some stage
collapsed into this drain, crushing two human individuals below (Ballin Smith 1994: 19).

Figure 4.10: Howe phase 5 earth-house; detail (a) (Ballin Smith 1994: 14; Illus. 17).
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Figure 4.11: Howe phase 5 earth-house, roofing slabs removed (Ballin Smith 1994: 15; Illus. 18a)

Radiocarbon dates for the round-house suggested it was built sometime within the 4th and
3rd centuries cal BC (Ballin Smith 1994: 29-35). The first evidence for barley cultivation
was found in phase 3; bioarchaeological floral evidence from phases 4 & 5 included wheat,
heather and willow, while animal remains included cattle, sheep, pig, red deer, dog and
cetacean material. Red deer were suggested to be the most important food species (Smith
1994: 147); elevated numbers of bovine neonate mandibles were suggested to have
probably been the result of inefficient husbandry practices, exacerbated by the harsh
climate, rather than milking, although this was not precluded, nor was the use of cattle for
hides, transport and traction (Smith 1994: 151).

Periodic partial collapse of the round-house structure may have provoked the additional
provision of broch-type structures, brochs 1 & 2, in phases 6 & 7. Broch 1 had 2 guard cells
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and 2 intramural staircases. The site was subsequently cleared in phase 7 and the larger
second broch (2) built, accompanied by 6 houses and accompanying yards, sometimes
partially-roofed; this period was dated to the 1st to 4th centuries cal AD (Ballin Smith 1994:
39-40) (figure 4.12).

Figure 4.12: Howe – early phase 7 broch 2 and settlement, showing yards (=y) (Ballin Smith 1994: 41; Illus.
23).

Environmental evidence in phase 7 showed that the agricultural economics of the site were
again mixed pastoral/arable, with naked 6-row barley recovered, together with the bones of
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cattle, sheep and pigs. Evidence for hunting animals and birds, fishing, and the gathering of
wild plants, such as skull-cap, dead nettle, sheep’s sorrel and lesser celandine, possibly for
medicinal use (Dickson & Dickson 2000: 101), and shellfish, indicated that agriculture was
supplemented by hunting/gathering. The presence of dung within two of the buildings
indicated the presence of animals, hence the buildings may have been partially used as
byres; one dung sample found with adherent straw is suggested to have been from a milkfed calf (Dickson 1994: 126-127). The house-yards were also probably used in part for
animal occupation, perhaps stalled through the winter (Smith 1994: 149), as well as other
activities. The resultant accumulation of animal dung was inferred to have been used for
manuring outlying fields (Smith 1994: 149). The possible existence of byres could indicate
that bovine milking was carried out at Howe; the site report states that milking of cattle or
sheep may have been performed. However, the heavy toll of calves, as indicated by the
mortality profiles, is not used to support the argument; instead, the author speculates
whether prolongation of lactation in cattle was worth the effort (Smith 1994: 151). This
may have been inferred from a decline in cattle numbers from phase 7 to phase 8, while
sheep increased in number.

Inherent instability of the broch structure probably led to the final transformation of the
settlement into a farmstead, where the north-eastern house was reused as the focus of a
cluster of yards; part of the broch structure remained in use, though only partially roofed, as
an iron-working shed or smithy (phase 8). Bioarchaeological evidence from phase 8
showed a diversification of arable agriculture reflected by the introduction of flax, hulled 6row barley and possibly oats, while faunal data showed that red deer hunting further
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declined and sheep became increasingly important (Ballin Smith 1994: 91). Final collapse
of the south side of the broch probably led to abandonment of the site.

Iron-working was demonstrable at Howe, in the north-eastern building, by the presence of
slag from phase 5 onwards, although it was inferred to have been sporadic and domestic in
scale (McDonnell 1994: 232). Over 17,000 potsherds were found in stratified contexts; in
phase 7, straight-sided bucket-shaped ceramic vessels and wide- and narrow-necked jars
with diameters of up to 340mm (Ross 1994: 241) could feasibly have been used for
dairying activities such as milking or storage.

In general, animal bone analysis revealed a heavy bias towards neonates in all the domestic
species; this was ascribed to poor husbandry rather than early kill-offs, although early
killings may also have been influenced by a desire to accumulate softer juvenile hides. The
possibility of overwintering stock was suggested to have been dependent on the collection
of hay, heather and seaweed, possibly supplemented by chaff. As mentioned, difficulties in
animal husbandry in the earlier phases 5/6 were inferred by the recovery of an extensive
amount of red deer material compared to the domesticates, indicating the importance of this
species as a food resource, and the importance of hunting in the palaeoeconomy of the site.
The diachronic decrease in numbers of red deer may be more a reflection on a decline in
the island population of the species, rather than a decline in its economic importance.
Pathological investigations of red deer remains have indicated inbreeding; this, and the
probable incursions over time into their wood/scrub habitat by an expanding human
population in search of fuel may have led to the species’ decline in later phases (Smith
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1994: 148-149). This may then have been reflected in an increase in the importance of the
domesticate species, sheep in particular increasing markedly in numbers in the later phases.

The bone assemblage is currently in the care of the Orkney Museums Trust; access was
gained for this study by the kind co-operation of Anne Brundle, Curator of Antiquities. 191
bovine mandibles and loose teeth were borrowed from the assemblage for study at
Bradford.

4.5: Study Site 4: Toft’s Ness, Sanday.
The site, which was excavated between 1985 and 1988, is on a peninsula at the northeast
end of the island of Sanday, and was occupied from the Neolithic to the Early Iron Age
(figures 4.9 & 4.13). This excavation was on a smaller scale to that at Pool (section 1.3) at
the opposite end of the island; however, the settlement zones examined could be related to
contemporary land surfaces, which enabled easier interpretation of the exploitation of the
landscape through time, via a range of specialised bioarchaeological methodologies
(Dockrill 2007: 1).

The first focus of the excavation was on the south-east corner of mound 11 (figures 4.13 &
4.14), where the occupation sequence was differentiated between Neolithic (phase 1), Late
Neolithic (phase 2), and Early Bronze Age (phase 3) via occupation and abandonment of
structures and pottery typology (Dockrill 2007: 13-32). Midden deposits were dominated
by reddish ash, probably related to the burning of iron-rich turf as fuel, but gave better
preservation of bone in the Neolithic phases than at Pool (Dockrill 2007: 33-34).
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Figure 4.13: Detail of Toft’s Ness peninsula (Dockrill 2007: xiv; illus. 1.2).
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Figure 4.14: Mound 11, Tofts Ness, showing SE and NW excavation areas (Dockrill 2007: 13; illus.2.1).

The Neolithic phase related to a sub-circular structure (structure 1) and associated ash and
midden tips. Potsherds from the Neolithic phase were mainly undecorated, in contrast with
the contemporary grooved ware assemblage at Pool. The worked stone assemblage
consisted of Skaill knives and cobble tools. Midden deposits from phase 1 were dominated
by fuel ash and limpet shells (Dockrill 2007: 23, 32-33).

The Late Neolithic phase (2) at Tofts Ness was represented by the infilling of structure 1
with midden material. No structures were associated with this phase, which was hence
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regarded as an abandonment phase for mound 11. Different pottery forms were found in
phase 2, with some sherds bearing incised line and cord decoration (Dockrill 2007: 32-33).
Midden deposits contained more animal bone than phase 1, including the majority of the
articulated skeleton of a bull, which showed signs of pathology compatible with its use for
traction (Dockrill 2007: 34), possibly worked as one of a pair, since there was marked
asymmetry in the spine. The unusual articulated state of this skeleton, without smashed
long bones for marrow extraction, as seen in similar bovine material from this context,
made this an unusual find, whose deposition may have had some ritual significance at the
time (Bond 2007c: 200-201).

Phase 3 was associated with structure 2, of possibly cellular morphology. Material culture
from midden deposits was similar to phase 2. Some potsherds were suggestive of Beaker
pottery in rusticated form (Dockrill 2007: 32).

Adjacent buried soils, often sealed by later midden deposits or wind-blown sand, revealed
ard-marks from the Neolithic phase onward, and evidence for manuring. The presence of
hulled barley and under-ripe grain in midden deposits in these three phases may be a
reflection on the marginality of the site, with grain harvested early as an insurance strategy.
The palaeoeconomic survival strategy for settlers around mound 11 in this period seemed
to consist of barley cultivation, animal husbandry and hunting for fish and birds (Dockrill
2007: 37-38). In the animal bone assemblage cattle represented about 40%, sheep around
50%, and pigs less than 10%. The proportion of cattle was less in phase 3 than in phases 1
& 2 (Nicholson & Davies 2007: 175-176).
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The north-east section of mound 11 (figure 2.14) revealed deposits associated with the Late
Bronze Age (phase 4) and Early Iron Age (phase 6). Both phases 4 and 6 were associated
with structures; structures 3 and 4 for phase 4 and structure 5 for phase 6. Phase 5
represented a sand-blow event delineating the abandonment of structures associated with
phase 4 (Dockrill 2007: 41-44).

Structures 3 & 4 consisted of the sectional remains of a small oval structure containing a
rectangular stone-lined tank, and a larger round-house structure with two concentric walls
and radial orthostat settings (Dockrill 2007: 45-47). A Late Bronze Age date was diagnosed
through associated potsherds of types typical of the period for the Northern Isles area.
Under-ripe barley was again recovered from midden deposits in phase 4, and associated
buried extra-mural soils indicated some manuring, predominantly with ash and dung,
though not cattle faeces, which was probably dried and retained as a fuel resource. Animal
bone recovered from phase 4 contained cattle material dimensionally much smaller than
that of the earlier Neolithic phases (Dockrill 2007: 81-82).

Phase 6 was represented by another round-house structure (5), smaller than structure 4
though more intact, with walling surviving to a height of 1.5 m. The interior was divided
hexagonally with radial orthostats, possibly delineating areas of domestic activity. The
presence of a drystone annex may represent the provision of a byre or cattle refuge
(Dockrill 2007: 76-78; figure 4.15), which could have important implications in terms of
cattle health and welfare.
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Figure 4.15: Possible reconstructions of Tofts Ness structure 5 showing annex facility interpreted as cattle
byre or refuge (Dockrill 2007: 78; illus 3.42).

120
Phase 6 was provisionally dated to the 1st century AD by a combination of techniques;
characteristic pottery types from the Late Bronze Age/Early Iron Age were also found.
Worked stone was again represented by Skaill knives and cobble pounders, although the
prevalence of the latter indicated that there was an increasing tendency to process
foodstuffs. Barley appeared to be less common in phase 4 when compared to phase 6, while
manuring by the deposition of decomposing organic materials was again noted; this would
have been increasingly necessary in order to mitigate the increased sandy constituent of the
extramural soils. Osteological evidence indicated an increasing emphasis on sheep in the
Early Iron Age, while cattle mortality showed a higher proportion of juvenile deaths
compared to earlier phases. Long bones were again routinely found smashed, indicating the
continuing exploitation of marrow as a resource (Dockrill 2007: 81-82). Several cattle
mandibles showed signs of calculus, indicative of poor diet. Based on evidence of fusion in
the long bones, it was estimated that the death rate for newborn and neonate calves over all
periods was around 23%, while 18% died at around 12 months, with only 39% survival
later than this, indicating a mixed meat/milk exploitation pattern in a small breeding herd
(Nicholson & Davies 2007: 177).

An overview of the cattle osteological data from Tofts Ness for all phases, based on tooth
wear analysis, showed similar survival rates compared to other Orkney sites, reflecting an
increasing diachronic emphasis on dairying from the Neolithic to the Early Iron Age. This
was demonstrable by the increasing proportions of neonatal animals found. It was
suggested that up to 50% of the newborn calves could have been slaughtered in early
spring, once lactation was established, providing a useful dietary supplement at a lean time
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of the year; the economic basis being that milk direct from the cow gives a higher calorific
return than would meat from a calf reared from the same amount of milk. These findings
were reinforced by the contrasting survival rates of neonate lambs through time from the
same site; where neonate cattle deaths increased in proportion (50% stage 1 calves (up to 1
month) at phase 4; 31% at phase 6) neonate sheep numbers remained low ( 0% stage A
lambs (up to 1 month) at phase 4; 2% at phase 6). Had the early calf deaths been nonanthropogenic, being caused by disease, environmental stress or adverse nutrition, it was
argued that cattle would have shown a similar pattern to sheep (Serjeantson & Bond 2007b:
202-206; tables 6.3.3.1 & 6.3.3.2). However, these conclusions were based on small
populations: for cattle phase 4, n(total)=4; phase 6, n(total)=13; for sheep phase 4,
n(total)=12; phase 6, n(total)=42.

The bone assemblage, held until recently at the University of Bradford, where access was
gained for this study, is now conserved on Orkney; 48 cattle jaws, loose dP4 premolars and
M3 molars were examined.

4.6: Study Site 5: Earl’s Bu, Orphir.
The visible structural remains visible at Earl’s Bu, on the north side of Scapa Flow (figure
4.16), consist of the remains of a number of different phases, all from the Late Norse
period, including fragments of a round church and probable Norse hall. These were
excavated in the 1930s, before bioarchaeological analysis became available. However in
1978 the local farmer drew attention to a feature adjacent to the site consisting of a stonecapped tunnel, leading west-east. This was first interpreted as a souterrain; on excavation in
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1988-1989, to the west, the tunnel was found to disappear into a deep bank of midden
material from the Late Norse period, presumably in part dumped from the south where the
agglomeration of structures, including the Earl’s Hall mentioned above, was sited.
Excavation of this midden material exposed an expansion of the tunnel into a chamber-like
structure (Batey & Morris 1992: 33). A full site report of this excavation, including faunal
analysis, has yet to be published. The following details were based on data from initial
papers reporting the site and an initial assessment of the faunal data (Mainland 1995).

Figure 4.16: Location of Earl’s Bu (Batey 2003: 30; illus 7).

Interpretation of the structure proved problematic at first, but was finally diagnosed to be
the under-house of a horizontal, or Norse, water mill (figure 4.17). Surviving walls attained
a height of 1metre; however, the remains of an associated upper house, which would have
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contained the mill wheel and associated milling floor, were entirely absent, the fabric
probably having been robbed for re-use elsewhere. A possible reconstruction is shown in
figure 4.18. The mill and its operation were discussed in a further article (Batey 1993).

Figure 4.17: Plan of remains at Earl’s Bu excavation showing site of ‘farm mound’ midden, including
reconstruction of mill wheel and ancillary head race (Batey & Morris 1992: 35; figure 2)

124

Figure 4.18: Reconstruction of horizontal mill at Earl’s Bu shown in horizontal section. Dotted line shows
surviving structure (apart from reconstructed mill wheel) (Batey & Morris 1992: 37; figure 4).

Midden material infilling the under-house was found to contain large amounts of bone from
the domesticates: cow, sheep, pig, goat and horse, together with domestic fowl, goose, dog
and cat (the latter two species in unusually large amounts); also many wild mammal,
cetacean and avian species, including rabbit, otter, grey seal, whale, Orkney vole, house
mouse, wood mouse, pygmy shrew, rock dove/pigeon, pheasant, eagle, crow, raven, duck,
cormorant and puffin (Mainland 1995). Large amounts of fish bone were also found.
Domesticate plant remains were dominated by oats, together with 6-row hulled barley and
flax. Artefacts included material of probable Late Norse date. Contexts below the mill
revealed that it was bedded on earlier Norse material, deduced by artefactual types of, for
example, beads.

As mentioned, the Earl’s Bu site complex (figure 4.19) had been the subject of excavations
in the past; the earliest in 1758, but the earliest records are from 1859, when the whole site
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was reported to be covered with debris to a depth of 5 feet (1.5 metres), much of it midden
debris as recorded by George Petrie concerning some excavations close to the outside of
the churchyard wall: “…we picked up among the debris large quantity of bones of
domestic animals, such as the horse, ox, sheep, swine, dog and cat, but the remains of the
two latter animals, especially the dog, were by far the most abundant” (Petrie 1859: 28-29;
quoted in Batey 2003: 41).

Figure 4.19: Location map of Earls Bu site complex showing areas where geophysical survey have taken
place; the excavation of the horizontal mill was located in trenches A-H, seen at the centre of the map (Batey
& Morris 1992: 39; figure 6).
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The majority of faunal material was from deposits overlying the horizontal mill structure,
hence from the Late Norse period; a smaller proportion of material from earlier Viking
deposits was found underlying the mill.

The assemblage is currently held at the University of Bradford, where access was gained
for this study. 34 cattle mandibles and loose teeth were utilised.

4.7: Study Site 6: Snusgar, Sandwick.
The site at Snusgar, known locally as the ‘Castle o’ Snusgar’, consists of a series of large
mounds in the north-east of the Bay o’ Skaill, Sandwick, Mainland. This was the find-site
of a silver hoard in 1858. Annual excavations commenced in 2003 in an attempt to discover
a supposed Norse fortification, focussing on features revealed in a magnetometer survey
(Ewens & Mainland 2006: 2), and to understand how the landscape had developed in
relation to the bay, which also contains the Neolithic site of Skara Brae (figure 4.20).

Investigation of the castle mound revealed midden deposits, soil and layers of sand-blow, a
particular problem in the area. Bone preservation conditions were good, and a large amount
of animal bone recovered, with some fish bone from lower layers. In 2005, an adjacent
mound revealed a stone structure with a flagged corridor and orthostats as possible room
dividers or ‘furniture’ (RCAHMS; Turner 2006: 98). Material culture finds included a
crutch-headed pin, possibly 10th century and made in Dublin, and steatite fragments,
attributable to the Norse era (Towrie 2006).
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Further excavations indicated continuous occupation through the Viking period, with
structures altered and rebuilt over the centuries. More recently, three buildings have been
distinguished, including part of a longhouse, with a byre-end with a stone walkway,
divided from the human occupation end by a wall. Animal hoof prints were distinguishable
in the intact floor (Pitts 2008). It has been suggested that the ultimate abandonment of the
site was due to sandblow incursion causing deterioration of the soil at the end of the
Mediaeval Warm Period (Towrie 2007a).

Figure 4.20: Map of Bay of Skail, Sandwick; the Snusgar excavation site is shown by the asterisk to the
north-east of the bay (around map reference 198234) (Orkney Mainland: Ordnance Survey 2003: Landranger
1:50000 scale Map 6).
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More than 3000 fragments of animal bone have been recovered so far; mammal species
identified include cattle, sheep/goat, pig, horse, red deer, dog, cat, rabbit, whale and seal,
while avians were represented by domestic fowl, guillemot, gannet, cormorant and pigeon.
Cattle were the dominant species (n=835 fragments); roughly twice as much bovine
material was found compared to ovine/caprine (n=488). However, too few bovine
mandibles and loose teeth were recovered to form any firm conclusions about animal
exploitation strategies (Ewens & Mainland 2006: 3, 7-8).

Excavations are currently ongoing, together with bioarchaeological investigations on
environmental material. The animal bone assemblage is currently (2009) held at the
University of Bradford, where access was gained for this study; 17 mandibles and loose
teeth of bovine origin were analysed.

4.8: Archaeological control site 7: The Bedern, York.
Material from this contrasting site, where exploitation inferences on a cohort of bovine
neonate material differed markedly from the Orkney paradigm, was included in the study
as a ‘process control’, as discussed above in section 4.0. The assemblage chosen was
recovered from urban mediaeval collegiate deposits at ‘The Bedern’ area in York, around
100 metres south-east of the Minster, excavated in the 1980s. Structural remains consisted
of the Bedern Chapel and a stone and timber mediaeval hall, the only buildings surviving
of the College of the Vicars Choral of York Minster, which was established in 1252 (Hall
1999: 315).
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Prior to construction of the college, the Bedern site had been subjected to light agricultural
use (period 1). Successive phases of building followed the establishment of the Vicars
Choral in the later 13th century, consisting of a Great Hall (period 2), a second hall, with a
smaller structure behind (phase 3), and further buildings towards the south-west end
(period 4). The Chapel was built in the early 14th century (period 5); in the later 14th
century, the hall was rebuilt and separate residences provided for the vicars on the south
west side (period 6). A period of consolidation and much rebuilding in stone followed
(period 7), but from the mid 15th century to early 17th century there was less new building
as the Vicars lived away and sub-let their houses (period 8). In the post-mediaeval period
the site deteriorated into a slum (period 9) (Hall 1999: 317-318).

The animal bone assemblages came from periods 2-6, from the mid 13th century to the late
14th century, covering the main collegiate period. The majority of the assemblage
consisted of the three main domesticates: cattle, sheep and pigs, with cattle accounting for
42.3% of identified mammal and bird bone. Animal bone analysis was carried out by S.
Scott in 1985 and the assemblage was later reanalysed by J. Hamshaw-Thomas in 1994
(Hamshaw Thomas 2001).

Both researchers observed a distinct age distribution among the bovine mandibles
recovered from the assemblage: one young group of 15 individuals, approximately 2-6
months old, and another elderly group of 10 individuals. Hamshaw-Thomas (2001: 623)
and Scott both interpreted this distribution to indicate organised dairying and the
exploitation of surplus male calves for veal or calf-skin, (the latter perhaps inferred from
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the clerical context). Hence they were definite candidates for slaughter, rather than having
died a ‘natural’ death. Table 4.1 shows the age classifications of cattle material recovered
from the larger York mediaeval assemblages. The cohort of 15 juvenile individuals, from
which the samples for study were taken, is recorded under the Collegiate period from The
Bedern.

Table 4.1: Excavations from mediaeval sites in York: division of bovine material into age categories (Bond &
O’Connor 1999: 384).

KEY: N=newborn; J=juvenile; I=immature adult; A=adult; E=elderly.

For the purposes of this study, 8 of the mandibles and mandible fragments from the
‘juvenile’ group of 15 from table 4.1 above, were used for analysis, with the kind help and
co-operation of Andrew Middleton, Curator of Archaeology, the Yorkshire Museum. These
elements were age-diagnosed using the same procedures as the Orkney material.
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CHAPTER 5: THE AETIOLOGY OF BOVINE FOETAL AND
NEONATAL DEATH

5.0: Introduction
By attempting to improve the precision of age diagnosis at a very early stage, this study
should enable more detailed speculation concerning the fate of neonate calves in each of
the archaeological contexts: whether, in most cases, this was determined by the economic
decisions of early farmers, or whether the deaths were attritional, caused by disease, poor
nutrition or poor husbandry. Any improved precision in age diagnosis might enable more
precise inferences as to the possible cause of death: for example, calf foetuses succumb to
abortifacient aetiologies; there would be little likelihood of deliberate slaughter.

In this chapter, various bovine foetal abortifacients and neonate diseases are discussed,
particularly those having relevance to the Orcadian archaeological contexts. The
importance of adequate colostrum consumption is emphasised in the prevention of postneonatal (juvenile) calf death, especially where animals are separated from the dam or
given artificial feeds, both of which practices may be associated with dairying, in order to
maximise milk production for human consumption whilst maintaining the calf alive for
veal or more mature meat, traction or breeding purposes, or as a potential dairy
replacement.

The pathogens mentioned are probable modern correlates to ancient disease; there is little
evidence at present for these, as they are usually confined to soft tissue, normally
unavailable in archaeozoology. Even a disease such as brucellosis, which can ultimately
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produce bone lesions, will not affect neonates in this way, due to the relatively sudden
onset of the disease and short life of its victim. Hence discussion will be speculative,
however, techniques such as the isolation and amplification of ancient DNA may lead to
the future identification of human and hence veterinary diseases of the past (for example,
Jones 2001; Greenblatt & Spigelmann 2003). Discussion is also limited to bacterial and
occasionally viral diseases; parasitic infections, such as lungworms and stomach worms,
though likely to have been widespread in the past, tend to have a delayed effect, causing
death in calves beyond the neonate stage.

5.1: Bovine neonatal death
This topic can be split into three possible events: abortion, stillbirth, and neonate (i.e. early
post-natal) death; each have their own raft of common causes. The ‘foetal-neonate
mortality syndrome’, discussed further below (Canant 1984: 929), however, embraces
interrelated aetiologies which may all contribute towards death of the calf. Before
discussing specific aetiologies, the microbial ecology of the calf will be described; since
micro-organisms are integral to the metabolism of the adult ruminant, mechanisms for
establishing a balanced microbial flora must be instigated in the infant.

5.1.1: Foetal and neonatal calf ecology in health and disease
The healthy bovine foetus normally has no resident microbial population up to the time of
its birth. During parturition it acquires an assortment of micro-organisms by inhalation,
swallowing and upon its external surface from the birth canal and vulva of the dam. These
are reinforced by organisms encountered by the foetus in the immediate environment of the
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dam, from, for example, faeces, soil, herbage and air. Organisms which find a suitable
microenvironment upon or within the foetus begin to multiply rapidly, and enter complex
competitive relationships with other colonisers (Duerden et al. 1993: 29).

Within hours of birth, the calf will have acquired a ‘normal flora’, a stable, balanced,
interdependent combination of species, virtually all bacterial. In fact, there will be a
number of different normal florae, since some microenvironments, by virtue of their
specific qualities, such as nutrients, temperature, or pH levels, will be favoured by some
organisms over others. Hence, for example, the respiratory tract, skin, genital region and
small intestine will each be favoured by different rafts of bacteria (Duerden et al. 1993:
29). These resident normal florae do not usually cause symptoms of ill-health and are in a
state of symbiosis, whereby parasite and host derive benefit from each other, to the
detriment of neither. The normal flora receives nutrients, warmth, mobility and protection,
while the host has an extra defence against pathogens: sheer numbers of resident organisms
in competition for limited localised nutrients achieve this by starving-out potential invaders
(Linton 1982: 32-33), a process known as competitive inhibition. In some animal hosts,
such as the bovine, the normal flora within the adult host gut can synthesise nutrients and
vitamins, and also digest plant cellulose, to mutual benefit, since the host animal may itself
be unable to produce the appropriate enzymes (Linton 1982: 36-37).

In health, the internal tissues of the animal host, such as blood, organs and muscles, are free
of microorganisms. However, the exterior surfaces, such as the skin and some mucous
membranes, and also some internal surfaces in the alimentary and respiratory systems may,
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together with the normal flora, harbour quite high numbers of potentially pathogenic agents
(Baker & Brothwell 1980: 27). In normal circumstances these are unable to establish
themselves, due to host defences and competitive inhibition by the resident organisms, as
described.

In disease, the balance of the host-parasite relationship is disturbed, and begins to damage
the host, although the causative parasite may also be altered in the process. The parasite can
now be termed fully pathogenic, and the pathogenicity of a parasite has three components:
transmissibility, the means by which it reaches a new host, infectivity, the ease with which
it can colonise or infect the new host, and its ability to cause damage to its new host
(Duerden et al. 1993: 32). In order to achieve this, a pathogen must first invade an
appropriate entry portal, such as the alimentary canal, must be able to multiply within or
upon the host tissues, have the capability of producing damaging products, such as endoand exotoxins, and finally be able to resist the host’s defence mechanisms (Duerden et al.
1993: 37-38). Host internal or external tissues may be invaded, causing physiological
changes, as the pathogen seeks to utilise body tissues and fluids as sources of energy and
nutrient in the manufacture of its own cellular constituents.

Meanwhile host defence mechanisms may be activated, resulting in further physiological
effects on the host, such as pyrexia. Specific immunity in the form of antibodies may also
develop under the antigenic stimulus of the pathogen. These physiological and antigenic
responses can cause the invader to respond by altering its metabolism, perhaps producing
toxins, while individual organisms within the pathogen population that are more resilient in
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the face of the host defences may be selected by virtue of the death of other competing, less
resistant cohorts. These survivors will multiply, eventually increasing the virulence of the
attack (Linton 1982: 49).

Where disease is successfully repulsed by the host defences, a secondary response can be
quickly mounted for any future infection by the same pathogen, via specific circulating
antibody produced to repel the first attack which can be immediately deployed, and the
production of more antibody swiftly initiated. However, the persistence of this secondary
response may depend on continued intermittent exposure to the pathogen throughout life,
as immunity wanes with time till eventually the host becomes again susceptible to infection
(Baker & Brothwell 1980: 27).

Where the host is overcome and dies as a result of the infection, the pathogen is also
ultimately defeated, as a dead host is usually unable to provide the ecological environment
necessary for its survival, transport and replication. This can be countered by the parasite
through the invasion by infection of other host individuals, via such modes of transmission
as physical contact, aerosols, body fluids or insects. In multi-host pathogens, the ability to
attack varying species is a further advantage to parasitic dissemination, which may involve
consumption of the infected carcase by predators or scavengers, including humankind.

Pathogenic diseases result from a disturbance of the host-parasite equilibrium caused by
host stress, trauma, malnutrition, or a mutation of the micro-organism which allows a
previously innocuous parasite to transform into an opportunist pathogen, with a
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concomitant infection capable of overwhelming compromised host defences. Some strains,
breeds or sub-species of host animal are particularly susceptible to a disease, while others
are resistant. Some diseases are host-age-related, being almost wholly confined to young
individuals, for example, while accumulating age confers immunity, in the absence of an
appropriate antibody-mediated immune response (Baker & Brothwell 1980: 27).

5.2: Bovine abortion
Abortion is the expulsion of the foetus before the end of pregnancy. Bovine abortion can be
induced by a wide range of factors; sometimes the cause, and associated foetal death, may
precede the manifestation, foetal expulsion, by many weeks. An abortion rate of 3-5% of
pregnancies is considered ‘normal’ (Boyd & Gray 1992: 469) for first-world cattle herds.
Currently, non-infectious causes account for a large majority of abortions; these include
severe malnutrition or starvation, which can cause abortion at any stage of gestation,
together with nutritional deficiencies such as of iodine, which can lead to hypothyroidism.
The most common aetiologies for abortion that appear currently in the UK are summarised
in table 5.1, and are discussed below. Where the abortifacient can be related to the Orkney
archaeological study contexts, this will be indicated and discussed. Certain aetiologies,
such as pine-needle poisoning, are uncommon currently in the UK, but are included as this
may have been a possibility in the past. In other cases, such as neosporosis, the aetiology
appears to be of fairly recent origin, although this is difficult to establish definitively.
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Table 5.1: Common aetiologies of bovine abortion in the UK (from Boden, 2001:1).
CAUSE
‘Mummification’
Maceration
Hypothyroidism
Trauma/stress
Malnutrition
Vitamin A deficiency
Twin foetuses
Infection:

AGENT

SPECIES

Viruses:

Bovine Virus Diarrhoea (BVD)
Infectious Bovine Rhinotracheitis (IBR)
Chlamydia psittaci
Coxiella burnetti
Salmonella dublin
Brucella abortus
Bacillus licheniformis
Arcanobacterium pyogenes
Listeria monocytogenes
Leptospira hardjo
Campylobacter fetus
Aspergillus fumigatus
Neosporum caninum
Trichomonas fetus

Chlamydia:
Rickettsia:
Bacteria:

Fungi:
Protozoa

5.2.1: Causes of abortion: Brucellosis
Brucella abortus is the causative organism of the epizootic condition known as contagious
abortion (Bang’s disease) which is currently endemic among cattle almost world-wide.
Brucellae are obligate parasites, and characteristically locate intracellularly (Jawetz et al.
1987: 265). Cows are inoculated with the disease through coition, inhalation or ingestion of
foetal fluids, or via aerosol through the conjunctiva. B. abortus can also penetrate intact
skin. The organism can survive phagocytosis by polymorph neutrophils in the primary
immune response of the host, and disseminates widely via the lymphatics, targeting lymph
nodes, udder, spleen, liver, joint capsules and bone marrow. Infection by the bacterium
typically results in the formation of granulomatous nodules, consisting of epithelial and
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giant cells, with central necrosis and peripheral fibrosis (Jawetz et al. 1987: 265).
Inflammatory arthritis and hygromas associated with B. abortus infection have been
reported in Zebu cattle in Sudan (Musa et al. 1990). A predilection for the saccharide
erythritol causes massive agglomerations of bacteria in the placenta during pregnancy,
where this substance is synthesised, as well as in the foetus and amniotic fluid. Similar
concentrations occur in the testes and seminal fluid of infected bulls, where erythritol is
also present (Boyd & Gray 1991: 471).

Infection of the pregnant cow causes chronic inflammation of the uterus, especially of the
mucous membranes. As a result, an exudate forms between the foetal and uterine
membranes, particularly at the cotyledons, the points of attachment between them. These
become necrotic, and abortion occurs from around the fifth to eighth month of gestation
(Boden 2001: 70-71). However, sometimes, infected cows can produce a live, apparently
normal, full-term calf. Subsequent pregnancies can run to term although the cow may abort
during the second or third. All foetal material, uterine discharge, placental membrane,
aborted foetuses and freshly-born live calves are potential sources of further infection;
infected milk can transmit the disease to human consumers, where infection is expressed as
‘undulant fever’, a chronic, debilitating, pyrexial influenza-like illness. Bovine abortion
rates in infected herds can reach 90% (Andrews 1986: 199).

The organism can persist on pasture for up to 100 days in winter and 30 days in summer,
although it is susceptible to heat and sunlight (Andrews 1986: 199). Aborted cattle may
retain all or part of the foetal membranes, which results in a reddish-brown vulval
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discharge which may persist for two weeks or more. Uninfected animals may become
inoculated by contact with this or by asymptomatic carriers, which tend to retain the
organism in their udders (Boden 2001: 70-71). Alternately, a lack of hygiene on the part of
the stockman may result in a human vector for disease transmission.

Irish law-texts of the seventh and eighth centuries AD list adbach in legal commentaries as
an infectious disease of cattle, whose manifestation is ‘dead-calf’ (marblaogh). The
causative disease has been inferred as brucellosis. Abortion (forláeg) gave the buyer no
claim against the seller of the cow, being treated as an act of God (dífoichid Dé), on the
grounds that the cow’s pregnancy (indláegus) ‘is made with too much wetness’ (Kelly
2000: 200).

It seems reasonable to infer that bovine abortion due to brucellosis occurred in antiquity,
and because of possible contact between Scotland, Ireland and elsewhere, which probably
involved the trading or other transfer of cattle, that the disease was present in Later Iron
Age and Norse contexts in the Scottish North Atlantic region. Brucellosis was eradicated in
the mainland UK cattle herd in 1979; sporadic outbreaks occurred in Scotland and
Cornwall in 2003 & 2004. In 2007, however, 30 isolations of Brucella abortus were made
from bovine foetal material in government laboratories; the peak of outbreaks was in April
(DEFRA 2009).
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5.2.2: Causes of abortion: Aspergillosis
Aspergillus species is the most likely cause of fungal abortion, although Mucor and Absidia
species have been implicated, together with yeasts of the genus Candida. These fungi are
saprophytes, and occur commonly in mouldy hay. Most abortions occur from January to
March in the northern hemisphere in housed, fodder-fed cattle, usually after a wet June.
Abortion rarely occurs in outwintered animals at pasture all year round (Andrews 1986:
205). Sporadic abortions occur commonly in the third trimester. When Aspergillus species
is the causative organism, the foetus is expelled soon after its death, or a live calf may be
born which dies soon afterwards. With nonseptate fungi, such as Mucor species, expulsion
of the dead foetus is usually delayed 24-48 hours (Kirkbride, 1990: 138).

Inhaled or swallowed fungal spores, once in the tissues, cause local necrotic lesions and
abscesses, and form hyphae, from whence more spores are produced, carried
haematogenously to organs such as the uterus (Boden 2001: 28). The placenta becomes
thickened and necrotic, and in around 25% of cases, this leads to trans-cotyledonal spread
to the foetus, which may show skin plaques of fungal origin, and mycelium in the foetal
stomach contents (Boyd & Gray 1991: 472). The skin of the aborted foetus appears
wrinkled, giving it an emaciated, dehydrated appearance. This can be attributed to a
prolonged deprivation of nutrients provoked by fungal placentitis (Kirkbride 1990: 139).

Mycotic abortion may have been particularly relevant to the Orkney archaeological
contexts in question, where keeping fodder dry was likely to have been problematic in
weather conditions where the extreme oceanic climate produced rapid variations of rain,
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cloud, wind and westerly storms (Hanssen Kalland 1982: 89). Insecure, draughty storage
permeable to rain would also contribute to hay spoilage. As mentioned above, fodder
stocks taken in a typically damp summer would be likely to be heavily loaded with fungal
spores by the time they were required for consumption, and cattle overwintered indoors
given such feed would have proved susceptible to infection and subsequent abortion. In
early mediaeval byres the presence of accumulated dung and mouldy hay or litter (as
evidenced by the frequent provision of a second set of stone-set restraints, higher than the
first, to allow for the accumulation of dung over winter, retained for spring manure (Fenton
1981: 214)), could have also led to an atmosphere charged with fungal spores whose
inhalation might have provoked infection. 47 isolations of fungi from foetal material were
made by the Veterinary Laboratories Agency (VLA) in mainland Britain in 2007; the peak
of infection was in the late autumn and winter period when mouldy hay might have been
encountered in fodder (DEFRA 2009).

5.2.3: Causes of abortion: neosporosis
Neospora caninum is a protozoan parasite closely related to Toxoplasma gondii, an
abortifacient in sheep. Cattle are a major intermediate host of the parasite, becoming
infected by consumption of feed or water contaminated with oocysts from dog faeces, the
definitive host. Neosporosis, although first recognised as recently as 1984, is distributed
worldwide, having been repeatedly reported in Australia, New Zealand, Europe, Korea,
Japan, Thailand and the Americas (Dubey 2003: 4). There are three infective stages:
tachyzoites, tissue cysts and oocysts.
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As definitive host, the dog becomes first becomes infected by consumption of material
containing tissue cysts, probably bovine placentae or aborted foetuses. This can be inferred
from the high proportion of rural compared to urban dogs found infected. The dog may
remain clinically unaffected, or, as an intermediate host, the organism may form tissue
cysts in neural sites, and be vertically transmitted across the placenta to canine offspring.
Faeces from infected dogs will contain oocysts (Williams 2002).

Intermediate hosts, such as cattle, will develop neural tissue cysts, usually in the brain,
probably by consuming feed or water contaminated with oocyst-infected canine faeces.
These tissue cysts may then remain dormant, and the animal asymptomatic. During
pregnancy, however, the tissues cysts will develop, releasing tachyzoites, which
disseminate throughout the animal, crossing the placenta to the developing foetus. It is
thought that under normal circumstances, the immune system of the cow is sufficiently
potent to suppress the parasite. During pregnancy, however, there is a degree of maternal
immunosuppression to prevent rejection of the foetus as foreign material. This gives the
opportunity for the parasite to proliferate and be transmitted vertically to the foetus. If this
occurs at an early stage of gestation, in the first half of the pregnancy, the foetal immune
system is insufficiently developed to respond to the parasitic invasion, and becomes
overwhelmed, resulting in foetal death and abortion. At a later stage, infection may be met
with a sufficiently robust response from the foetus for the parasite to retreat into dormancy
in tissue cysts in the foetal brain, leaving the foetus superficially unaffected, though, if a
female, primed to transmit infection vertically to its own calf when eventually it becomes
pregnant. An alternative explanation is that, in response to proliferating tachyzoites
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mediated by immunosuppression during pregnancy, the balance of the maternal immune
system maintaining tolerance of the foetus is disturbed, sometimes provoking foetal death
and abortion (Williams 2002) (figure 5.1).

Figure 5.1: Lifecycle of Neospora caninum (Dubey 2003: 2, figure 1).

In its more innocuous form, therefore, whereby foetal death and subsequent abortion is not
triggered, this is an almost ‘perfect parasite’, adapted to proliferate itself efficiently by
vertical transmission through its intermediate host without reliance on the chance of
inoculation, in contrast to contact- and faecally-transmitted parasites. The host animal
suffers only minor debility under normal circumstances. Hence, despite its only recent
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recognition, which may have been due to technical inadequacies and misidentification, this
parasite appears to be evolutionarily fully developed, and its relationship with the bovine is
likely to have developed over a long period. Its association with dogs as a primary host,
particularly farm dogs, could lead to speculation that the origin of its dissemination from
primary to intermediate species came when dogs and domesticates came in close contact at
the onset of herding, and even more so following the secondary products revolution. This
thesis is supported by its worldwide distribution: if it had been a ‘new’ parasite, its origin
would be localised. Hence there is a case for this organism having been a cause of sporadic
cattle abortion in the contexts under discussion, since dog bones were a common finding in
most excavations.

Recent research has established that North American coyotes may excrete Neospora
caninum oocysts in their faeces and that white-tailed deer are natural intermediate hosts.
This indicates a sylvatic cycle of the parasite, and it is suspected that other canid-ruminant
sylvatic cycles exist elsewhere in the world acting as a natural reservoir for the parasite
(Rospyal & Lindsay, 2005). In the United Kingdom, 313 foetopathies due to Neospora
were definitively diagnosed in 2007; the peak of diagnoses (54) was in July of that year
(DEFRA 2009), indicating a relatively late onset of abortion.

5.2.4: Causes of abortion: leptospirosis
Leptospira hardjo is a member of a closely-related group of serovars (i.e. differentiable by
serological reaction) of the bacterial genus Leptospira, whose maintenance (endemic) host
is the bovine. Leptospirosis infections occur usually in warm damp conditions, and cattle
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acquire the infection from eating herbage contaminated with urine from wildlife or another
infected cow. Rats, mice, shrews, hedgehogs and voles commonly carry the organism. This
epizootic disease targets the kidneys and liver, and can give rise to jaundice, mastitis and
abortion (Boden 2001: 301). Infections commonly occur in late summer and early autumn,
with abortion supervening in autumn and winter. After penetrating the mucus membranes
of the placenta, the organism infects the foetus, and abortion commonly occurs in the last
trimester of pregnancy (Boyd & Gray 1991: 471-472). In a herd outbreak, infection rates
can reach 25% (Andrews 1986: 208). After an abortion epizootic ends, sporadic
reinfections can occur (Canant 1984: 931). Leptospiral mastitis (‘flabby bag’) can result in
the infection and rapid death of suckling calves. Rodent infestation and poor hygiene were
likely to have been typical characteristics of the Orcadian contexts in question, making this
organism a possible cause for abortion in the past. 54 foetopathies submitted to British
veterinary laboratories in 2007 were attributed to leptospirosis; the peak of isolations was
in March (DEFRA 2009).

5.2.5: Causes of abortion: juniper/pine needle poisoning
Isocupressic acid (ICA) has been demonstrated to be the active agent in juniper- and pine
needle-induced abortion by oral feeding and intravenous infusion trials (Wang et al., 2004:
238). Although the pine species implicated are primarily North American (Pinus
ponderosa, the Ponderosa pine, and Pinus contorta, the lodgepole pine), Juniper communis
is native to Britain and commonly found in shallow peats in pinewoods in northern
Scotland (Mitchell, 1974: 75). It is thought that ICA induces prolonged vasoconstriction in
the uterus, reducing normal arterial blood flow by more than 50%. The developing foetus is
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hence starved of oxygen and other nutrients. The incidence of abortion increases with
advancing pregnancy, as the larger foetus requires ever greater resources of nutrition. A
dosage of J. communis containing around 200mg ICA/kg body weight was sufficient to
induce bovine abortion within 3-4 days (Wang et al., 2004: 238).
Juniper is native to Orkney; two subspecies occur, the taller, shrubby, J. communis ssp.
communis, and the prostrate J. communis ssp. nana or alpine. The latter was widespread on
Orkney on heathland and burnsides in blanket peat. At Howe on Orkney (study site 3;
section 4.4), odd Juniper communis fruit were found from a hearth deposit in the phase 7
settlement (1st- 4th century AD) and later phase 8 farmstead (7th- 8th century AD). Charcoal
from a northern Scottish coastal broch at Crosskirk was found to contain juniper as one of
its component species (Dickson & Dickson, 2000: 95, 102).

The heath landscape of Orkney was likely to have been used, in the Viking period at least,
for year-round grazing of cattle and sheep (Hansen Kalland, 1982: 88), so it is not
inconceivable that prostrate juniper bushes were browsed by pregnant cows in winter
which may have aborted as a result. It is also possible that juniper was included as a
component of winter fodder, although this may have been taboo, if, as was likely,
knowledge of its abortifacient and other medicinal properties was held by the human
population of the time.

5.2.6: Causes of abortion: listeriosis
Listeria monocytogenes may induce no clinical signs prior to abortion; however,
encephalitic Listeriosis may sometimes precede it, with pyrexia, lethargy and unilateral

147
facial paralysis. Sequelae to Listeria species abortion are metritis and retained placenta.
The organism is a zoonotic bacterial saprophyte found in herbage, soil and sewage. It can
survive for a year in damp soil and thrives at low temperatures. Abortion is sporadic, but
mortality in the encephalitic form of the disease may be 100% if left untreated (Andrews
1986: 172-173; Canant 1985: 108). The disease is spread by infected urine, milk, faeces
and foetal fluids, combined with poor husbandry and hygiene; which may be of
significance in archaeological contexts such as those under discussion. It can also attack
other ruminants, pigs, horses and poultry (Boden 2001: 306). 32 bovine abortions were
attributed to Listeria monocytogenes in foetal material submitted for analysis in UK
(mainland) veterinary laboratories in 2007.

5.2.7: Causes of abortion: malnutrition/hypothyroidism/vitamin A deficiency
A severely malnourished cow may abort at any time during her pregnancy; this is rare in
the UK nowadays with modern husbandry practices, but may have been less so in the past,
particularly in severe winters following a poor harvest in the Northern Isles context. Iodine
deficiency is also particularly associated with premature birth and abortion; insufficiency
may be related to iodine deficient soil or the feeding of goitrogenic substances such as
brassicas. Particularly low temperatures also make heavy demands on the iodine-dependent
thyroid hormone for raising the metabolic rate to maintain body temperature (Boyd & Gray
1992: 473); this may also be appropriate contextually. Seaweed, frequently thrown onshore
by storms in the Northern Isles, may have been used as a diet supplement for domesticates,
or as a soil fertiliser. Brown seaweeds are a source of iodine, together with vitamins A, B,
C and D (Boden 2001: 464). As fodder, this may have helped to obviate the problem of

148
both vitamin A and iodine deficiency in cattle at some of the study sites in question,
particularly those adjacent to the shoreline. Large brown seaweeds, particularly
Ascophyllum and Laminaria species, have been used as a dietary supplement for cattle,
sheep and horses in Northern European coastal zones for many years (McHugh 2003:
section 9.2); feral cattle on Swona, Orkney, have been observed to forage for seaweed (Hall
& Moore 2008).

A diet of green feed usually provides sufficient ß-carotene to preclude vitamin A
deficiency; however, a pregnant cow requires at least twice the amount of vitamin needed
by a non-pregnant animal. The cow can conceive while receiving an insufficiency of
vitamin A, but the placenta will degenerate, resulting in abortion or the birth of a weak or
dead calf. Live calves receive β-carotene in colostrum for growth and general well-being,
this will be lacking if a vitamin A-deficient dam is suckled, however (Andrews 1986: 245).
22 foetopathies due to iodine deficiency were diagnosed in 2007 in UK VLA laboratories
(DEFRA 2009).

5.2.8: Causes of abortion: viral infections
Bovine Viral Diarrhoea (BVD) may be an unnoticed subclinical herd problem, hence
associated abortions may go undiagnosed; however, some abortions may follow such
clinical signs of the disease as inappetance, respiratory distress and diarrhoea, after an
interval ranging from a few days to several weeks (Bolin 1990: 121). Abortion due to
Infectious Bovine Rhinotracheitis (IBR) often follows or accompanies respiratory or
conjunctival signs of the disease: nasal discharge, with pustules and ulcers in the nasal,
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pharyngeal and tracheal mucosae, and also increased lacrimation and ocular discharge
(Canant 1985: 108). Abortion storms are common with IBR, with up to 60% of the herd
aborting, usually in the latter half of gestation. The foetal organs may display necrotic
lesions (Kirkbride 1990: 91). In mainland Britain 3 outbreaks of IBR abortion and 62 of
BVD were recorded in 2007 from bovine foetal material submitted for diagnosis; the peak
of BVD infections was in January to March (DEFRA 2009).

5.2.9: Causes of abortion: epizootic abortion
Although fairly rare in Britain, outbreaks of epizootic abortion occur sporadically and can
result in up to 20% of the herd aborting. The causative organism, Chlamydophila abortus,
is closely related to that causing enzootic abortion in sheep (and also the cause of
psittacosis in parrots). The organism is transmitted orally, probably from pasture
contaminated with foetal fluids; it then parasitises the intestines before macrophages are
invaded and the organism becomes haematogenous, passing across the placenta to infect
the foetus. Bulls may be affected, resulting in orchitis, and disease transmitted venereally
via semen. Infected cattle may display mastitis; abortion may occur after 6 months
gestation; calves may be stillborn or born weak (Andrews 1986: 203). 2 isolations were
made in 2007 associated with bovine abortion material in mainland Britain (DEFRA 2009).

5.2.10: Causes of abortion: Q fever (Coxiella burnetti)
Abortion due to Coxiella burnetti is also uncommon; infection in cattle may be
asymptomatic and abortion unexpected. The significance of Q-fever, however, is as a
zoonosis; all foetal material from an abortion is infectious to humans. A recent survey of
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cattle in north-east Scotland found 1% to have antibodies to Coxiella burnetti, indicating
some form of contact with the disease. Q fever may be transmitted via ticks (Amblyomma,
Ixodes, Haemaphysalis and Hyalomma species), although this is uncommon in the UK at
present (Andrews 1986: 210; Boden 2001: 425, 519), these species may have been
commoner in the past during climatic optima, such as during the Viking period. A single
outbreak of Coxiella burnetti abortion was recorded in 2007 (DEFRA 2009) in the UK
mainland.

5.2.11: Causes of abortion: Salmonella dublin
No clinical disease may be observed at the time of abortion, but fever, retained placenta
and metritis may follow Salmonella dublin-mediated abortion. Acute, watery, malodorous,
bloody diarrhoea may also be associated with the illness. Cattle which recover may become
asymptomatic carriers; there is another latent phase which may only manifest symptoms
when the animal is under stress. Like Q-fever, salmonellosis is a zoonosis, and foetal
tissues may be infective as well as faeces (Boden 2001: 458; Canant 1985: 108). 38
isolations of S. dublin associated with bovine abortion were made in mainland Britain in
2007 by VLA laboratories (this compares to 228 in 1995). There appears to be no seasonal
peak of infection (DEFRA 2009).

5.2.12: Causes of abortion: Bacillus licheniformis
This organism is a ubiquitous saprophyte whose normal habitat is the soil; however, it is
commonly implicated as a sporadic bovine abortifacient. It is routinely isolated from the
tissues and stomach contents of aborted foetuses. If found in pure culture, and if there are
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clinical signs such as pneumonia and placentitis, the organism may be considered
responsible for abortion (Kirkbride 1990: 17-18). It was implicated in 186 cases of abortion
in 2007 in the UK; the peak of infections appeared to be in the winter months (DEFRA
2009).

5.2.13: Causes of abortion: Arcanobacterium pyogenes
Abortion due to Arcanobacterium pyogenes is usually associated with some form of wound
as the portal of entry for the organism, although the organism may also colonise abomasal
ulcers, foul-in-the-foot, mastitis and pneumonia. Post-abortion, affected cows have metritis
and retained placenta, together with fever, elevated heart and respiratory rates, and a
reluctance to move (Canant 1985: 108). A. pyogenes is a common, though sporadic, cause
of abortion, which may occur at any stage of gestation (Andrews 1986: 202); this was
reflected in figures from 2007, when no seasonal peak occurred; 55 isolations were made in
mainland UK in bovine foetal material submitted to VLA laboratories (DEFRA 2009).

5.2.14: Causes of abortion: Campylobacter species.
There are 3 species and subspecies of campylobacter that can cause abortion in cattle:
•

C fetus venerealis is an obligate parasite of the bovine male and female genital
mucosa; infection is expressed by infertility and early embryonic death; infected
gestations rarely proceed as far as a visible abortion (Bryner 1990: 71). Infection is
usually transmitted venereally; bulls may carry the organism but remain
asymptomatic. Where abortions occur, they are usually between the 5th and 8th
month of gestation (Boden 2001: 80-81).
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•

C fetus fetus is widespread in nature and, although usually contracted by ingestion
of infected faeces and found in the intestine, liver and gall bladder, it is also an
abortifacient for cattle and sheep. It is also commonly found in poultry, and causes
acute enteritis and bacteraemia in man. During bovine pregnancy, bacteraemia
resulting from enteritis may cause infection of the uterus, and hence the placenta
and foetus. Abortion usually occurs in the 2nd or 3rd trimester, resulting from
necrosis of the placental cotyledons (Bryner 1990: 72-73).

•

C. jejuni is an occasional abortifacient in cattle; more usually it is a cause of
intestinal infection in juvenile calves.

Campylobacter abortions may be characterised by a retained foetus; some foetuses are
found with partially expanded lungs, suggesting they were alive before death (Bryner 1990:
73). 27 foetopathies due to Campylobacter species were diagnosed by the UK VLA; the
peak of infections was in January, suggesting mid-term abortions were commonest
(DEFRA 2009).

5.2.15: Causes of abortion: trichomoniasis
Infection with the flagellate protozoan parasite Trichomonas foetus is transmitted to cows
by coition with an infected bull. Clinical signs are variable: some infected cattle may carry
and deliver a live calf at term but fail to come to service afterwards; some animals may fail
to conceive and produce a mucopurulent vulval discharge with endometrial oedema, while
others may conceive, then abort at 2-4 months gestation. A roughened, corrugated
appearance to vaginal tissue may be diagnostic. Infected bulls may show no clinical signs
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apart from a swelling of the penis and reddish nodules on the penile mucosa. Abortion rate
may be 10-30% of the herd (Andrews 1986: 213; Canant 1985: 108-109).

5.2.16: Causes of abortion: ‘mummification’/maceration/trauma or stress/twin
foetuses
‘Mummification’ may follow the death of the foetus in utero; fluid is resorbed from the
foetus and amniotic and allantoic sacs of the placenta to produce a characteristic dried-upbag-of-bones effect on eventual expulsion, usually well after the expected date of
parturition (Boden 2001: 345; Boyd & Gray 1992: 478). A macerated foetus has also died
prematurely, but is then exposed to an infection, which results in degeneration. A purulent
vaginal discharge in the cow may result, which may contain pieces of foetal bone. In some
cases infection in the dam may be haematogenous, resulting in septicaemia; the prognosis
is poor (Boyd & Gray 1992: 479).

Pregnant cattle can withstand quite violent abdominal trauma without aborting; similarly
fright or stress, perhaps caused by loud noises, such as low-flying aircraft (not a problem in
the Viking era). However, a study has reported elevated cortisol levels in the dam in 17%
of otherwise undiagnosed abortions, which hints that stress may occasionally be a
contributory factor (Jerret et al. 1984: 18; Boyd & Gray 1992: 473). Another study reported
on twin foetuses, where no specific diagnosis of abortion was reached in all cases studied,
which may indicate the dams were unable to support twin gestations (Jerret et al. 1984: 18;
Boyd & Gray 1992: 473). This appears to have been the case with two of the three sets of
twins in the control assemblage of this study.
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5.2.17: Dystocia
Difficulty in parturition (dystocia/dystokia) may lead to foetal distress and stillbirth.
Around 5% of calvings in modern dairy cattle are ‘difficult’ and over-prolonged, though
this may rise to 10% in first-calving heifers (Leaver 1999: 39). Dystocia is usually the
result of the use of a mismatched bull, which sires a calf that is too big for the dam. 152
cases of dystocia were investigated by UK VLA laboratories in 2007 (DEFRA 2009).

5.3: Foetal-neonatal mortality syndrome
In some of the conditions already described the death of calves at an early age can share the
same aetiology as abortion, the so-called ‘foetal-neonatal mortality syndrome’ (Canant
1984: 929). This is a broad-brush term embracing pre-birth environmental and nutritional
problems and covers a raft of conditions including early embryonic death, abortion,
mummification, premature birth, stillbirth, neonatal death and dysmaturity. These are
conditions which currently contribute to the 70% or so of cases of abortion or neonate
death whose cause is largely undiagnosed. Animals may die soon after birth from
conditions encountered in utero, rather than through environmental factors encountered
after birth, including human intervention. Animals at this stage (in farmer’s parlance ‘poordoers’) can mount little primary immune response. For the foetal-neonate mortality
syndrome, conditions affecting the pregnant cow and its calf as a unit must be considered.
The causality is likely to be related to a combination of debilitating factors, such as adverse
environmental conditions and poor nutrition, together with low-level infections caused by
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ubiquitous contaminants such as Staphylococcus aureus, Escherichia coli or Listeria
monocytogenes.

In archaeological terms, if the same causality can be applied to these animals that survive
for a few days as aborted foetuses, then the demonstration of foetal material from an
assemblage could perhaps be used to infer that some of the neonate material from the same
context might have had a similar cause of death, and hence at least a proportion did not die
as a result of anthropogenic activity.

5.4: Neonate calf death: the importance of colostrum uptake
Avoidance of disease is obviously crucial to the neonate’s survival, especially in the very
early days of life when the normal florae may be insufficiently established to offer
competitive inhibition to any potential pathogens. The calf is also unable to offer an
adequate immune response, due to the immaturity of its immune system. Unlike human
neonates, and in common with other ruminants and also horses, calves receive little if any
transferred immunity in the form of immunoglobulin before birth, since the bovine placenta
is impermeable to protein (Andrews 2000: 1). This vulnerable stage is bridged by the calf’s
consumption of colostrum (figure 5.2).
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Figure 5.2: Transfer of maternal immunoglobulins (IgA, IgG, IgM ) in various species, showing timing of
absorption in the gut of the newborn (Guidry 1985: 230; fig. 7.1).

Colostrum is secreted by the dam for the first three or four days after birth, and has
important components which provide crucial immunological protection for the neonate.
Before calving, the dam selectively removes antibodies from her bloodstream; these are
ultimately delivered to the neonate via the colostrum. Providing the calf suckles, these
gamma-immunoglobulins become effective in its bloodstream and intestinal tract. In the
latter site, they protect against enteritis due to environmental opportunist pathogens, while
circulatory gammaglobulins will protect against septicaemia (Boden 2001: 108). Table 6.2
shows the effectiveness of colostrum intake against common pathogens of the neonate calf.
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Table 5.2: Immunological protection conferred by colostrum to the neonate calf: some common disease
agents and conditions against which resistance is conferred if enough colostrum is absorbed. Parental
immunity is circulatory, while local immunity is at the gut surface and other surfaces within the alimentary
canal (from Andrews 2000: 3; table 1.3).

Parental (absorbed) immunity
Condition
Septicaemias
Bacteraemias

Pneumonia
Viraemia
Oral (local) immunity
Condition
Enteritis (scour)

Agent
Escherichia coli
Salmonella species
Listeria monocytogenes
Pasteurella species
Streptococcus species
Navel ill/joint ill
Various causes
IBR
BVD/Mucosal disease

Agent
Escherichia coli
Salmonella species
Clostridium perfringens types A, B, & C
Rotavirus
Cryptosporidia

Management of the pregnant cow through provision of adequate nourishment, in the form
of a good supply of green feed (either at pasture or as fodder) and water (around 40 litres
per day) ensures the colostrum also contains sufficient vitamin A, since, as mentioned
earlier, a reduced amount of vitamin A in the dam's colostrum may lead to poor growth in
the calf and increased susceptibility to infections (Belschner 1967: 127). To avoid neonate
diarrhoea, modern farmers are advised that calves receive a minimum of 2 litres of
colostrum, directly from the dam. A multiplicity of factors can prevent the calf from
beginning to suckle, such as debility in the dam due to a difficult calving. Figure 5.3
summarises these complex factors.
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Figure 5.3: Factors leading to non-suckling by calves (Fraser & Broom 1990: 233; figure 25.5).

Bucket-fed colostrum produces a significantly lower level of serum immunoglobulin in the
calf. This factor may have significant disease implications when calves are separated from
their mothers. On the other hand outdoor calving in warm weather is efficacious for the
health of the newborn, leading to efficient absorption of immunoglobulins, as well as a
reduction in environmental pathogens (Hall et al. 1992:179).

Andrews (2000: 2) has summarised the issues associated with inadequate colostrum
consumption, and hence insufficient immunoglobulin absorbance, under four major
headings:
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1. The constituents of colostrum: the concentration of gammaglobulin and specific
immunities conveyed will depend on the individual cow and what disease
challenges it has faced in its life, together with its genetic make-up. The
colostrum of heifers is less concentrated, and its constitution is also affected by
the maternal nutrition and general condition. Infections carried by the dam prior
to calving, such as mastitis, will also result in less immune transfer via
colostrum.
2. The volume of colostrum ingested: the optimum volume is 3-5 litres, or 5% or
more of the calf body weight, within the first 18-24 hours. Hard suckling for
around 20 minutes is usually sufficient. However, a recumbent dam can
mechanically inhibit the quantity taken, as can a large pendulous udder.
3. The absorptive capacity of the calf: this is to some extent dependent on the
concentration of immunoglobulin in the colostrum, although immunoglobulin
absorption declines temporally, as mentioned earlier: an active calf suckling
within the first 6-8 hours will gain maximum immunoglobulin; after 24-48
hours, absorption declines to zero.
4. Management practices: the more the post-partum environment approaches the
natural state, the more immunoglobulin will be absorbed. Hence, as mentioned
above, calves born outside absorb more than those born indoors. Calves left
with their dams for more than 24 hours also have higher absorbance. Generally,
calves born in the winter will absorb less than those born in warmer months.

Table 5.2 showed the disease agents and conditions which challenge the young calf;
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diarrhoea and infections via the unhealed umbilicus (navel-ill/joint-ill) are responsible for
most neonate calf mortality in the first week or so of life where colostrum-borne immunity
has failed. Septicaemia may also be a problem at this stage, however: 12 out of 15 3-7 day
old calves died recently with severe keratitis, conjunctivitis and distressed breathing due to
septicaemia caused by Listeria monocytogenes (Boden 2001: 306). Pneumonia can also
cause early calf death, but, as figure 5.4 shows, diarrhoea is far commoner in the first week
of life. Calf pneumonia may be mediated by managemental and environmental factors;
damp, dark, and cold conditions and poor hygiene can predispose the animal towards the
condition. Any one or more of a group of viruses: infectious bovine rhinotracheitis (IBR),
respiratory syncytical virus (RSV), mucosal disease/bovine virus diarrhoea (BVD),
parainfluenza virus 3 (PI3) or adenoviruses 1, 2 or 3 (AD1, AD2 & AD3) may be
implicated. Other infectious agents may include mycoplasmas or bacteria such as
Pasteurella haemolytica (Boden 2001: 78).

Figure 5.4: Distribution by age of cases of calf diarrhoea and respiratory disease in the first 13 weeks of life.
Heifer calves from 122 dairy farms in SW Sweden (Svensson et al. 2003: 186).
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Diarrhoea (scour) occurs commonly in very young calves and is a result of some
disturbance of the complex interaction between the calf’s digestive tract, its environment,
nutrition and infectious agents. Common contributory factors include stress, poor hygiene,
lack of colostrum uptake, and exposure. Calves separated from their dams through dairy
husbandry practices and penned in groups, are particularly susceptible to diarrhoeic
infections through mutual grooming and suckling. Commonly implicated infectious agents
include enterotoxigenic Escherichia coli, Cryptosporidium species, Bovine rotavirus, and
Salmonella species. Currently, and probably historically, diarrhoea is the main cause of
early calf death in the first month of life, mortality can be up to 80% (Boden 2001: 134).

5.4.1: Calf diarrhoea - enterotoxigenic Escherichia coli
This organism has two pathogenic capabilities: the ability to produce enterotoxins, and the
ability to adhere to enterocytes (food-absorbing cells). The latter effect allows the organism
to resist the peristaltic action of the small intestine, while the secretion of enterotoxins
reduces sodium ion absorption by villous cells, and hence absorption of chloride and water;
meanwhile it simultaneously increases the secretion of sodium and chloride ions, leading to
secretion of water, in crypt cells. This means there is a net loss of water. The number of
vacant receptor sites for this organism is greatest in the new-born, and animals are
commonly affected at under three days old. Calves are depressed, anorexic, rapidly
dehydrate and die (Hall et al. 1992: 169).
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5.4.2: Calf diarrhoea - Cryptosporidium species
This is a coccidial protozoan parasite which also has the ability to adhere to the microvilli
of enterocytes in both small and large intestines. Diarrhoea is caused by the destruction of
mature enterocytes, hence there is a reduced ability to absorb food. Dehydration is less
marked than with other causes of infection (Hall et al. 1992: 170-171). Cryptosporidiosis is
seen in neonates at 1-2 weeks, excretion of oocysts means infection can be swiftly passed
to new hosts, not necessarily always bovine; Cryptosporidiosis is also a zoonosis.
Diarrhoea lasts between 1-2 weeks and causes high morbidity rather than mortality,
although it can sometimes result in high mortality where mixed infections occur.

5.4.3: Calf diarrhoea - bovine rotavirus
The virus invades mature enterocytes within the surface of the intestinal villi. Intracellular
multiplication causes the infected cells to degenerate. Mature enterocytes produce lactase,
hence their loss reduces the ability to digest lactose. Loss of mature enterocytes, and their
replacement by immature cells, alters the balance between absorption and secretion
towards the latter, causing a net loss of fluid, as described above. There is a concomitant
accumulation of excess undigested lactose in the large intestine, where the resultant change
in osmotic pressure prevents absorption of water from the faeces (Hall et al. 1992: 161162). Peak incidence of the resultant ‘white scour’ is at about 10 days. Diarrhoea is watery
at first, then yellowish and pasty, before becoming yoghurt-like with undigested milk.
Dehydration occurs, and sometimes mild pyrexia. Fatalities usually begin about a week
after symptoms appear, and may be exacerbated by mixed infections with other
enteropathogens (Hall et al. 1992: 161-162).
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5.4.4: Calf diarrhoea - Salmonella species
Salmonellosis is manifested as one of three syndromes: an acute systemic infection, acute
enteritis or chronic enteritis. Commonly the disease in calves occurs between 2 and 6
weeks after birth. Diarrhoea follows an initial fever, with bloodstained watery faeces,
containing fibrin and mucous. Death occurs on the 5th to 7th day of illness. In calves
between 2 and 3 days old, bacteraemia and septicaemia can cause rapid collapse and death
without diarrhoea (Jones, 1992: 181-189). Susceptibility to salmonellosis is exacerbated by
a lack of colostrum intake, and the absence of a developed gut flora.

5.4.5: Calf diarrhoea – Clostridium perfringens toxins.
Clostridium perfringens is widely distributed in terrestrial and aquatic environments, and is
commonly found as a commensal organism in the gut of man and animals, including
bovines. However, it can turn pathogenic in certain circumstances, through the expression
of various enterotoxins (Boden 2001: 103). These are classified into 4 major groups: alpha,
beta, epsilon and iota toxins. The organism itself is classified into 5 toxigenic types: A, B,
C, D & E, depending on what combination of toxins is produced.

Clostridia will be among the first organisms to colonise the abomasum; normally enteritis
will not ensue as the animal has acquired sufficient conferred immunity from colostrum to
control growth of the bacteria. However, if this is not the case, enterotoxaemia caused by
Clostridium perfringens toxins causes congestion and enlargement of the spleen and liver,
haemorrhages and ulcers in the abomasum and intestines, together with epicardial
haemorrhages and a gelatinous pericardial effusion. In a study of 150 diarrhoeic neonatal
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calves, 122 (81.3%) were positive for Clostridium perfringens toxins, of which 13 died.
Type A was the dominant toxigenic type (Koç & Gökce 2007).

5.4.6: Navel-ill (Omphalophlebitis)
In circumstances of poor hygiene, infection can also take place through the open navel
before it has healed. This condition, is also known as navel-ill, or polyarthritis. Abscesses
form at the umbilicus, and sometimes, when septicaemia ensues, also in limb-joints, heart,
brain and eye. A raft of bacteria is usually implicated, individually or in mixed infections,
such as Streptococcus species, Pasteurella multocida, Erysipelothrix insidiosa, Escherichia
coli, Arcanobacterium pyogenes, and the anaerobe Fusobacterium necrophorus (Andrews,
1992: 213). The umbilicus may be wet and oozing pus or serous material, or can appear to
be healed, with the abscess sealed within. The calf is listless, dull, and reluctant to suckle,
and may prefer to lie down on its side. There is a danger of fatality if the septicaemia is of
rapid onset (Boden, 2001: 283). Calves which survive are poor-doers, and likely to be
lame, as the infection becomes localised into one or more joints, which will suffer
irreparable damage (Webster 1984: 123). Abscesses may also form in the lungs of animals
following septicaemia, leading to calf pneumonia (Boden 2001: 78).

5.5: Summary
To summarise some of the commoner aetiologies of bovine abortion and neonate death
discussed above, two tables are given below listing disease and age, or stage of gestation,
of peak incidence; these tables will ultimately be used to suggest possible causes of calf
mortality in the archaeological study sites, inferred from age diagnoses of recovered bovine
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bone material. Table 5.5 summarises some of the infectious causes of sporadic and
epizootic abortion that can be categorised by the stage of gestation during which they are
most likely to be prevalent.

Table 5.5: some common infectious causes of bovine abortion (after Canant 1984: 931).

Age
1st trimester
(0-3 months
gestation)
2nd trimester
(4-6 months
gestation)
3rd trimester
(7-9 months
gestation)

Cause of sporadic abortion
BVD
Trichomoniasis

Cause of epizootic abortion
BVD
Trichomoniasis

Campylobacter

IBR

Listeriosis
Mycotic abortion
Arcanobacterium pyogenes
Salmonellosis

Brucellosis
Leptospirosis

Table 5.6 is a summary table giving the periods of peak incidence for the most common
causes of early post-natal mortality in calves.

Table 5.6: Common causes of early calf mortality showing age of peak incidence.

Calf Age
Birth

Condition
Dystocia

0-1 week

Diarrhoea due to E. coli
Navel-ill

1-2 weeks

Diarrhoea due to Rotavirus
Diarrhoea due to Cryptosporidia species

2-6 weeks

Diarrhoea due to Salmonellosis

5-10 weeks (peak incidence)

Calf pneumonia; due to BVD, IBR, RSV, PI3,
Adenoviruses, Mycoplasma species, Pasteurella
species, etc.
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CHAPTER 6: THE IMPLICATIONS OF PUTATIVE HUSBANDRY
PRACTICES IN ANTIQUITY ON BOVINE HEALTH, WITH
PARTICULAR EMPHASIS ON DAIRYING

6.0: Introduction
This is the second of two related chapters discussing some of the background to ancient
cattle-herding, concerning both dairying and keeping cattle for meat, featuring, in
particular, the process of hand milking inherent in the former. It will investigate whether a
dairying strategy, such as has been presumed to have been practiced at the study sites, not
only exacerbated the risk of neonatal death in calves but also induced more stress and
debility in adult cows (which could also lead to infertility and abortion), compared to a
meat-only strategy. It will discuss how daily human contact with the cow, integral to the
hand-milking process, could have introduced an exchange of microbial pathogens, both
between individual animals, and between humans and cattle, which was detrimental to the
health and survival of the cow and her present and future calves. The final discussion will
critically assess the evidence accumulated through both chapters to decide whether the
level of foetal and neonate deaths, resulting from one or more of the aetiologies described,
might have been more severe in a palaeoeconomy based on dairying, compared to one
where slaughter for meat was the cattle exploitation strategy.

Exploiting domesticates for milk as a ‘secondary product’ (Sherratt 1981, 1983) enables
animals such as cattle to contribute far more towards human nutrition than if they are just
slaughtered and consumed for meat. “Milking is a highly efficient mode of exploitation,
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giving four or five times the amount of protein and energy from the same amount of feed as
would exploitation for meat” (Sherratt 1981: 284). This is achieved through the high
energy value and versatility of milk as a foodstuff, as defined by its complex chemical
constitution.

Unfortunately, the richness and chemical diversity of milk also provides an almost ideal
environment for microbial growth (Chambers 2002: 39). Milk is biologically intended for
direct consumption by the neonate; exposure to the air and the environment through
milking practices risks its exploitation by bacterial opportunists. This must at times have
constituted a formidable biohazard for human consumers of animal milks before the
introduction of heat treatment procedures such as pasteurisation, and risked the
proliferation in milk of animal or human pathogens. Interfering between the bovine dam
and her offspring to harvest milk also exposed both animals to microbial attack and tended
to disturb delicate hormonal and neural control mechanisms.

Bovine health and welfare considerations relating to cattle-keeping in general are first
considered, emphasising exploitation for milk. Brief reference is then made to the
biological mechanisms of milk production and let down; differences in udder physiology
between bovines and smaller ruminants are mentioned, which may have had a differential
effect on let-down in the past. The mechanics of hand-milking are illustrated, together with
a consideration of how this can lead to an exchange of pathogens, and a rapid
dissemination of infection throughout the milking herd. Possible causes of contamination

168
of expressed milk are considered in terms of its potential to cause subsequent calf infection.
Ethnographic and historiographic references are given where appropriate, and points
relating to the specific Orcadian archaeological contexts highlighted. A hazard and critical
control point (HACCP) analysis is undertaken for hand milking in antiquity, in which
critical points are highlighted where human and animal infections could occur. Possible
health problems associated with calf rearing are considered, and, finally, a range of
conditions in adult cattle are described and discussed, in terms of their possible association
with beef rearing or dairying in particular, and their effect on the health of calves.

6.1: Management implications of secondary products strategies
Jarman (1982: 51-52) described a progression of six phases of human control in the
domestication of livestock, which are briefly summarised below:
1. Random predation: individual animals exploited when encountered (the
‘hunter/gatherer’ paradigm).
2. Controlled predation: exploitation of seasonal mass animal movements such as
migrations, in the form of driving or corralling.
3. Herd following: human nomadic behaviour geared towards following mass
movements of animal prey, to enable continual exploitation.
4. Loose herding: more direct control exerted over the herd, to enable maintenance in
a chosen location or locations at the times of seasonal movement.
5. Close herding: continual control over all movement of stock, involving the use of
fences and direct human contact.
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6. Factory farming: creation of a wholly artificial environment, within which the
animal has little or no control over its actions.

The secondary products revolution probably involved a change in management strategy
from ‘loose herding’ (4) to ‘close herding’ (5). The degree to which this was necessary
would have varied depending on the desired product. For the exploitation of sheep for
wool, the ‘loose herding’ paradigm could be maintained throughout most of the year, with
the sheep directed as a flock to chosen pastures. Apart from welfare issues, such as
predation, accident, or straying, control at an individual level was only necessary at times
when the fleece was harvested, by shearing or other means such as plucking. Hence human
contact may have been minimal.

For the exploitation of animal traction, however, it was necessary for the animal to be
denied its own nature and to succumb entirely to human control. Columella, in ‘De Re
Rustica’, described how calves were first accustomed to being handled and fastened to
mangers when still young, as a prelude to being broken-in. At three or four years, they were
taken into spacious sheds and tied by the horns to fixed horizontal beams seven feet from
the ground, loosely enough to prevent them damaging themselves, but tight enough to
prevent escape. “If they are too savage, allow them a day and a night to expend their fury,
and as soon as the edge of their anger is blunted, they should be driven forth early in the
morning, care being taken that several persons follow them behind also and hold them by
their tethers while one man, going in front of them with a club of willow wood in his hand
from time to time restrains their onrush with light blows” (Forster & Heffner 1968:129).
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Although describing activities in 1st century AD Roman Italy, this description of the
initiation of the breaking-in process, where the animal has little or no control over its
actions, may be typical in its relative brutality of domesticate breaking-in elsewhere,
conforming more to Jarman’s category 6, factory farming, than category 5, and illustrating
the extent to which humankind had to suppress the freedom and instincts of domesticates in
order to obtain secondary products.

Although it was less overtly violent, milking also required the suppression of the natural
instincts of an animal: primarily, an aversion to the close approach of humans and their
physical interference through hand milking. Ties and hobbles, sometimes in the form of a
spancel (Kelly 2000: 40), were routinely applied to suppress the physical responses of
‘fight or flight’ while milking took place.

‘Close handling’ or ‘close management’ rather than Jarman’s ‘close herding’ are probably
more apposite terms to use for the husbandry strategies used in traction and milking, since
animals had begun to be engaged frequently on an individual, rather than a herd basis.
Suitable individuals might be selected for specific purposes, on such grounds as strength,
docility, lack of horns, milk yield, or even colour (Kelly, 2000: 33-34). The phrase ‘close
management’ was used by Barker (1999: 275) in describing milking practices, stalling and
fodder provision in Neolithic Linearbandkeramic (LBK) long-houses. Milking involves
considerable individual human-animal contact on a daily basis. In order to maintain
lactation in cattle, animals have to be milked, by direct human contact, for around 10
minutes per session in hand milking, at no more than 14-hour intervals (Anderson, 1985:
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37). Their offspring, meanwhile, if surviving, must be restrained separately to prevent
access to the mother. Calf restraint might be intermittent or continual, depending on the
management practice used, as will be discussed below. If ancient dairying were to have
followed the paradigm generally adopted in present-day dairying, lactation would have
been extended to around 10 months, and the cow rebred at 3 months after calving. This
would have ensured that one calf per year was produced (Smith Thomas, 2005: 210).

Mention has been made in the previous chapter of strategies used to promote calf-less milk
let-down, such as the ‘dummy’ calf, and these will be referred to further below, but,
assuming human-induced let-down was possible in the past, such strategies would have
added to the considerable contact, coercion and interference necessary to retrieve milk,
until the cow became conditioned to the process. The animal would have had to be
captured, restrained throughout each milking period, and then returned to pasture. Grazing
would have had to have been in controlled areas, maintained either by fencing or similar
barriers, by the use of dogs or children, or restrained by individual tethers on unfenced land
(Fenton 1997: 431-435), to avoid exhaustion of the herbage and prevent excessive
poaching of the ground, and in order that the cow could be accessible as an individual for
the next milking session. As will be discussed later, there is little margin possible in
milking intervals, as, particularly late in the lactation, physiological factors, including the
destruction of the milk-secreting epithelial cells within the mammary gland, rapidly
supervene if milk removal is stopped (Anderson, 1985: 24).
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In adverse environmental conditions, the animal would have been given feed not of its own
choice of quality or quantity, been dependent for water supply, and sometimes physically
restrained within some kind of stalled structure such as a byre. Access to a male for mating
would be under direct human control. If retained, the calf would have been penned with
others and pail-fed, as a dairy replacement or for fattening.

This can be compared with the behaviour of some wild ungulates, where reproductive
activity is usually highly seasonal. The young are born in spring or early summer, so that
peak lactation coincides with the period of most abundant food. If the sum of the gestation
and lactation periods exceeds 12 months, as it may do in cattle, rebreeding must occur
before the end of lactation for young to be reared on consecutive years. Observations of the
Muskox (Ovibos moschatus), which has a similar gestation length to cattle, and inhabits
arctic regions in adverse environmental conditions, show that rebreeding is frequently
delayed, and the female continues to lactate for the benefit of the existing calf. Hence
further investment is made into an existing asset, rather than risk initiating another breeding
cycle at the risk of losing both existing and future offspring. Similar observations have
been made of red deer (Cervus elaphus), where poor nutrition may also result in rebreeding
every second year. Only in favourable environmental conditions will the wild animal
voluntarily take on the twin energetic burdens of lactation and gestation that are routinely
forced upon domesticated dairy animals (Knight, 2001: 533).

Modern dairy cattle are selected primarily for maximum milk production, but also for
docility, tractability (including ease of let-down), and reproductive efficiency. Animals
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lacking one or more of these characteristics are culled; hence, recalcitrant individuals and
their unwanted behaviour disappear from the gene pool. As a result dairy cows behave with
predictable docility, and only change their behaviour if their management or environment
changes. A dairy cow will have her first calf at around 2 years, and go on to have three
more annually, after which she is considered worn-out and culled. Beef suckler cattle may
have over 10 calves in a lifetime. The dairy cow is generally separated from her calf at 24
hours after birth. However, a modern dairy cow will produce over four times the milk of a
beef animal, up to 40 litres per day (Leaver 1999: 21-23).

In order to satisfy the demand for nutrients, to enable the mammary gland to produce so
much milk, a modern dairy cow must consume vast quantities of food. Grazed grass alone
may not be sufficient (a cow can manage a maximum of 40,000 grazing bites per day), due
to variations in the quality and quantity of food, gut capacity, and time available for eating;
hence her diet must be supplemented with forage and/or concentrated feed to maintain high
energy intake. A high-yielding dairy cow may have a daily dry-matter intake of over 3.5%
of her body weight, together with copious amounts of water. This can enable her to produce
6-12000 litres of milk over her lactation period (Leaver 1999: 20, 23). It might be
suggested, therefore, that the behavioural characteristics of such an animal would be only
partially comparable to her ancient counterpart, which would probably have been closer
genetically and behaviourally to wild cattle.
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6.2: Lactation: udder physiology and let-down
The cow has four discrete inguinal mammary glands, separated by tissue septa, bound
together and supported by suspensory ligaments, in a single udder, whose four teats reflect
the internal quarter divisions. The secretory structure of the glands comprises a series of
lobules, each containing clusters of alveoli. Each alveolus consists of a single layer of
secretory epithelial cells surrounding a central lumen where the synthesised milk collects.
The alveolus is surrounded by a network of blood capillaries and web-like myoepithelial
cells (Larson 1985: 130; figure 6.1).

Figure 6.1: Mammary alveolus, lined with secretory cells; milk collects within the lumen (Larson, 1985: 131,
figure 4.1).

Bovine udder function is based on a pressure-feedback circuit. Blood pressure in the udder
capillaries, at about 25 mmHg, is the force that drives nutrients from the blood to the
alveolar epithelial cells of the udder. Contraction of the myoepithelial cells on the surface
of the alveoli raises intra-mammary pressure to around 60 mmHg; any pressure above 25
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mmHg will inhibit further milk synthesis by blocking blood pressure. The system maintains
intramammary pressure for around 10 minutes, the optimum milking or nursing time for
the bovine species. If the inter-milking period is prolonged beyond 14 hours, accumulated
milk within the udder will again raise intra-mammary pressure and inhibit synthesis
(Anderson, 1985: 30). Freshly secreted milk drains from the lumen of an alveolus into
secretory ducts, from thence through a network of larger ducts until it reaches the gland
cistern. This is attached to the teat cistern, divided by an annular fold. The teat is normally
sealed by a sphincter muscle at the exit (streak) canal (figure 6.2).

Figure 6.2: Bovine teat structures (Heald 1985: 199, fig. 6.1).

The neural and hormonal pathway for the initiation of milk let-down is instigated by
mechanical stimulation of the teats. A neural reflex travels to the hypothalamus via the
spinal cord, and then to the posterior pituitary, which releases oxytocin into the
bloodstream. This then causes contraction of the myoepithelial cells on the surface of the

176
alveoli within the secretory tissue of the udder, effectively squeezing out the milk.
Oxytocin release can also be initiated by auditory and optic stimuli and signals from higher
brain centres (Tucker, 1985: 73-77) (figure 6.3).

Figure 6.3: Neural feedback loop for milk ejection. Normally triggered in modern cattle by sensory
stimulation of teats, it can also be initiated by optical and aural stimuli, and signals from the cerebral cortex of
the brain (Tucker, 1985: 73, figure 2.16).

Halstead (1998: 5) proposed that these physiological and hormonal ‘pre-adaptations’ may
have enabled an easy transition from calf suckling to human milking. In modern dairy
husbandry, with modern cattle, suckling, hand milking, washing the udder and presenting
the calf to the mother are the most effective stimuli in promoting let-down, together with
sights and sounds associated with milking routine (Tucker, 1985: 73-77). These trigger
stimuli may have had analogues in ancient practice where similar daily routines applied,
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perhaps including some of the let-down strategies, such as cow blowing or the presentation
of a dummy-calf-substitute, mentioned in section 2.2.1. Constant repetition of these and
similar stimuli, together with the rejection of individuals for breeding who failed to respond
to such stimuli, could eventually have led to the situation that generally applies at present
in the developed West, where the calf’s presence is unnecessary for let-down. In a recent
American trial, however, milk yield and fat content were both increased where the calf was
allowed to attend while the dam was machine-milked (Combellas et al. 2003: 227), so
instinct has not been entirely ‘bred-out’ of modern dairy cattle. It has been suggested that
the productivity of an animal is influenced by its psychological state, which will be the
product of its genetic disposition and current environmental stimuli (Costa & Reinemann
2004: 24).

Stress is the most potent inhibitor of let-down; increased activity of the sympathetic
nervous system promoted by stress increases discharge of epinephrine and norepinephrine.
These hormones increase sphincter muscle tone in the teat canals, and block binding of
oxytocin to the myoepithelial cells, reducing and terminating milk flow (Tucker, 1985: 7377). This would have been an essential response to predator attack in wild cattle. It is not,
however, possible to judge whether ancient domesticated cattle were more susceptible to
stress or that ancient husbandry practices promoted stress.

6.2.1: Udder physiology: species differences.
Balasse (2003) has drawn a distinction between cattle and smaller ruminants, particularly
the goat. She discussed the dual delivery systems in the ruminant udder, whereby cistern
milk is easily accessed by simple pressure on the udder, mimicking the calf butting,
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whereas alveolar milk requires induction of the hormonal ejection reflex described above,
which, in ‘unimproved’ cattle, such as those seen in current African pastoral societies like
the Masai of Kenya, requires a maternal stimulus such as the presence of the calf or some
substitute to convince the dam of the calf’s presence (described in Amoroso & Jewell, 1963
126-127). In the goat, more than 75% of the udder capacity consists of cistern milk (figure
6.4), whereas for cattle, the figure is less than 30%, so failure to obtain the alveolar fraction
would result in a loss of 70% of the cow’s udder capacity (Costa & Reinemann 2004: 22).
Alveolar milk also contains three times the fat content of cistern milk, so loss of this
fraction seriously detracts from the nutritional quality of the product (Balasse, 2003: 4-5).
Other authors quote a higher figure for cistern capacity in the bovine, at 40-50%, although
this may represent modern ‘improved’ stock (Heald, 1985: 198).

Figure 6.4: Cross-section of goat mammary gland, indicating cistern and secretory division (Rook & Thomas,
1983: 322, fig. 8.1).
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Hence, the consequence of milking cistern milk only, in goats, and, to some extent, sheep,
is of only marginally reduced milk production, and the undrawn alveolar milk is passively
transferred to the cistern immediately after its emptying. In ethnographic contexts, the kid
is often allowed to suckle after milking, inducing the ejection reflex and accessing the
nutritious alveolar milk. Prolonged periods of milking of ovicaprines without reflex
induction would result in a gradual decline in supply due to endocrine negative feedback.
In the cow, without reflex induction, only a small proportion of the alveolar milk can be
passively transferred to the emptied cistern, due to relative capacity, and this can take up to
four hours after milking. Hence, in the unimproved cattle of the distant past, the result of
disengaging the reflex induction of alveolar milk secretion by withdrawal of the calf could
have been serious. Stagnation of the large amount of alveolar milk would have rapidly
provoked negative feedback via intra-mammary pressure, as described in section 6.2, and
the milk supply would have dried up much more rapidly than in the case of ovicaprines
(Balasse, 2003: 5). Payne’s ‘milk’ model (1973), originally based on the smaller ruminants,
remains intact using this thesis, but its application to cattle could be problematic.

Modern experiments have shown that in some goats and cows, the myoepithelial cells from
denervated udders will contract by rapid mechanical stimulation alone (Rook & Thomas,
1983: 321-22) short-circuiting the neural and hormonal let-down loop described above.
This would release alveolar milk into the cistern cavity and allow access to the full capacity
of the udder, without sensory stimuli. This attribute may be related to the adaptation in
modern cattle that permits calf-less let-down.
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6.3: Hand milking
The position of the bovine udder makes the organ, and particularly the teats, highly
susceptible to surface contamination. This can derive from the passage of faeces and urine,
together with any vaginal mucous discharge, and may be important if the animal is
suffering from an enteric or urino-genital infection. The pendulous nature of the udder,
although possibly less marked in ancient ‘unimproved’ cattle, may also promote teat
contamination through contact with soil, stagnant water, mud or faeces, together with
fouled bedding material, particularly when the cow lies down. Contamination with
Salmonella species or Escherichia coli from faeces, or Listeria monocytogenes from soil
water may result. This problem is exacerbated in wet weather and during the winter months
especially if the cattle are housed for prolonged periods. Archaeological evidence of
structures such as byres, stalls, or other forms of animal housing, indicating the possibility
of overwintering, could thus be of significance in speculation about these potential
environmental microbial hazards of ancient dairying (Zimmermann 1999).

Washing down the cow and wiping around the udder and teats with a disinfectant-soaked
cloth is part of the routine of modern first-world dairy hygiene, but ethnographic studies
suggest this is rarely done in traditional contexts, such as rural South and East Africa.
However, the common practice in such areas of allowing the calf to suckle before milking
will have some disinfectant effect by cleaning the teats. Allowing the calf to suckle first
may also be used to initiate let-down for subsequent hand-milking (Crawford 1990: section
II 1). In order to obtain milk, the teat is repetitively squeezed at the top with the thumb and
forefinger to prevent backflow into the udder, then squeezed progressively downwards with

181
the rest of the fingers to discharge the milk (Seymour 1996: 94; figure 6.5).

Figure 6.5: Hand-milking: top left, squeeze base of teat with thumb and forefinger; top right-bottom leftbottom right, progressively squeeze teat with remaining fingers (Seymour 1996: 94).

As can be seen from the illustration above, accidental human contact with the stream of
milk discharging through the teat orifice is most likely at the edge of the hand around the
base of the little finger. If the hand is cut or infected, or soiled with human or animal
faeces, particularly in this area, the milk could easily become contaminated immediately
after discharge.

If the milker is not in good health, the milk can be readily compromised at this and later
stages of processing. For example, respiratory ailments, with coughing or sneezing, can
create aerosols, which might bear pathogens capable of infecting both animals and humans.
Milk can act as a carrier for such human diseases as typhoid, paratyphoid, dysentery,
scarlet fever, diphtheria, brucellosis and tuberculosis (Wilson 1942: 6-18).
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During milking, contaminant particles and pathogens derived from the hands or clothing of
the human milker, as well as from the coat of the cow, may find their way into the
container into which the cow is being milked. This is an unavoidable aspect of the intimate
man-animal contact necessary in hand milking. Since the milking bucket must necessarily
be beneath the posterior of the cow, its contents are also particularly vulnerable to airborne
faecal contaminants. Flies and other insects may be attracted to the exposed milk and can
also represent a vector for the transmission of micro-organisms, particularly if there are
deposits of human or animal faeces in the vicinity. If milking is carried out indoors,
contamination may also be dust-borne, particularly if it is performed in the presence of
restless animals and dry organic bedding or fodder. If milking is performed out-of-doors,
contamination may be rain-borne, carried in drips from the coat of the animal. The extent
of such environmental contamination will be proportional to the surface area of milk
presented by the container in which the milk is collected, together with the time taken over
milking.

This milking container must necessarily be large enough to receive all the milk drawn from
an animal at the milking session, to obviate interruption or overflow, without being too tall
to fit beneath the animal while enabling hand access, or too cumbersome. The milk yield of
prehistoric cattle must be a matter for speculation, but in traditional contexts in rural
southern Africa, average daily milk yields are between 1 and 3 litres per day, excluding
milk taken by the calf (Crawford 1990: section II 1). Hence a milk container capable of
holding between three and five litres would probably have been adequate for a prehistoric
milking session, unless the container was carried from cow to cow to obtain a pooled
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collection. Ease of handling would probably make this unlikely, however.

Traditional southern African milking containers are carved from wood, although gourds or
ceramic vessels may also be used. The Maasai of Kenya and Tanzania also use vessels
woven from animal skin. Wooden milk pails are used in Nepal and Bhutan (Crawford
1990: section II 1, 6.2). Ideally, the pail should be narrow enough to enable the milker to
grip it with the knees, with perhaps a flat base for stability, although convex bases may be
more stable on uneven ground, if the bucket is nestled in a hollow. The discovery of
wooden pails in archaeological contexts has been discussed in section 2.3.2.

If milking was carried out at a distance from the settlement, the milk from several cows
could be pooled in a larger container carried on the milker’s back (Kelly 2000: 40-41).
Alternatively, if one or two staves of the bucket are extended, two buckets can be carried
using a yoke. The milking bucket is the first container into which the raw milk is
discharged, and its fabric and construction has a determinative effect on the degree and
rapidity of spoilage of the milk. This can be mediated by any hygiene procedures carried
out before milking, such as washing and disinfection.

It seems reasonable to suggest that people in the past were aware of the benefits of hygiene,
even if they were unaware of the microbiological causes of the problem: obnoxious odours
and visible growth of, for example, moulds on the surface of the vessel must have been
sufficient to motivate some cleaning activity. Some contaminants, however, could have
provided a ‘starter culture’ of benign lactic acid bacilli for fermented milk products.
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Wood is a porous material, and milk will penetrate its surface, unless sealed, providing a
niche or microenvironment for contaminants such as bacteria, yeasts and moulds, even if
the vessel is thoroughly washed after use. Seams between staves and other joins in the
wood are particular foci for contaminants (O’Connor 1995: 5.6.1). Similarly, unglazed
ceramic vessels also have a porous surface, beneath which contaminants can thrive. This
would have been less of a problem with stone as a medium, such as soapstone vessels, a
material available around the Northern Isles of Scotland, but weight would have probably
made a stone vessel impractical as a portable milking pail. Larger soapstone vessels might,
however, have been used in milk processing, particularly as they would have had a cooling
effect. Metal vessels would have been a better compromise, although the presence of
oxides on the surface could have provided a niche for contamination, together with any
seams inherent in the construction of the vessel. This may have been less apparent in
copper or copper-alloy vessels, however, as the element has a biocidal effect.

All materials and surfaces, however smooth or irregular, can be subject to biofilm if wet
with liquid that carries micro-organisms. This phenomenon involves the organisms
aggregating as multi-species communities and producing extracellular substances that form
a protective matrix which will anchor to any surface, and has the capacity to promote
bacterial growth, prevent desiccation and resist removal by liquid or chemical means
(Chmielewski & Frank 2003: 22). Pathogens such as Listeria monocytogenes and
Salmonella species originating from the primary liquid source can be harboured within
such a biofilm, which can result in cross-contamination in subsequent use; for example, in
the case of a milking pail, the next milking. Washing the milking pail in cold water can be
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superficially effective in reducing the visible signs of contamination, but most biofilm will
remain even if the surface is abraded with a cloth or brush. If the wash water is itself
contaminated, perhaps by faeces or urine from a polluted water-source, washing could be
counter-productive by adding extra species to the biofilm. The use of boiling water to scald
the surfaces of vessels would be more effective in reducing the contamination.

In ethnographic contexts in rural Africa, milking vessels are smoked after washing by
placing hot embers within the vessel for a few minutes. This has some disinfectant effect,
and can also impart a desirable smoky flavour to the milk or milk products, depending on
the variety of plant material used to create the smoke (Crawford 1990: section II 1).

If fresh milk is consumed immediately, for example by a penned calf, there is every
probability that any potential opportunist pathogen present by the means described,
including contamination from the milking pail, would be in low numbers and in ‘lag
phase’. This is the stage of zero microbial growth during which, in the case of raw milk,
contaminating organisms are first inoculated into the medium, perhaps from dried faeces on
the cow’s udder falling into the pail. Throughout this phase the organism adapts to the
changed environment, perhaps by synthesising new enzymes to exploit newly available
nutrients. Subsequently, exponential microbial reproduction may occur during ‘log phase’.
Here the microbial cells are in a steady state and can reproduce exponentially. This will
continue until either the nutrients required for growth become depleted, or the
accumulation of toxic by-products begins to inhibit growth (Jawetz et al. 1987: 68).
Providing contaminants remain in lag phase, they will present only a superficial challenge
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to the primary defences of the animal or human consumer, such as salivary amylase or
stomach acid, so that these would be sufficient to counter any potential infection.

This is by no means a universal rule however, as some species of bacteria, such as
Escherichia coli, can cause infections in low doses (Bannister et al. 2000: 166-167), while
others, such as Mycobacterium bovis, the causative organism of bovine tuberculosis, are
extremely resistant to stress and acid attack (Jawetz et al. 1987: 285-286) and also infective
in low numbers.

The following verbal description of hand milking in the early 20th century vividly
illustrates the potential for milk contamination (1920s, Shropshire, UK):

“We were positively mediaeval in our attitudes to hygiene in those days, too. I don’t
think it was so much that we didn’t care, it was just that without running water, plastic
overalls and all the other modern hygiene aids, you just had to accept that things were
going to be done as they’d always been done. For example, I’ve explained how the
cows were let out into the fields to water before we had water piped to the sheds. Well,
as they went out through the narrow gateway where all the muck and slurry would
accumulate, inevitably they got into a terrible mess. But we used to wipe their udders
with just an old piece of sacking, and you can imagine what the milk was like after that!
When we stopped making cheese on the farm we started to sell the milk to the chocolate
company Nestlé, and the colour of the milk was like chocolate when we sent it to
them!” (Quinn 2006: 39).
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Table 6.1 illustrates the effects on the growth of contaminating bacteria in milk from
animals in a clean or dirty condition, and also when compounded by a dirty milking
environment with unclean utensils, at three different levels of milk storage temperature. It
may be seen that variations in storage temperature appear to be more influential on
bacterial contamination levels than cleanliness; increasing temperature tends to drive
contaminating bacteria into a state of exponential growth, or ‘log phase’ as mentioned
earlier in this section.

Table 6.1: The effects of differing conditions of milking hygiene and milk storage temperature on the growth
of contaminating bacteria (O’Connor 1995: section 6.2; table 9).

Production conditions

A. Clean cows, clean
utensils & environment
“
“
B. Clean cows, dirty
utensils & environment
“
“
C. Dirty cows, dirty
utensils & environment
“
“

Milk
storage
temperature
4.5ºC

Bacteria per ml
when fresh

Bacteria per ml
after 24 hours

Bacteria per ml
after 48 hours

4,000

4,000

4,600

10.0ºC
15.5ºC
4.5ºC

4,000
4,000
39,000

14,000
1,600,000
88,000

128,000
33,000,000
122,000

10.0ºC
15.5ºC
4.5ºC

39,000
39,000
136,000

180,000
4,500,000
282,000

832,000
99,100,000
540,000

10.0ºC
15.5ºC

136,000
136,000

1,200,000
24,700,000

13,700,000
640,000,000

In the 1920s example quoted above, processing the milk into cheese would reduce the
impact of the likely heavy dose of contaminants; similarly, the Nestlé factory would have
included some form of filtration and heat treatment in its chocolate manufacturing process.
Consumption of untreated milk in these circumstances would have been a hazardous
procedure however, especially if storage conditions were uncooled. The bacterial counts
shown in table 6.1 are of interest when inferring milking and milk storage conditions in
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antiquity, where production conditions and animals were likely to be what would be
classed today as ‘dirty’ rather than ‘clean’.

Close human contact with live cattle, for example, through the handling involved in
traction, would have meant the animals were exposed to human pathogens and vice versa.
However, milking involved an extra factor, the physical process of hand milking itself. The
bovine teat evolved for the environment of the calf’s mouth, not to be squeezed by human
hands. The skin of the teats is unique in the absence of hair and glands and is very resistant
to tearing, puncture and abrasions, but the terminal end and associated orifice is exposed,
and in an environment where injury is common and protection minimal. Hand milking adds
a new factor where faeces and soil contamination on the teat surface, together with any
human skin pathogens from the milker, can be unwittingly introduced not only into the
expressed milk, but also into the teat canal, through poor technique and hygiene.
Experiment has shown that introducing pathogens a mere 3mm into the teat canal can
induce mastitis, inflammation of the udder, in over 30% of cases (Heald, 1985: 204). Once
mastitis is established within the herd, the infection is easily passed from teat to teat and
from animal to animal via the milker’s hands. Recent ethnographic studies of 400 small
farms in the highland area of Iringa, and the coastal region of Tanga, Tanzania, reported the
incidence of mastitis in up to 80% of dairy cattle (Fitzpatrick, 2000).

6.4: Application of Hazard Analysis Critical Control Point (HACCP) system
The HACCP system is used in food and other industries worldwide, and is designed to
anticipate problems in manufacture so that preventative measures can be taken. This is
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done by analysing each step of every procedure involved, so that potential hazards can be
recognised. Crucially, each hazard is judged in terms of likelihood and consequence, in
order to recognise the critical control points in the process (Pawsey 2002: 174-206).
Monitoring and corrective action procedures are then put in place and documented so that
any adverse event at the critical control point can be dealt with rapidly and effectively, and
then the cause traced back so that procedures can be reassessed. A HACCP analysis was
recently carried out on the processes of machine milking a Hungarian dairy farm, driven by
the accession of the country to the EU (Vágány et al. 2004). Table 6.2 is a summary of the
analysis:
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Table 6.2: HACCP analysis of milk production at Józsefmajor Experimental and Demonstration Farm
(Vágány et al. 2004; fig. 2).

Reception of fodder

Reception of fodder
supplements

Storage of fodder

Storage of fodder
supplements

Reception of animal
health products

Reception of water

Storage of animal
health products

Critical points:
10. Preparing for
milking

1. Calving

2. Starting of
production

P: physical
C: chemical
B : biological

C
11. Milking

separation of
ill cows

3. Formation of
cow groups (depending on production level, condition, prgnancy)

12. Leading off
milk

11.1. Taking off
milking cups

13. Milk separator

11.2. Udder
treatments

B

4. Driving into
milking parlor
14. Filtering of
milk

P

11.3. Driving out of
milking parlour

5. Waiting in
lounge
15. Leading off
milk

11.4. Driving
through scales

6. Standing into
milking parlor box
16. Collecting in
milk container,
chilling

B

11.5. Driving
trough examination lounge

7. Preparing udder
for milking
17. Storinf below
5 oC
8. Milkinf first milk
jets into cups

B
18. Examination,
sampling

9. Examination of
milk

11.5.1.
Separation of ill
animals

11.5.2.
Separation for
insemination

11.6. Production
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Modern technology and methods were utilised, but the end product, raw fresh milk, is the
same as for dairying in antiquity, so the biological critical control points highlighted will
bear comparison:

1. Critical point Box 3: Formation of cow groups (depending on production level,
condition, pregnancy) – separation of ill cows. This is where cows are selected for
milking. The milk from sick cattle could contain zoonotic organisms such as
Mycobacteria or Brucella species or other pathogens. Failure to identify and
separate these cows from the milking herd risks passing the infection to bucket-fed
calves and to human consumers via milk and milk products, as well as threatening
the health of the entire dairy herd.
2. Critical point Box 8: Milking first milk jets into cups. This is the point at which
modern dairy workers can identify the presence of mastitis in an udder quarter,
even in the subclinical stage with no overt symptoms. The teat is stripped of its
foremilk into a strip cup or directly onto the ground or floor in order to examine for
a watery, stringy or clotty consistency. If this is seen and mastitis suspected, the
milk from that animal must be rejected for human consumption. Inclusion of
mastitic milk into the human or neonate calf diet risks infections from organisms
such as Escherichia coli or Staphylococcus aureus. Their presence can promote
spoilage and also cause the failure of the conversion of raw milk by benign lactic
acid bacilli into milk products by acid fermentation.
3. Critical point Box 16: Collecting in milk container, chilling. The temperature and
hygienic integrity of the reception vessel is critical. Contamination at this point will
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affect the entire production, while failure of the cooling or chilling system will
accelerate spoilage.

Inevitably, some of the possible potential hazards associated with hand milking in the past
would not have been considered in this analysis, since basic hygiene would certainly be
routine on a modern first-world dairy farm; for example, washing down the udder before
milking, the use of sterile disposable gloves by the dairyman, using sterilised milking
clusters and tubing, and the conservation of expressed milk at refrigerated temperatures.

6.4.1: Speculative HACCP flow chart as applied to hand milking in antiquity
Using HACCP principles, it is possible to construct a similar, simplified flow chart for
milking in antiquity (figure 6.6). A certain amount of speculation must be used to infer the
procedures adopted, and cultural and geographical differences may also apply, but material
culture and ethnographic studies, such as those already mentioned, can be of use in
validating the analysis. As well as revisiting the critical control points listed above, other
hazards, whose effects would be counteracted by modern standard hygiene procedures, will
be assessed to determine if critical. Physical hazards, such as those inherent through human
contact with the cow, also minimised in modern practice, will also be included.
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1: Locate cow

2: Herd cow

3: Restrain cow

4: Induce let-down
5: Hand milk

6: Milk in pail

7: Conservation/Storage

Figure 6.6: HACCP flow chart for hand milking in antiquity.

The following potential biological hazards and problems could affect these processes.
Some of these may be reiterated, but it is important to list all potential hazards so each can
be analysed and considered whether critical or not in terms of providing a health hazard for
cows and neonate calves (or, indeed, human milk consumers). Archaeological relevance
and possible past awareness of these hazards is considered below (section 6.4.3).

Box 5: Hand milk. Microbial contamination of milk due to:
•

Contact with hand of operator.

•

Milking a cow with mastitis in one or more quarters.
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•

Milking a sick cow (other than mastitis).

•

Retaining rather than discarding contaminated first expressed milk from teat cistern.

•

Milking an unclean or injured teat.

Hand milking brings the milker into intimate physical contact with the cow. This could
additionally result in bovine-to-human cross-infections, such as:
•

Enteric infections, due to faecal contamination, such as Escherichia coli,
Salmonella or Campylobacter species.

•

Ringworm infections through contact with infected hair or skin, caused by
Trichophyton or Microsporum species.

•

Infections caused by bovine venereal organisms, such as brucellosis, through
contact with vaginal mucus.

•

Respiratory diseases, due to contact with bovine saliva or aerosols produced by
coughing, such as tuberculosis (this also applies in reverse as a potential human-tobovine cross-infection).

Box 6: Milk in pail. Microbial contamination due to:
•

Soiling from udder or underside of cow due to faeces, vaginal discharge, mud or
dirty bedding.

•

Soiling from rain drips from wet cow, carrying coat contaminants as above.

•

Soiling from clothing of milker.

•

Access by flies or other insects.

•

Airborne contamination such as dust.

•

Unclean milking pail, due to biofilm from previous use.

•

Aerosol contamination due to coughing, due to respiratory illness in milker or cow.

Box 7: Conservation and storage. Microbial contamination of pooled milk product due to:
•

Access by rodents or flies and other insects.

•

Airborne contamination such as dust.

•

Storage at (elevated) ambient temperature.
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•

Unclean storage vessel due to biofilm from previous use.

The HACCP flow chart also highlights the following potential hazards which could cause
physical or traumatic human injury:
Box 2: Herd cow.
•

Difficulty or injury due to herding a recalcitrant cow reluctant to be milked.

Box 3: Restrain cow.
•

Difficulty in restraining cow for milking; injury due to kicking by restrained cow.

The following logistical problems could also occur:
Box 4: Induce let-down.
•

Inability to promote let-down, since without let-down there is no milk product.

Box 6: Milk in pail.
•

Loss of milk due to upset pail. Although this appears simplistic, inadequacies in
bucket design or fidgeting by the cow could negate the object of the exercise.

6.4.2: Hazard analysis: critical control points
•

Contamination of milk in pail due to sick cow. This is critical since it could result
in inoculation of the milk with zoonotic and other pathogens, such as Mycobacteria
or Brucella, which can cause serious, long-term illness or even death among the
milk consumers, particularly the very old and very young, together with debilitated
individuals. This would apply equally to bucket-fed calves as to human consumers.
There may be no visible signs of illness in the cow. The organisms would be
acclimatised to their environment and ready to progress to log phase exponential
growth. Human epidemic zoonotic infections, caused by such organisms as
Salmonella or Campylobacter species, acquired in a similar way, could have had a
devastating effect on the whole community, as could the transmission of any of the
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organisms mentioned to young calves via bucket feeding.

•

Drawing milk from a mastitic quarter. This could inoculate the milk with mastitis
pathogens, already in log phase, such as Staphylococcus aureus or Escherichia coli.
It could also result in the mastitis pathogen being introduced into uninfected
quarters of the same cow, or any other cows in the herd that the operator milks
subsequently, which would have serious economic consequences. The mastitis
organisms could cause the milk to spoil, and if pooled, affect the product of the
entire milking session. Some mastitis organisms, such as Escherichia coli, can
infect human and animal consumers, and, potentially, cause death in vulnerable
individuals, such as the young, the old, or the debilitated.

•

Contamination from the hand of the milker. Pus from a wound, sore, or cut, faecal
or soil contamination, or any other unclean manifestation on the hand that grasps
the teat, could result in a human or other pathogen coming into contact with the
stream of milk. It could also infect all teats handled by that individual, resulting in a
herd outbreak of mastitis or abortion.

•

Failure to induce let-down. Let-down is fundamental in dairying; failure to
produce milk means an individual animal is not being exploited for its ‘secondary
product’.

197
Apart from the last point listed, these are serious microbiological problems, and they have
the potential to cause severe outbreaks of infection and even death among the human milk
consumers and pail-fed calves. Milk contamination with any pathogens involved could
occur every time the animal is milked. Crucially, hand milking may also spread the
infection throughout the entire milking herd. Failure to induce let-down is included as a
critical control point, since, extended to herd scale, it represents the potential collapse of a
dairy economy.

Other hazards were judged as non-critical either because they can be considered ephemeral
or because their consequence is likely to have been relatively trivial. For example, an upset
milking pail can easily be refilled at the next milking session with little repercussion.
Similarly, airborne dust or debris in the pail is unlikely to cause severe contamination of
the milk. Even faeces, dirt and hair from the cow may not cause a serious problem since
such material is likely to be dry and any contaminating organisms carried may be in a
desiccated condition, hence barely viable. Apart from neonates, human and animal
populations in the past were likely to have had stronger developed immune systems than at
present, since they were continually exposed to pathogens in their environment (Roberts &
Buikstra 2003: 127), so such superficial doses of infection could probably have been
resisted, except, perhaps, by debilitated individuals and the very young. Physical injury,
through contact with an uncooperative animal, may have been serious, but this would
probably have been limited to a single human individual.
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6.4.3: Archaeological evidence and possible relevance
In archaeological terms, historiography and surviving material culture can be used to infer
solutions devised in the past to mitigate some of these hazards, or at least to demonstrate
awareness of their existence. Examples are:
•

Hobbling the cow while milking with rope or a wooden spancel to prevent kicking
(Kelly 2000: 40).

•

The possible use of fogous, earth houses and souterrains as cool storage for dairy
products (Wood 2000: 102-103; Thomas 1972). As mentioned in section 4.4
(figures 4.10 & 4.11), one Iron Age phase of one of the Orkney study sites, Howe,
incorporated an underground structure, adapted from a Neolithic stalled tomb; this
could feasibly have been used as a cool store for milk and dairy products. Similarly,
the underground structure at Mine Howe (section 4.2; figure 4.4) could have been
utilised at some stage in its existence; the water-filled cistern in particular would
probably have been efficacious as a cooler for storage vessels.

•

Milk pail design to maximise stability; the use of a yoke for safe transport.

• Mastitis was recognised in early Christian Ireland; a three-teated cow is often
mentioned. Dalśiche in 8th century law-codes has been interpreted as ‘blindteatedness’, in other words, a non-functioning quarter due to mastitis, while ma
údgilti, ‘udder-grazed’, may refer to a more overt disease of the udder (Kelly 2000:
201, 512).

6.5: Calf husbandry
Calf death remains a serious problem in modern dairying. In 2006, approximately 1 in 14

199
beef calves died on UK farms, compared to around 1 in 6 dairy calves (DEFRA 2006). Life
is hence far more tenuous for the dairy animal than its beef counterpart; factors affecting
differential mortality rates include housing, seasonal changes and management differences.
In antiquity, if the animal was not to be culled to maximise milk for human consumption, a
number of management factors could have affected neonate calf survival. The most
significant were probably inadequate colostrum intake, poor or contaminated feed,
inadequate housing, and possible cross-infections from other calves. Without disinfectants,
antibiotics, modern agricultural aids or housing, these aspects of dairy husbandry would
have been highly significant.

6.5.1: Colostrum intake
The role of colostrum (first-milk) in preventing disease was discussed in section 5.4;
animal husbandry practices could have had an important influence on its effectiveness. It is
crucial that the calf drinks an adequate supply of colostrum within the first 18 hours after
birth. The limiting factor is the permeability of the gut wall to the maternal
immunoglobulins carried by colostrum; this begins to decline after birth, and has ceased
after 18 hours. Calves that are weak and ‘stupid’ after a long or difficult birth are unlikely
to drink enough colostrum in time and will be at risk of subsequently succumbing to
infection (Webster 1984: 8). Any interference or separation enforced on dam or calf during
this 18-hour period can have a similar detrimental effect.

Attitudes to colostrum in the past appear ambivalent; in early mediaeval Irish law-texts, the
owner of a cow cannot be distrained for any accidents it causes while giving colostrum,
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indicating the uncertain behaviour of the newly-calved cow, but also perhaps with some
inkling of the benefit the calf may derive from such ‘beestings’. On the other hand, the
author of the wisdom-text Tecosca Cormaic holds that colostrum is not suitable for human
consumption, being the ‘worst of foods’ (Kelly 2000: 38, 324). Columella is more
forthright, stating that colostrum is positively harmful to young lambs, and they must be
restrained from suckling till it is removed: “ea nisi aliquatenus emittitur, nocet agno”
(Columella De Re Rustica Book VII: Forster & Heffner 1968:248-9).

In some ethnographic contexts, such as present-day Kars in Turkey, farmers believe that
colostrum consumption is the cause of neonatal diarrhoea, and accordingly calves are not
allowed to suckle for the first few days of life (Koç & Gökce 2007: 210); with subsequent
increased susceptibility to neonatal infections due to a lack of colostral immunoglobulins.
Such an inverted perception of cause and effect may seem ridiculous in the light of modern
scientific evidence, but appears logical without it, and may have easily been traditional
behaviour in the past.

6.5.2: Calf feeding
The nutrition of calves required as dairy replacements or for fattening should be maintained
as far as possible to maintain health, despite the exploitation of the dam by milking. After
receiving colostrum, the calf should be allowed ad-lib access to the udder until let-down is
established in the dam, which, as mentioned earlier, may have taken anything up to 40 days
after birth in antiquity (Halstead 1998: 6). Until the calf is weaned, suckling may then have
been restricted to milking times only, the animal being penned or otherwise restrained at
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other times in order to conserve milk; if a farmer allowed prolonged access of the calf to
the cow beyond weaning, the milk-yield from the cow would begin to reduce as she dries
off (Kelly 2000: 39-40).

Some form of milk-supplement or -substitute would obviously have been of value in
feeding the unweaned calf to maximise milk for human use. If milk-processing was
practiced, skimmed-milk, the by-product of butter-making, or whey from cheese-making
could be used. Skim consists of lactose and both casein and the whey group of milk
proteins; whey is similar but with lactose and the whey proteins, albumen and globulin,
only (Webster 1984: 56). To balance the diet, these could have been mixed with whole
milk to supply a reduced proportion of milk fat, or the calf would have been allowed
occasional access to the dam. Supplementary feeding would have required the calf to drink
from a container, such as a bucket, rather than from the udder. For this, commonly, the calf
is first allowed to suck from a finger, then the bucket is introduced so that its mouth is
submerged and it begins to drink. This may need repetition until the calf learns to drink
voluntarily (Webster 1984: 48).

With reference to the HACCP analysis for hand milking (sections 6.4.1 & 6.4.2), it can be
seen that at least one critical control point applies here. The milk in the bucket, probably
pooled from several milkings, may have been contaminated by one or other of the means
stated, this could then be transmitted to the vulnerable calf. Skimmed milk and whey, as
by-products of milk processing, were also likely to be highly contaminated: they are liquid
products of the phase inversion effected in milk processing, where the fat-in-water
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suspension of milk becomes a water-in-fat emulsion in, for example, butter, in which
remaining water is embedded as c10μm diameter droplets. This is highly important, as
although microbial contaminants will be present within this liquid phase, carried over from
the original milk, droplet size will limit the nutrient available, giving such contaminants an
attenuated lifespan (Adams & Moss 2006: 118-119). Thus, the solid phases, butter and
cheese, keep better since the majority of milk contaminants are transferred to, and survive
in, the liquid phase. Dairying in antiquity was performed without modern machinery, and
the more consequent human manipulation through processing of milk and milk products,
the more contamination would have ensued. Hence displacing the unweaned calf from the
udder could have had a detrimental effect on its chances of survival.

6.5.3: Calf housing and cross-infections from other calves
Calf-penning in the past would generally have been practiced to prevent them from
suckling, as discussed above. In Early Christian Ireland calves were restrained probably
using children as herders to keep them away from the cows, and housed in a pen (lías lóeg)
at night, possibly a circular wattled structure secured by driven stakes (Kelly 2000: 39-40,
364).

Calves will investigate solid objects orally within the first few days of life; in the presence
of the cow, they will begin to feed on herbage, aided by observation and imitation (Webster
1984: 147, 149). If confined with a bunch of calves in a calf-pen, this oral curiosity will
inevitably lead to oral contact with each other. Any latent enteric infection, such as
Escherichia coli or Salmonella dublin will thus be quickly spread through the entire group
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of animals. Similarly, infections such as pneumonia will also spread rapidly in closelyconfined animals through inhalation of infected droplets discharged in coughing and
sneezing.

6.6: Adult bovine disease and conditions
Adult cattle health is an integral factor in the pregnancy-lactation-pregnancy-lactation cycle
of both dairying and breeding for meat. There are a number or pathological diseases in the
adult cow, however, that, although not exclusive to dairy animals, may have been
exacerbated by the dairy husbandry processes that were integral to this means of
exploitation in antiquity, such as hand milking. Broadly, these come under five headings:
mastitis, pedal lameness, infertility, metabolic dysfunction and tuberculosis. The most
important economically nowadays, and probably in the past, are infertility, mastitis and
lameness. Early calf death can be directly linked to mastitis and metabolic dysfunction.

6.6.1: Infertility
Fertility is fundamental to herding: if a cow fails to conceive and produce a live calf, there
will be no continuity of food production; this means for beef farmers, there is no calf to
fatten and ultimately consume, for dairy farmers, no lactation will follow, so no milk will
be produced to consume or process. A barren cow is of no use to any farmer, and represents
a drain on fodder resources. Infertility may be regarded as an early expression of the foetalneonatal mortality syndrome (section 6.3), and several factors and pathogens are common
to both. There a number of fundamental causes which can be grouped under four headings:
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•

Diseases of the genital organs. Metritis, inflammation of the uterine mucus
membrane, is a frequent cause of infertility, and is commonly caused by the same
infectious organisms responsible for abortion (mentioned in section 5.2 et seq.),
such as brucellosis. The presence of micro-organisms, such as bacteria, in the uterus
may kill the spermatozoa or prevent implantation of a fertilised egg, by altering the
ecology of the uterine environment. The disease commonly occurs after calving,
and may result in a chronic purulent discharge (Leaver 1999: 39). In the male,
orchitis, inflammation of the testicle, commonly caused by brucellosis or
trichomoniasis, can result in infertility. The male genital organs are also susceptible
to injury from kicks (Boden 2001: 272).

•

Condition and feeding. Underfed cattle may become infertile, particularly heifers,
the ovaries becoming dormant; the diet must also be sufficiently varied to include
adequate amounts of vitamins, especially vitamin A, and also trace elements, in
particular copper and iodine. Cows in temporary weight decline may also be
infertile; timid animals may not be consuming enough fodder in competition with
others if feeding is ad-lib. The quality of feed is also significant; poor hay or other
fodder may also contribute to infertility (Boden 2001: 271).

•

Management. Where cows are kept separate from the bull, failure to detect heat or
oestrus can result in poor timing of service, leading to a failure to conceive. There
are seasonal cycles of sexual activity; a failure to breed during low-light winter
months is natural infertility, and may also be influenced by low temperature and
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poor diet; these factors may be highly significant in an Orcadian context. Sudden
changes of environment, close confinement, especially in dark quarters, and lack of
exercise can also promote infertility in both sexes. Incompatibility of size between
male and female may lead to inefficient coition: the penis or vagina may be too
short or too large, the female may not be able to bear the weight of the male, or the
male too small to mount the female. Either male or female may be too old, usually
due to cessation of oestrus in the female (Boden 2001: 271, 273).

•

Genetic Abnormalities. Ovarian or uterine hypoplasia are both hereditary
conditions which may predispose to infertility, as may endocrine insufficiency. In
the male, cryptorchidism, where the testes do not descend into the scrotum, is a
genetic condition that leads to infertility. Hypoplasia can also involve the male sex
organs, as can endocrine failure, although the latter occurs later in life, by which
time the bull may have already sired calves which will perpetuate the condition
(Boden 2001: 272-3). Repeated inbreeding will exacerbate any genetic
abnormalities and may also in itself be a cause of infertility.

6.6.2: Bovine mastitis
“Mastitis, an inflammation of udder quarters, must have been one of the first observed
diseases of farm animals when cattle were domesticated over 5000 years ago and since that
time will have been an ever-present problem for those who kept or milked cattle.” (Dodd &
Booth 2000: 213). Ethnographic and historiographic references supporting this statement
have already been made in sections 6.3 (Fitzpatrick 2000) and 6.4.3 (Kelly 2000: 201, 512)
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respectively. Mastitis can also be of significance to the human milk consumer; besides
causing rapid milk spoilage, some of the causative organisms are zoonotic. The following
description of the symptoms of clinical mastitis in cattle, including how it affects the milk,
was given by a group of ethnoveterinary practitioners in southern Sudan (Fison 2002: 25):

“Mastitis (tak): the udder becomes swollen, hot and hard: it is uneven in appearance

and may affect the animal’s walking. The milk has a poor taste and may be greenish
in colour: it becomes thick (like engine oil) and may contain blood. Some say that
there is blood in the udder swelling. One or more teats become blocked and nonfunctional; the cow refuses to suckle her calf, which often dies due to lack of milk.
The teat may drop off.”

Mastitis hence poses a threat to cow, calf and human consumer. The condition is not
limited to dairy cattle; but in beef or wild cattle only the individual cow, and possibly her
calf, is affected, and the condition may be restricted to a single quarter of the udder. In
dairying, however, unless rigorous hygiene is practiced, the process of hand milking
successive teats can quickly spread mastitis pathogens from a single affected teat to the
other teats in the udder, and from thence to successive cows, via the medium of the
milker’s hand; a herd outbreak can thus quickly ensue. As mentioned earlier, a penetration
by pathogens of only 3 millimetres into the teat canal is sufficient to cause clinical mastitis
in 30% of previously uninfected cows (Heald, 1985: 204).

The problem is further compounded when expressed milk from the individual animal is
pooled into a bulk container. While a healthy udder may excrete less than 1,000
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saprophytic and commensal organisms per millilitre of milk, mastitis-infected cows can
shed up to 10,000,000 pathogenic bacteria per millilitre; assuming the infected cow
contributes only 1% to the total, the bulk container will ultimately carry 100,000 pathogens
per millilitre (Murphy & Boor 2007).

It has been demonstrated that mastitis can be associated with abortion. Cows that had
clinical mastitis within the first 45 days of gestation were estimated to have 2.7 times the
likelihood of aborting within the next 45 days than unaffected animals, It is suspected,
though not proven, that an endotoxin from toxigenic strains of Escherichia coli is usually
responsible, since this agent had been implicated in early abortion in experimentally
inoculated cows. Inoculation of the toxin produced an immediate rise in blood
prostaglandin levels, resulting in luteolysis and a drop in progesterone concentration (Risco
et al. 1999). If proven, this factor could be of significance in early abortions associated
with cattle kept in unhygienic and insanitary (by modern standards) conditions, as might be
expected in history and prehistory. However, foetal material from such early abortions
would be highly unlikely to survive taphonomic processes and appear in archaeological
animal bone assemblages, and the cow would probably have been assumed to be infertile.

Mastitis as a syndrome can be peracute, acute, subacute, chronic or subclinical, in declining
order of the severity of the inflammatory response. Figure 6.7 illustrates the degree of
tissue involvement in clinical (acute) and subclinical mastitis.
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Figure 6.7: The degree of tissue involvement in various forms of mastitis (Boden 2001: 324).

There are 5 common modes of disease transmission in mastits (Hurley 2006):
•

Environment-to-cow. Here the causative organisms are found in the common
contaminants of the animal’s skin, in particular, the udder and teats: faeces, soil,
bedding material and water. Major culprits are coliforms, environmental streptococci,
and pseudomonads.

•

Contagious (cow-to-cow) mastitis. The primary habitat of the causative organisms of
contagious mastitis is the udder and in teat lesions. The disease is transmitted from cow
to cow via manipulation of the teats through milking, or via fomites such as a teat- or
udder-cloth. The major organisms causing this form of mastitis are Streptococcus
agalactiae and Staphylococcus aureus.

•

Teat skin to udder mastitis. Sub-clinical streak canal infections, caused by coagulase–
negative staphylococci and Corynebacterium bovis which are usually non-pathogenic,
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may progress to infect the udder. However, their presence may provide protection
against major pathogens, such as those associated with contagious mastitis.
•

Mouth to udder mastitis. Bucket-feeding calves with milk from cows that are mastitic,
or from bulked milk which includes infected milk, may contract tonsillary infections,
which on subsequent suckling of uninfected dams, can result in infection via this mode
of transfer. Streptococcus agalactiae and Staphylococcus aureus are again the major
pathogens involved.

•

Flies. Insects settling on milk-drips from successive udders can be vectors of
transmission of contagious mastitis organisms, particularly Staphylococcus aureus,
which can survive in a milk-drip for up to 96 hours. Arcanobacterium pyogenes, which
causes abscesses and purulent mastitis in dry cows and heifers, may also be transmitted
by this means. The common housefly soaks up moist material with its mouthparts as it
feeds, while depositing ‘fly specks’: small amounts of faecal matter and vomit, a
portion of which it will carry to the next feeding surface. Cows that drip milk are
frequent targets for flies and are more likely to have mastitis than other cows. Biting
flies often bite on the teat ends where the skin is thin, causing irritation and damage
which may result in wounds and scabs, which are particularly vulnerable to infection by
Staphylococcus aureus (Kirk 2003a).

The effects of the major mastitis-causing organisms may be briefly summarised:
•

Streptococcus agalactiae is an obligate pathogen, and inhabits ducts and cisterns in the
mammary gland inhibiting their function through the formation of fibrin clots, causing
inflammation. This leads to necrosis of the secretory tissue and a fall in milk
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production. However, it is not toxigenic and produces few enzymes (Hurley 2006;
Guidry 1985: 239-240).
•

Staphylococcus aureus is the main cause of contagious mastitis, resulting in peracute,
acute, chronic and subclinical syndromes, with proportionally reduced milk production.
The predominant form is chronic and sub-clincal, hence difficult to detect. It produces
enzymes and toxins, is highly invasive and can resist phagocytosis and the immune
system in general. It is facultatively intracellular, able to live inside phagocytic cells.
As mentioned above it can also survive to a limited extent in the environment, having
the ability to form a capsule under certain circumstances. Staph. aureus may colonise
the body sites of mammals, including humans, who themselves may act as carriers of
the disease, since 10-40% of people not associated with hospitals carry the organism in
the throat and anterior nares (Roberson 1999). The virulence of Staph. aureus strains
varies; it has the ability to mutate and form new strains of greater or lesser virulence
(Hurley 2006; Guidry 1985: 240-241).

•

Escherichia coli and Klebsiella pneumoniae, in common with other coliform species,
are environmental pathogens, found in faeces, bedding and soiled udder surfaces, and
causing peracute or acute mastitis. Both produce an endotoxin, resulting in udder
swelling, fever, depression and anorexia. Some cows may return to milk production
following infection, others may become agalactic, while others may succumb to the
infection and die (Guidry 1985: 242-243).

•

Pseudomonas aeruginosa infections are sporadic, but can be a serious herd problem.
The organism is ubiquitous, with minimal nutrient requirements. Outbreaks of mastitis
are usually associated with poor hygiene and sanitation in the milking area and contact
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with contaminated water. Ps. aeruginosa mastitis may be acute, subacute or chronic,
with periodic flare-ups. Milk may have a bluish tinge and sometimes a distinctive
odour. The animal may develop septicaemia with a fatal conclusion. Pathogenicity
results from the production of enzymes, such as proteases, and toxins, which can cause
cell death, together with an extra-cellular slime which inhibits phagocytosis (Guidry
1985: 243-244).
•

Arcanobacterium pyogenes causes severe acute mastitis; the organism may enter the
mammary gland haematogenously. It is more common in dry cows and heifers, so is
unlikely to become a herd problem (Guidry 1985: 244).

•

Streptococcus dysgalactiae is not an obligate pathogen; it a ubiquitous environmental
organism that may become an opportunist pathogen following teat injury, causing mild
infections, which may, however, result in the destruction of the affected teat (Guidry
1985: 240).

•

Streptococcus uberis mastitis is subclinical, transitory and not contagious, as it is not
spread from cow to cow through milking. It may invade via injury and is usually
associated with cold conditions; infections generally occur in winter in drying-off cows
(Guidry 1985: 240).

•

Campylobacter jejuni is one of the organisms associated with winter dysentery in cattle
(Boden 2001: 80), and can be part of the normal gut flora. As a result the organism may
be encountered in milk as a faecal contaminant through milking. However, C. jejuni has
also been implicated in asymptomatic mastitis (Kassa et al. 2005), which can result in
its direct inoculation into expressed milk. This organism hence probably poses a greater
problem as a zoonosis than as an agent causing disease in bovines.
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6.6.3: Lameness
Pedal lameness is currently the most important disease in dairy cattle in terms of welfare
issues; in causing severe pain to the cow, it inhibits movement and activity, resulting in
reduced milk yield, loss of body weight and infertility (Watson 2007: 7). Over 90% of
lameness affects the foot; leg problems are relatively uncommon nowadays, although in
antiquity when cattle were sometimes used for tractive effort, they may have been more
common. Cattle in the past may, however, have been less susceptible to pedal lameness
than their modern correlates, due to their smaller size, and hence weight (Davis 1995: 178).

In the foot, there are 4 main forms: white-line abscess formation, sole ulceration, digital
dermatitis and foul-in-the-foot (Boden 2001: 292-293). The white line indicates the limit of
the horny hoof where it joins the sole. As such it is an inherently weak area in the structure
of the foot; cracks often form in the white line allowing ingress of dirt and concomitant
bacteria. This may result in abscess and hence lameness. The commonest site is on the
outside of the outer claw of one of the hind feet. Cattle confined in yards with irregular
hard surfaces are often susceptible to this condition. White line disease can also be
associated with laminitis, discussed below (Shearer & Amstell 2000: 3-4).

Sole ulcers are one of the most usual forms of foot injury in dairy cattle, and, again, usually
occur in the outer claw of the hind feet. Sole ulcers can lead to infertility and chronic
lameness, and may result in septic arthritis. Laminitis, which may be mediated by dietary
changes or housing conditions, can lead to disturbance of the dermal-epidermal junction of
the hoof. Laminar separation follows, allowing the pedal bone to displace, compressing soft
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tissues and leading to ulcer formation, typically in the middle of the sole (Boden 2001:
293-294; Watson 2007:19-20).

Spirochaete bacteria are the commonest cause of digital dermatitis, as they produce a
keratolytic toxin which attacks the horn/skin junction at the coronary band to produce
either erosive or proliferative lesions; the latter are generally known as ‘hairy warts’ in the
USA. The interdigital space is the commonest site of infection. Confined, housed cattle are
particularly susceptible to this condition (Watson 2007: 79-80).

Foul-in-the-foot (interdigital necrobacillosis - called foot rot in the USA), which can
account for up to 90% of lameness cases, results when the bacterium Fusobacterium
necrophorus enters a wound in the foot tissue or through the skin following devitalisation
from frost or through contact with mud, faeces or decomposing urine (Watson 2007: 9394). The organism causes progressive necrosis of the foot tissue, with concomitant pain and
lameness. Hind feet are more usually affected than fore feet, due to their greater likelihood
of soiling from faeces and urine. Abscesses can be caused by a foreign body, usually a
stone, lodged between the claws of a hind foot, while uneven hard surfaces in cow housing
can cause sole ulceration; the provision of dry straw for standing surfaces and bedding
reduces the prevalence of foot lesions from 25% to 8% (Boden 2001: 208-209).

There is a more severe form of this disease, known as ‘super-foul’, a fulminating infection
which causes rapid enlargement of the area and depth of the affected area, commonly
resulting in hoof bone infection, or osteomyelitis. Clinical signs include sudden lameness,
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usually in a single foot, increased temperature, large masses of tissue developing around
craterous areas in the damaged skin, and swelling spreading slowly up the leg. Often the
only modern recourse is amputation of the affected hoof (Laven 2004). Such bony
involvement might be expected to be visible in the skeletal remains of affected cows, with
areas of periostitis and new bone formation, which may be visible as pathological changes
in archaeological animal bone assemblages.

Any initial lameness condition can progress to involve deeper structures of the bones of the
foot and leg, particularly if left untreated with antibiotics as would have applied in
antiquity, where poor initial response by the herdsman would have drastically increased the
chances of joint involvement. This extension of infection would primarily affect soft tissues
such as tendons and bursae, but eventually further complications will ensue, involving
joints and bones of the foot and lower leg (figure 6.8).

Figure 6.8: extension of infection from solar ulcer, leading to tendon and bursal involvement (Watson 2007:
69, upper).
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Joint infection through invasion by a pathogen or its products results in a severe
inflammatory response, producing profound changes in the joint: the cartilaginous surfaces
may degenerate, the joint capsule may swell and thicken, the bone may react by enlarging
the joint surface through the production of exostoses, or in extreme cases, the joint may
undergo ankylosis, the component bones fusing together (Watson 2007: 98-99).

Lameness problems are often the direct result of poor ‘cow tracks’, the paths trodden twice
daily by the dairy herd from pasture to the milking parlour, shed or byre. Tracks may be
problematic for any of at least 10 reasons (Bell 2007: 1). These points would have been as
valid in the past as they are today:
•

Sharp stones may penetrate the claws resulting in infections, especially in the white
line or under the sole.

•

Abrasive, stony cow track surfaces can result in thin soles, especially if long
distances are walked in the fresh-calved period when claw growth is temporarily
reduced.

•

Wet, muddy and waterlogged tracks soften claws, increasing their susceptibility to
bruising and white line separation.

•

Large rough stones can bruise claws, especially if the walk length is long or if the
soles are soft (due to wet conditions) or thin.

•

Deeply pooled mud and slurry increases the risk of foul-in-the-foot.

•

Mud and slurry can form thick crusts on the heels, creating the conditions for
infection, and may result in digital dermatitis.
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•

Combinations of foul-in-the-foot with other conditions, including digital dermatitis,
can result in outbreaks of super-foul.

•

Mud, water and slurry can splash onto the udder increasing the risk of
environmental mastitis or milk contamination.

•

With muddy and waterlogged tracks, cows cannot choose a route that avoids
stepping on the stones hidden under the surface mud.

•

Cows walk more slowly on uncomfortable tracks, increasing herding times.

Ancient cattle-herding, in palaeoeconomies based on meat or milk, probably involved long
periods where animals were kept indoors, particularly in climates with long seasons of cold
and wet weather, such as Orkney. They may have been close-herded in yards, as inferred at
Howe (figure 4.12) possibly on stony hard uneven surfaces where the animals may have
spent long periods standing in mud and slurry. Cow tracks used if the animals were brought
in for daily milking were likely to be rough and stony, or involve crossing heavily poached
soil. These conditions would appear to predispose cattle to lameness, caused by foul-in-thefoot and super-foul in particular, as no antibiotic treatment was available. In early Christian
Ireland, loisce buaile corresponded to foul-in-the-foot, in this case acquired through cattle
grazing in muddy paddocks (Kelly 2001: 204). Unfortunately, it would probably be invalid
to use the occurence of lameness in an assemblage to differentiate dairy from beef animals,
as both classes of animal were likely to have been housed indoors in inclement conditions,
although beef animals would not have been brought in twice daily via cow-tracks for
milking. Milking could, indeed, have taken place in the field, especially where animals
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were conveniently tethered, or in the byre in stalls when animals were permanently
indoors; hence without recourse to cow-tracks.

Two further factors may also exacerbate the occurrence of lameness: the use of ties to
restrain the animal indoors, and the frequency of manure removal. A recent study of a
group of dairy farms in the Italian Alps, where animals are allowed a free-ranging period in
summer, followed by a long cold season indoors in tie-stalls, found the occurrence of
lameness to be inversely proportional to the frequency of manure removal, and that cows in
tie-stalls had a high incidence of pedal and body lesions, together with a higher mastitis
rate, disease rate and lower fertility status, compared with loose-housing systems (Mattiello
et al. 2005).

In the Northern Isles during the mediaeval period, cattle were tied to perforated stones or
dooks (figure 6.9) protruding from the wall of the byre, often ranged in line without
partitions. It is possible that the use of such restraints extends retrospectively beyond the
Viking period. Over winter, dung was allowed to accumulate in the byre, to be taken out in
spring to manure the land prior to sowing. As mentioned earlier, often a second set of
dooks was provided, higher than the first, to compensate for the rising ‘tide’ of dung over
winter (Fenton 1981: 214). Such practices might have predisposed the cattle to lameness
following the Alpine paradigm mentioned above.
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Figure 6.9: typical cattle restraint or dook from Fair Isle (Fenton 1997: 430; figure 205).

Without veterinary intervention, pedal infections and resultant lameness could eventually
have become chronic, possibly resulting in bone lesions, which might be demonstrable in
archaeological bone assemblages. The presence of such lesions indicative of lameness in
cattle bones from an archaeological assemblage may have little relevance as corroborative
evidence in the diagnosis of a specific animal exploitation strategy, such as dairying, but
may be helpful in inferring lameness-inducing husbandry practices, such as those described
above, which might then be related to excavated structures, such as a putative byre or
cattle-yard, as at Toft’s Ness (figure 4.15).

6.6.4: Metabolic dysfunctions
Calcium deficiency is a condition that might be expected to have challenged cattle kept
specifically for dairying, resulting in milk fever or hypocalcaemia. This is a metabolic
condition most frequently, though not exclusively, associated with heavy-milking cows; the
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majority of cases falling within 3 days of parturition, although milder cases may occur up
to 4 weeks from giving birth (Boden 2001: 336).

Blood samples show a shortage of calcium, but the calcium regulating mechanism is
highly complex and this may be more than a simple deficiency disease. After showing
signs of excitement, the animal staggers, loses balance and falls to the ground; this is the
classic expression of the ‘Downer Cow’ syndrome. Breathing becomes deep and slow, the
pulse is fast but weak, the extremities cold. Death follows coma in 90% of untreated cases.
Modern treatment consists of an intravenous or subcutaneous injection of calcium
borogluconate solution (Boden 2001: 336-337; 149); needless to say, this would have been
unavailable in antiquity, and the cow would die.

Phosphorus deficiency in cattle is another dairying-mediated metabolic disease associated
with so-called ‘milk lameness’ in heavy-milking cattle. It is characterised by hip lameness,
unthriftyness and lassitude. Cows are unable to obtain sufficient phosphorus from
unsupplemented herbage; the condition may also be associated with either drought or high
rainfall (Boden 2001: 337; 149). Hypophosphataemic cows may also be ‘downers’.

Both these conditions may have applied in antiquity, where cattle may have been overmilked while receiving inadequate nutrition.

220
6.6.5: Mycobacteria species in adult cattle
There are three species of this genus that are most significant in the bovine: Mycobacterium
tuberculosis, M. bovis and M. johnei (M. avium subspecies paratuberculosis). The latter is
the causative organism of a serious illness, Johne’s disease, resulting in chronic scour and
debility; in dairying there is a dramatic reduction in milk production and herd fertility. This
disease is extremely common (around ⅓ of US dairy cattle were infected in 1997) (Boor &
Murphy 2002: 110-111), and would probably be exacerbated by the poor hygiene
conditions that might be anticipated through animals being kept indoors over winter, since
the disease is faecally transmitted.

M. tuberculosis is almost exclusively a human pathogen, while M. bovis is prevalent in a
variety of species, including bovines, it is freely transmissible between these species; it is
also transmissible to human as a zoonosis. Primarily a respiratory disease, transmission of
tuberculosis (TB) between individual cattle is generally via aerosol particles from coughing
or exhaling; close contact with other animals, especially within byres or milking sheds,
where the air is still and humid, is ideal for droplet inhalation (Mays 2005: 125). Such
conditions are typical of dairy husbandry practices, both modern and antique, where
animals may be confined to yards or covered housing before being milked.

The bacteria enter the lungs, multiply and spread to adjacent lymph nodes. If the immune
response in the individual animal is effective, infection may be limited to the lungs, and
remain dormant for long periods; a recrudescence of infection may occur if the animal
becomes debilitated, for example, and chronic long-term disease may ensue, limited to the
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lungs. In animals with a deficient immune response, initial infection may spread
haematogenously from the lungs to other organs (Kirk 2003b), including the uterus and
mammary gland, although only 1-2% of lung-infected cattle develop the latter.
Tuberculosis mastitis can result in massive excretion of tubercle bacilli into the milk, which
may infect suckling calves (or human consumers) by the oral route (Kirk 2003b). In the
early stages of infection, however, TB mastitis is impossible to detect without bacterial
culture.

While remaining a threat to other animals and humans by aerosol spread of disease, lunginfected cattle often display little overt illness, such as a cough, weight loss, or reduced
milk production. Hence, disease may have been difficult for early farmers to infer. In early
Christian Ireland, scamach referred to disease of the lungs, which may have corresponded
to tuberculosis (Kelly 2000: 197).

Human individuals suffering respiratory symptoms of M. bovis TB can retransmit the
disease to uninfected cattle via infected sputum, perhaps while milking or in other close
contact. It is unlikely that the human disease, caused by M. tuberculosis, would be
transmitted effectively from human to bovine, however, as this organism does not cause
progressive disease in cattle (Mays 2005: 126).

6.7: Summary
Chapter 5 attempted to describe some of the aetiologies of foetal and neonate death which
might have had relevance to putative cattle-herding in the Northern Isles in antiquity. The
possible means through which such diseases might have been acquired has been discussed
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in the present chapter, with particular reference to dairy husbandry practice. It has been
suggested throughout this study that elevated foetal and neonate death might indicate
dairying; not solely through human slaughter, for the reasons already rehearsed, relating to
the inception of maternal milk let-down, but through one or more of the aetiologies
described in the previous chapter. This chapter has attempted to show why, as is the case
currently in the UK (section 6.5), more ‘natural’ neonate deaths may have resulted from
dairying, rather than keeping animals for meat alone.

Domesticated cattle exchange the hazards of predation by carnivores, insecurity of food
supply and environmental uncertainties such as adverse weather conditions, for those
resulting from human interference and control. Both beef and dairy management strategies
involve close-herding, and, depending on such factors as geography and climate, can
involve animals sometimes being kept indoors, which can lead to infections through poor
hygiene; the risks of lameness appear to be similar for both meat- and milk-exploitation,
although dairying may sometimes involve daily use of cow tracks, which may add to pedal
debility. Nutritional problems due to insufficiencies of diet, such as a lack of winter fodder,
may also apply to both strategies. However, nowadays, as in the past, there are two crucial
differences between beef and dairy management: dairying involves milking (by hand in
antiquity) and some inherent degree of physical separation of the calf from its dam. Both of
these factors have been demonstrated in this chapter to contribute towards foetal and
neonate death: by dissemination of pathogenic bacteria via human hands through lack of
hygiene in milking, and through inadequacies of nutrition, possibly coupled with
insufficient colostrum consumption in newborn calves. The practice of bunching calves
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together to contain them and prevent access to maternal udders can result in the spread of
faecal scouring throughout the bunch, caused by omnipresent organisms such as
Escherichia coli, which in debilitated or immunologically-compromised individuals can
lead to rapid death.
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CHAPTER 7: BOVINE MOLARIFORM TOOTH DEVELOPMENT
AND CONFIGURATION

7.0: Introduction
This chapter provides a brief physiological background to the ageing techniques involving
the bovine mandible, which will be utilised in the forthcoming methodological section of
the study. In particular, it supports the most significant technique, in which a novel
adaptation of an existing method (Brown & Chapman 1991a, b) is utilised. This relies on
the identification of various developmental stages of deciduous bovine molar and premolar
teeth, as revealed by radiography. In describing the configuration, dental formula and
morphology of the bovine lower dentition, the chapter also gives physiological
reinforcement to other ageing methodologies, discussed or applied elsewhere in this study,
such as wear-stage analysis and tooth eruption.

After a brief discussion on generalised tooth structure, the embryological development of
the mammalian tooth is described, from tooth germ to eruption, and, for the deciduous
dentition, the ultimate exfoliation of the tooth. A chronology of visible stages in the prenatal development of bovine mandibular teeth is set out, based on published data derived
from a radiographic study of sagittal sections of foetal skulls. A description of post-natal
development follows, detailing the order and extent of eruption of the deciduous and
permanent lower molar dentitions in cattle. Finally, the configuration and morphology of
lower molar teeth is described, giving the bovine dental formula, with an indication of
visible characteristics enabling identification of isolated teeth.
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7.1 Mammalian tooth structure
Teeth are composed of 4 tissues: soft pulp, and calcified dentine, enamel and cementum.
The latter also forms part of the periodontal support of the tooth (figure 7.1).

Figure 7.1: generalised mammalian lower anterior tooth in bucco-lingual section (Türp & Alt 1998: 73).

Pulp, within the pulp cavity of the tooth, contains nerve fibres, blood and lymph vessels,
together with specialised odontoblast and fibroblast cells, and undifferentiated
mesenchymal cells. Dentinal tubules, containing odontoblast processes, ramify throughout
the dentine and give its characteristic structure; the density and diameter of these tubules
decreases the further they are away from the pulp cavity. Dental enamel is 95% inorganic,
and is sometimes regarded as a crystalline structure. The periodontium comprises tissues
that anchor and support the tooth in its alveolus, which consist of cementum, supra-alveolar
gingival fibres, the periodontal ligament, junctional epithelium and alveolar bone (Türp &
Alt 1998: 74).

7.2: Tooth embryology and development
Individual tooth development in cattle is essentially similar to that of teeth from humans
and other species, and can be described in 9 ‘life-cycle’ stages:
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7.2.1: Initiation: cell growth begins from the sub-epithelial mesenchyme layer within the
embryonic oral cavity, itself the result of a complex series of infoldings at the early
embryonic stage of development. The mesenchyme will also form the basis for subsequent
development of local muscle, cartilage and bone (Hillson 2005: 208). Localised
proliferation of cells leads to an arch-shaped concentration along the developing maxilla
and mandibles. The overlying epithelium responds to produce the primary epithelial band,
which subsequently resolves into two lobes at the future location of each tooth, the dental
and vestibular laminae (figure 7.2, A to C) (Brown et al. 1960: 8; Hillson 2002: 118-119).

A

G

B

C

D

E

F

Figure 7.2: sequence of tooth germ development, showing formation of laminae (A to C) and enamel organ
(D to E); deposition of enamel matrix (F) and predentine (G) (Hillson 2002: 119, figure 5.1).

7.2.2: Proliferation: the mesenchyme cell concentration localises on the dental laminae;
these form multiple swellings to create the enamel organs (figure 7.2 D to E) where the
epithelium originating from the dental lamina begins to form a cap. An agglomeration of
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cells, the enamel knot, forms within the indentation of the cap; these cells control the
development of the nascent tooth (Hillson 2005: 208; figure 7.3). Mesenchyme cells
enclosed by the cap condense to form a papilla, which will subsequently differentiate into
odontoblasts, or dentine-forming cells. Undifferentiated mesenchyme surrounding the
papilla then forms an enclosing sac or dental follicle; this will ultimately form the dental
cement and periodontal membrane.

Figure 7.3: bud, cap and bell stages of tooth germ development showing the position of the enamel knot and
later differentiation of enamel and dentine. The cross-hatched area represents the dental follicle (Hillson
2005: 209, figure 3.1).

7.2.3: Morphodifferentiation: the epithelium within the enamel organ develops forming a
lower layer which deepens to the ‘bell’ stage (figure 7.3); as it enlarges, it creates a
template of folds which will ultimately form the crown. These folds are formed where
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clusters of cells cease division so that the layer of surrounding dividing cells begins to
distort, ultimately forming a cusp. Hence, the internal enamel epithelial layer forms a
template for the future shape of the tooth before the commencement of deposition of
enamel and dentine (Brown et al. 1960: 8). The morphology of the epithelial template
varies, depending whether the future tooth is to be an incisor, canine, premolar or molar.
Enormous variation also exists between species. The high-crowned hypsodont molariform
teeth of ungulates, such as the bovine, originate from a large complex enamel organ. Deep
indentations may correspond with the infundibula of bovine molar teeth, ultimately
forming wide fissures between tall cusps (Hillson 2005: 210).

7.2.4: Histodifferentiation: where epithelial growth ceases, the cells differentiate into
ameloblasts, while underlying mesenchyme cells in the papilla differentiate into
odontoblasts. The odontoblasts begin to secrete predentine, which the ameloblasts
subsequently cover with enamel matrix (figure 7.3: ‘late bell stage’). This process
continues, triggering waves of cell differentiation around the initial stages, ultimately to
form the crown (figure 7.4) (Hillson 2002: 119; Brown et al. 1960: 8).

7.2.5: Apposition: the formative ameloblasts and odontoblasts orientate themselves along
the dentino-enamel and dentino-cemental junctions, before initiating apposition. Enamel is
laid down regularly and rhythmically in layers (Brown et al. 1960: 8). The ameloblasts lay
down globules of matrix one upon the other to form a tall prism extending from the
dentino-enamel junction to the surface of the crown. The prisms are built up regularly in
daily increments which may be seen in mature enamel as swellings of the enamel prisms,
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and weekly increments which can be distinguished in mature enamel as striations or lines
of Retzius. Enamel incrementations begin at the cores of the future cusps, as described
above. Each cusp grows in height until it reaches its ultimate size, when deposition widens
to form the sides of the cusp. Ridges form where infoldings of the internal enamel
epithelial layer cause indentations in the developing layers, which coalesce where they
meet. Figure 7.4 shows an idealised molar, where cusps and ridges themselves develop and
enlarge till they meet to form fissures and further ridges, ultimately creating the occlusal
surface. Once this is formed, overlapping sleeves of enamel are laid down to form the
crown sides. These taper, ultimately to terminate at the crown skirt, where the enamel
epithelia proliferate to form Hertwig’s epithelial sheath, which will subsequently form the
tooth root (Hillson 2002: 121).

Figure 7.4: Dentine and enamel layering on crown of idealised molar tooth. Radial section in bucco-lingual
plane (Hillson 2002: 120, figure 5.2 (upper)).

Enamel apposition is mirrored by layers of predentine within the crown. These follow the
surface morphology ultimately to form and enclose the pulp cavity. Apposition commences
with the deposition of dentine matrix and fibrils at the dentine-enamel junction.
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Odontoblasts are tall columnar cells which correspond to the tall columnar ameloblasts. As
incremental layers of dentine are formed, protoplasmic extensions of the odontoblasts
remain within the dentine, as dentinal tubules. These widen and combine to form the pulp
chamber (Hillson 2002: 121). When the crown is complete, enamel apposition ceases,
while predentine apposition continues to form the root as a tapering tube; the process
ceases at the apex.

7.2.6: Calcification: this succeeds apposition, where the organic enamel matrix matures
into calcified enamel. When first complete, the enamel prisms contain 30% calcium salts.
Calcification begins at the cuspal tip and extends in planes at right-angles down the axis of
the tooth. Fully calcified enamel contains 96% calcium salts in the form of apatite crystals,
and 4% organic material and water, hence being almost entirely inorganic. Soon after tooth
eruption, the layer of ameloblasts degenerates into a pellicle which is worn away, so further
calcification of the enamel is impossible (Davis 1995:58).

7.2.7: Eruption: is a two-stage process, comprising pre-functional and functional phases.
Initially, teeth migrate from their site of origin, which may be within the bone crypt in the
case of bovine molar teeth. This pre-functional phase has three types of movement: incisal
(towards the occlusal plane), rotatory, and lateral, to align with the mandible. The second
phase of eruption is functional, in which the teeth move into occlusion, or opposition with
the corresponding antagonist maxillary or mandibular tooth. In the case of bovine incisors,
the mandibular teeth are opposed by the dental pad since there are no maxillary incisors.
For bovines, slow eruption continues beyond the functional stage to compensate for
attritional wear of the occlusal surface (Brown et al. 1960: 9-10).
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7.2.8: Attrition: wear occurs during mastication, and, in the bovine, ‘chewing the cud’
through regurgitation of food as the oppositional teeth grind against the nutrient and each
other. Wear may be exacerbated by coarse food or gritty soil. The thin layer of enamel on
the occlusal surface of premolar teeth, which may have a protective function during
eruption, is progressively worn away in the first month or so of life, exposing dentine, and
forms a series of enamel ridges corresponding to the infoldings of the infundibula;
opposing sets of ridges interact against each other in a milling action as the lower jaw
oscillates from side to side (Hillson 2005: 18). As mentioned above, slow eruption
compensates for loss of tooth height through wear, and the tall crowns of bovine molars
enable the continuation of tooth function despite considerable wear. Although enamel on
the occlusal surface is not replaced, continuous deposition of dentine within the tooth
prevents exposure of the pulp cavity, which progressively recedes into the roots (Brown et
al. 1960: 10).

7.2.9: Resorption and exfoliation: infant jaws are unable to accommodate large adult
permanent teeth, so are provided with a deciduous dentition of corresponding smaller
elements. As the animal grows, the deciduous teeth are displaced by the erupting
permanent teeth and shed. Preceding this process, the root extremities of the deciduous
teeth are resorbed, through the action of odontoclast cells in the surrounding connective
tissue. Cementum and dentine are resorbed from the root apex, enabling the tooth to
become less firmly fixed, and hence easily displaced and shed (Brown et al. 1960:10).
Some surrounding bone is also resorbed and this is necessary to allow room for the larger
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replacement permanent tooth. This then undergoes eruption, as described, in order to
occlude satisfactorily with its oppositional replacement and maintain tooth function.

7.3: Specialisation processes in bovid cheek tooth development
Bovid teeth are morphologically adapted for specialised use through 4 distinct processes.

•

Complication: Bovid cheek teeth show elongated growth and delayed root
development (hypsodont); one to three sickle-like invaginations (infundibula)
occupy the occlusal surface of the high crown, the whole of which is covered with
cementum. These teeth have evolved from the short enamel covered crowns with
long thin roots (brachydont) of their mammalian ancestors (Witter & Míšek 1999:
3; Soana et al. 1997: 107). The cementum may ultimately be lost by attrition as
continuing eruption, to compensate for wear, exposes the cementum to the oral
cavity. In archaeological specimens, this cementum coating sometimes breaks away
from the tooth surface through taphonomic processes (Hillson 1999: 11). Figure
7.5(a) shows a vertical section of a bovine molar in wear with cementum extending
over the crown and roots and exposed dentine; figure 7.5(b) shows an occlusal
view, with sickle-shaped infundibula exposed by wear.

•

Reduction: During evolution, bovids have lost all their upper incisors and canines,
to be replaced by the upper dental pad, together with the loss of the first upper and
lower premolars (Witter & Míšek 1999: 3).

233

Figure 7.5: (a) vertical section through bovine permanent molar in wear showing cementum coating
extending over the crown; (b) occlusal view showing infundibula (Reitz & Wing 1999: 48).

•

Translocation: From the ancestral mammalian uninterrupted dental arch, bovids
have developed upper and lower diastemas; this is the result of the loss of the first
premolar, extension of the facial bones of the skull, and in the mandible,
translocation of the canine teeth to the incisal row (Witter & Míšek 1999: 3-4).

•

Transformation: As mentioned above, the lower canine has translocated to the
incisal row; its morphology has altered to resemble an incisor. Hence the position of
the tooth in the jaw has informed its shape (Witter & Míšek 1999: 4). In a similar
way, the position, and hence function of the bovid deciduous 4th premolar has
influenced its morphological resemblance to a molar.
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7.4: Configuration of bovine molar and premolar teeth (Dental Formulae).
Bovine teeth are arranged according to the dental formulae for deciduous and permanent
teeth displayed below. The spatulate incisors are arranged in a fan-like conformation in the
anterior lower jaw, but, as mentioned above, are not reflected by corresponding upper teeth,
as there are no incisors or canines in the bovine maxilla. Instead the horny dental pad in the
anterior upper jaw occludes with these lower teeth, which are known as the rostral
dentition. A wide diastema, separates the canines from the premolars. There are no
deciduous molars (Brown et al. 1960: 11).

0
0
3
( i --- c --- p --- ) x 2 = 20
3
1
3

0
0
3
3
( I --- C --- P --- M --- ) x 2 = 32
3
1
3
3

Deciduous teeth (also written as 003/313)

Permanent teeth (also written as 0033/3133)

Bovine dental formulae. Key: i/I=incisor; c/C=canine; p/P=premolar; M=molar. (Witter & Míšek 1999: 3).

The standard nomenclature used in this study for the bovine lower cheek teeth is dP2, dP3,
dP4 for the three deciduous premolars (dP1 is normally missing in bovines, although it is
present in pigs), and P2, P3 and P4, followed by M1, M2 & M3 for the permanent
premolars and molars consecutively. Numbering is from mesial to distal.

7.5: Macroscopically demonstrable sequential development of the bovine dentition
This can be described in two phases: early foetal stages initially visible only through
radiography, and later macroscopic stages leading through eruption to occlusion and wear.
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The development of the foetal dentition has obvious relevance in the context of this study.
Only the lower dentition will be described.

7.5.1: Foetal stages
The data described originate from a study where bovine foetal heads, of known gestation
age, were sagittally sectioned before being radiographed (Gjesdal 1969), as discussed
earlier in section 3.5.1.

The first observable dental development stage on examination of films is the appearance of
the enamel organ, here referred to as a small or high goblet. The dental follicle, or alveolus,
enclosed by or associated with the goblet is next to be differentiated as a darker patch on
the film. This appears before the goblet in the dP2 and M1. For some teeth, such as the
dP4, 2 or 3, isolated goblets are observed, which later combined to give the crown its
characteristic profile. Extra enamel in the form of nuchal or labial hooks or points then
appear in some cases, giving crowns a 2- or 3- waved profile. The alveolar cavity is seen to
indent with the eventual formation of the pulp cavity. Root formation begins with a diffuse
area of opacity, gradually resolving into distinct morphologies; for dP4, the two main roots
appear first, followed by the accessory central root (Gjesdal 1969: 208).

Gjesdal produced a diagrammatic sequence tracing the stages of development for each
element (1969: 210-211; figure 12). The sequence for the lower jaw was reproduced in
figures 3.6(a) and 3.6(b); the following is a summary of this diagram.
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•

Around 120 days post conception: dP3 is at the small goblet stage, dP4 has 3
distinguishable alveoli. There is no sign of dP2 or M1.

•

Between 120 and 140 days: a goblet develops in dP3, enclosing its alveolus, while
dP4 has its alveolus dividing by septa.

•

Between 140 and 160 days: the first visible sign of dP2 begins with the appearance
of an alveolus; M1 also has an alveolus (first appears after 140 days (Soana et al.
1997: 108)), and goblet, later resolving into 2 units. The crown of dP2 develops
with the appearance of nuchal and labial hooks; similarly in dP4, the crown
develops from 3 alveolar compartments in touch.

•

From 160 to 180 days: the developing goblet of dP2 is visible (after 175 days
(Soana et al. 1997: 108)), in dP3, the crown becomes 4-hooked, and the alveolus
begins its septate division. dP4 also adds many small hooks or points, and its
alveolus is divided into 3 compartments. M1 forms within a deepening indentation,
its two components beginning to come together.

•

From 180 to 200 days post conception, the goblet of dP2 divides into two, enabling
its crown to form a 2-waved profile. dP3 adds 2 extra hooks; in dP4, the pulp cavity
is observable and roots are beginning formation. There are no visible changes in M1
at this stage.

•

From 200 to 220 days: the crown of dP2 hardens up; roots and pulp cavity in dP3
are incipient. dP4 has a fully-formed pulp cavity and two roots are distinguishable
(convoluted infundibula are visible after 185 days (Soana et al. 1997: 108)); M1 has
broadening goblets and the indentation deepens further to accommodate them.
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•

Between 220 and 240 days: dP2 develops a distinct 3-waved profile, but its alveolus
remains undivided; no changes are seen in dP3. dP4 has its third root and becomes
fully-formed. The goblets of M1 enlarge further.

•

From 240 to 260 days: dP2, dP3 have two roots and pulp cavity, and are thus
completed. The goblets of M1 conjoin to form the crown; roots have yet to appear
in this tooth, which is completed post-natally.

Figure 7.6 shows a sketch of the bovine mandibular cheek teeth at birth (c.280 days),
with the ages at which the dental germs first appear.

Figure 7.6: sequence of appearence of molariform tooth germs in bovine mandible (Soana et al. 1997: 113).
Dental germs appear at 140 days post-conception for the M1; 101 days for the dP4; 114 days for the dP3 &
175 days for the dP2.

7.5.2: Post natal sequence and chronology of tooth eruption in the bovine mandible
The dental development of cattle, in common with most mammals, consists of three phases:
the deciduous, mixed and permanent dentitions. For molariform teeth in the mandible, the
deciduous phase consists of three premolars, dP2, dP3 and dP4. The dP4 is usually almost
fully erupted at birth (reference to eruption here is through the gingiva, the tooth being
visible in the mouth of the living animal. Eruption through the mandibular bone takes place
slightly earlier), while the crowns of dP2 and dp3 are also fully formed, though not always
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visible per gingiva. These teeth appear, in reverse consecutive order, within the first 2
weeks of life (Brown et al. 1960: 28, 31). The roots of dP2, dP3 and dP4 also develop in
reverse consecutive order and these are all fully extended at around 2 months.

As mentioned above, at the birth stage, the first (permanent) molar, M1, is already under
development (crown half-formed) within its crypt, posterior to the dp4. Its final eruption is
completed through the gingiva at between 5 and 6 months; this marks the onset of the
mixed or transitional dentition. This will last until all the teeth of the deciduous dentition
have been shed and replaced by their permanent correlates after about 2 years. With all
molars, eruption begins as soon as the crown is completed, before root formation has
commenced. The second molar, M2, appears after around 1-1½ years; the third molar, M3,
emerges at 2-2½ years and is fully erupted and root formation fully extended at 3-3½ years
(Brown et al. 1960: 19, 31; FSIS 2004).

The permanent premolar teeth begin development within crypts formed between the root
apices of the corresponding deciduous premolars. As they develop, the roots of the latter
begin to resorb and the teeth are finally shed as the permanent premolars emerge. Crown
formation of P3 & P4 begins at around ½-1 year, at 1-1½ years crown formation is
completed in P3, while P2 is commencing crown formation. At 1½-2 years, crown
formation is complete in P2 & P4, while root resorption in dP2, dP3 & dP4 has commenced
to a greater or lesser extent. The deciduous premolar dP3 is shed between 2-2½ years, and
P3 is the first permanent premolar to emerge into the oral cavity at this stage. The
remaining premolars dP2 & dP4 are shed at between 2½-3 years, at which time their
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permanent counterparts P2 & P4 erupt. All premolars are fully erupted and their roots fully
extended at 3-3½ years (Brown et al. 1960: 19).

As discussed earlier, and shown in table 7.1 below, tooth development and eruption is a
gradual process. However, although the sequence of tooth emergence remains constant,
different chronologies may occur in different individuals, despite, in general, the overall
sequence remaining the same.
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7.6: Bovine mandibular tooth morphology
The lower permanent dentition conformation (premolars and molars in wear) is illustrated
in figure 7.7. The upper dentition is not described, being uninvolved in the age
determination methods described in this study. The main difference is the lack of rostral
teeth, as discussed. Upper cheek teeth are roughly similar to the corresponding lower,
although somewhat squarer in cross-section.

Figure 7.7: Diagrammatic occlusal view of bovine left permanent lower cheek teeth, in wear (Hillson 2005:
141).

As mentioned above, bovine premolars are characterised by having high crowns with
infoldings. The latter sometimes create a cavity, or infundibulum, within the crown, which
may be exposed as the tooth wears down; crown, foldings and infundibula are heavily
coated with cementum in life. Figure 7.8 is the mandible of a modern calf at around 6
months, with dP4 visibly in wear, M1 fully erupted and in occlusion, while M2 has yet to
erupt.
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Figure 7.8: photograph of right mandible of a modern bovine (around 6 months of age).

Apart from the dP4/P4, the permanent premolars are essentially similar to their preceding
deciduous correlates, having high ridges and infoldings, the latter being more pronounced
on the lingual side. However, the deciduous premolars dP2 & dP3 are smaller, waisted
cervically, with more slender roots. As discussed, the dP4 more resembles a molar than
premolar (see figure 7.8 above), being composed of 3 D-shaped cusps, enclosing 3
corresponding infundibula, and having 2 main roots, with a further, more slender, root on
the vestibular side. The dP4 hence presents an elongated mesial-distal outline (Hillson,
1999: 23). Two small pillars are situated between the curves on the vestibular side, which
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show discs of exposed dentine with wear, until incorporated into the main body with more
wear. In contrast, the P4 resembles the P3 with a single high ridge, and enclosing an
infundibulum near the cervical region. The complexity of infoldings increases from P2 to
P4; after attrition these infoldings and infundibula are exposed.

Permanent lower molars M1 & M2 in the bovine are composed of two elements, giving
them a B-shaped profile; the curve of the ‘B’ is to the vestibular side, and encloses a double
infundibulum. With wear, this appears as 2 flattened ovals within the exposed dentine.
There may be a small pillar within the curve of the ‘B’. M1 & M2 have 2 oval roots each.
M3 is similar, but with an accessory pillar, the hypoconid, to distal; the tooth forms a long
oval in horizontal section. There are two main roots reflecting the major elements, and a
smaller distal root below the pillar; this may sometimes be incorporated in the central root.
In wear the accessory pillar is sometimes revealed as a discrete disc of dentine. Figure 7.9
shows a diagrammatic representation of molar M3 with all 3 pillars in wear (Hillson, 1999:
23).

Figure 7.9: Mesial view of M3; shown in wear, showing characteristic hypoconid distal accessory pillar and
infundibula (Hillson 1999: opposite page 23).

244

Figure 7.10 shows the root patterns of the deciduous and permanent bovine dentitions, as
demonstrated by the tooth sockets in the mandible. The socket for the additional 3rd root of
the lower M3 & dP4 can be clearly seen. These socket patterns appear in the mandible
when teeth are absent through taphonomic action.

Figure 7.10: bovine tooth socket pattern of permanent (upper pattern) and deciduous (lower pattern) cheek
teeth in lower jaw (Hillson 1999: opposite page 24).
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CHAPTER 8: MODERN CONTROL ASSEMBLAGE: MATERIALS
AND METHODS

8.0: Introduction
Chapter 5 described some of the causes of attritional death of foetal and early neonate
calves which occur in modern dairying. As has been outlined in sections 1.1 & 2.2.1,
identification of such deaths within an archaeological context would potentially be of great
significance for exploring ancient husbandry practices, for example, in identifying the
economic goals of pastoral farming. It might also be of value in any consideration of the
palaeoepidemiology of bovine neonatal and abortifacient disease. Studies of unimproved
cattle have shown that the first calf can only be removed when around 40 days have
supervened after birth for lactation to continue, while for subsequent calves, the period can
be reduced to 10-15 days (Halstead 1998: 6). Calves found with an age-at-death of less
than 2 weeks or thereabouts would therefore have been more likely to have suffered an
attritional rather than an anthropogenic death. These discussions would require a technique
enabling high resolution age diagnosis from late gestation to the very early stages of life
(Vigne & Helmer 2007: 33).

This chapter describes the approaches used to develop a methodology whereby foetal and
neonate bovine material could be distinguished and aged with relative accuracy. This
process was initiated by the acquisition of a control assemblage of modern bovine foetal
and neonatal mandibles from 73 individuals. Roughly half the material was of foetal origin.
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Of the post-natal material, the majority (61%) was from animals whose age-at-death was
less than the 10-day figure mentioned above; the remainder progressively exceeded this
age, up to a maximum of 112 days.

By subjecting this material to a range of age-

determining techniques, the age predicted using each technique could be compared with the
known attested age. Alternatively, the control material could be used to age-calibrate new
or modified methodologies. If shown successful, one or more of these methods might then
be used to assess archaeological material, where the given bone element was available, in
order to demonstrate a more accurate age-at-death of these very young individuals than has
been possible using the techniques most commonly used in current bioarchaeological
investigations, such as tooth-wear analysis or examination for epiphyseal fusion.

The opportunity was taken to collect a metacarpal, where this was available, from some of
the age-attested individuals, for potential future analysis. Apart from labelling and
documentation, however, these elements were not utilised in the present study.

The methodologies utilised and described reflect a number of those already discussed as
ageing techniques in chapter 3, in particular, tooth-wear analysis. Metrical analyses of
various criteria of the mandible were also performed, although this is not a commonly used
ageing technique. Two techniques involving the examination of radiographic images were
studied, in order to assess the development state of the mandibular teeth while still in situ in
the bone. One of these latter methods is an adaptation of an existing technique, discussed
earlier in section 3.5.2, specifically modified for the ageing of foetal and immature bovines.
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Procedures for the production of radiographs required for these tests are also briefly
described.

Initially however, the sourcing, selection and collection of the modern control material is
described, including a summary of the data supplied with each, such as age, sex and breed.
In some cases, a diagnosis of the cause of death was provided. A proportion of the control
material was received in the form of an intact head and forelimb; in these cases, defleshing
was required in order to reveal and separate the required bone elements; mention is made of
this methodology, including pertinent health and safety aspects.

8.1: Modern control material: sourcing, selection and collection
21 modern age-attested post-natal mandibles, from individual animals ranging in age from
newborn to 16 weeks, were kindly loaned by Ms Dale Serjeantson, Honorary Research
Fellow at the University of Southampton. These constituted part of a collection made in the
1980s at the University of Liverpool Veterinary School by Dr John Baker. They had
already been defleshed and were hence ready for radiography. A single juvenile ageattested mandible (originating from Orkney) was also obtained from the University of
Bradford animal bone archive. No corresponding metacarpals were available with the
Southampton/Liverpool controls, and little information other than age was available; both a
metacarpal and diagnosis of death were forthcoming for the Bradford archive animal. A
further 51 age-attested bovine foetal and neonate samples, consisting in each case of the
head and a lower forelimb, were obtained from the Thirsk (North Yorkshire) regional
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laboratory of the Veterinary Laboratories Agency (VLA), a branch of the Department of
Environment, Food and Rural Affairs (DEFRA). VLA laboratories routinely receive
pathological material from farmers, via veterinary surgeons, for diagnosis and advice on
preventative treatment. Submissions of bovine foetuses are examined for microbial and
other abortifacients, by microscopic, cultural, histological and other techniques.

The supply of foetal material from the VLA for archaeological research was agreed after
negotiations with Mr Brian Preece, Head of Veterinary Surveillance for the VLA, and
Professor Stanley Done, head of the VLA Thirsk laboratory. Health and Safety conditions
had to be satisfied, since foetal tissues can present a potential zoonotic hazard, in particular,
brucellosis and salmonellosis. A COSHH (Control of Substances Hazardous to Health)
assessment form was submitted to the VLA, after approval by the University of Bradford
Safety Officer, Dr Hilary Dodson, specifying the Standard Operating Procedure (SOP) to
be adopted for recovery of bone from the foetal material (shown in appendix II). A
standard project submission form was also devised in order to acquire age, cattle breed, sex
and other data for each submission (appendix I). The foetal material was collected, in an
ultra-deep-frozen state (maintained at around -80ºC), from Thirsk (N. Yorkshire) over four
visits. Southampton-sourced material, already conserved for 20-25 years, had had the age,
and sometimes sex and weight, pencilled directly onto the mandible at some stage; there
was no supporting documentary evidence. The more recent Bradford archive mandible had
been verbally age attested by the farmer. Table 8.1 summarises the data supplied with the
Southampton-, Thirsk- and Bradford-sourced control material. Pre-natal material was ageattested in gestation months; post natal in days or weeks.
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8.2: Modern control material age and breed distribution
Figure 8.1 represents the age distribution of the modern foetal control material, calibrated
in months of gestation; figure 8.2 shows the age distribution of newborn and neonate
material, calibrated in days after birth. 8 foetal submissions were dated in ½ months. Two
foetuses were received with no indication of gestation stage. Most of the foetal material
was from 4 months gestation and later, since earlier abortions are less likely to be
recovered and submitted for analysis due to their small size. However, for this project, the
period of main interest is likely to be mid- to late- pregnancy and the first weeks of life,
since very young foetal material is probably insufficiently ossified and fragile to survive
taphonomic processes in archaeological assemblages. As can be seen in figures 8.1 & 8.2,
the sampling provides a peak around the time of birth.
Age
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Figure 8.1: Age distribution of modern bovine foetal material (n = 38). All obtained from VLA Thirsk (two
foetuses were not age-attested).
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Figure 8.2: Age distribution of modern bovine newborn and neonate material (n = 33). Obtained from: VLA
(n = 11); University of Southampton (n = 21); University of Bradford (n = 1) (age 0 = newborn).

As shown in table 8.1, information on breed and exploitation strategy (beef or dairy) was
provided for most of the VLA Thirsk samples. Table 8.2 shows the breed distribution. 20
animals were from beef herds, 30 from dairy (no breed information was available for one
sample). The majority (53%) were dairy animals: Holsteins or Holstein/Friesian crosses.
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Table 8.2: Breed and subsistence strategy of material from VLA Thirsk (n=51; Dairy=30; Beef=20).
BREED
Holstein X Friesian
Holstein
Friesian
Friesian X
Jersey
Limousin X
Belgian Blue
Limousin
Belgian Blue X
Charolais
Charolais X
Aberdeen Angus
Aberdeen Angus X Charolais
Saler
Simmental X Geldry
Not Known

n
17
8
2
1
1
6
2
6
1
1
1
1
1
1
1
1

STRATEGY
Dairy
Dairy
Dairy
Dairy
Dairy
5 Beef, 1 Dairy
Beef
Beef
Beef
Beef
Beef
Beef
Beef
Beef
Beef

In most instances, the control material will be discussed and analysed in terms of a prenatal (foetal) assemblage, and a post-natal assemblage (‘full-term’ and ‘stillborn’ animals
will be included in both assemblages). The Southampton/Bradford collection was entirely
post-natal. The majority of the VLA Thirsk assemblage was foetal; however, there was a
full-term/stillborn component (n=9).

As can be seen in table 8.1, most of the VLA individuals were accompanied by additional
information, such as sex and breed. Hence, where appropriate, in discussions involving
cattle breeds, exploitation strategies (beef or dairy) and of ageing methods, the VLA
assemblage was considered as a whole, including both pre- and post-natal components.
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8.3: Modern control material diagnoses
Causes of death or abortion are routinely diagnosed at VLA Thirsk, these were provided for
most of the material sourced from there, and are listed in the final column of table 8.1
above. They are also summarised in table 8.3. Discussions on abortifacients and neonate
pathologies were set out in chapter 5, section 5.2 et seq. A large proportion of abortions
(69%) were undiagnosed.

Table 8.3: diagnoses of modern foetal and neonate material supplied by VLA Thirsk.
Age

Diagnosis

Number

Foetuses

Bovine Virus Diarrhoea (BVD)

2

Salmonella dublin

3

Thyroid hyperplasia

1

Neosporosis

1

Bacillus licheniformis

6

No significant findings

29
TOTAL 42

Neonates

Escherichia coli septicaemia

1

Escherichia coli septicaemia + meningitis +
navel-ill + polyarthritis

1

Enteritis (no specific cause)

2
TOTAL 4

The calf originating the Bradford archive mandible (ex-Orkney) was attested to have died
of diarrhoea, so could probably be added to the table above under ‘enteritis (no specific
cause)’. As mentioned, there was no documentary evidence available on cause of death for
the Southampton assemblage.

256
8.4: Defleshing techniques
The procedures are set out in detail within the COSHH assessment in appendix II. Stringent
safety procedures were necessary, since the bovine foetal material could potentially have
been contaminated with zoonotic organisms such as Brucella abortus, and also since
formalin, the fixative used, is potentially toxic. A project record book was maintained to
note stages of the defleshing procedure for each submission.

8.5: Tooth-wear analysis
The control assemblage mandibles comprising the control assemblage were recorded for
tooth wear according to Grant (1982). She attributed a tooth-wear-stage (TWS) for each
tooth in the mandibular arcade, according to figure 3.4 (repeated below, figure 8.3) (Grant
1982: 92; figure 1); in Grant’s diagram, the dP4 is labelled m4. Wear for the dP2 and dP3
was assessed by comparison with that shown for the dP4 (m4).
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Figure 8.3: Wear stages of cattle teeth (Grant 1982: 92; figure 1).

TWS data for each mandible was entered on a standard form (shown in appendix III),
which also showed the reference number and handedness of the mandible. The age-class
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assigned for each jaw was determined according to the series of definitions published by
Halstead (1985) (table 3.3; repeated below, table 8.4). Diagnosed age-classes, translated
into months, could then be compared to the attested ages.

Table 8.4: Definition of age classes for cattle mandibles; *wear stages in Grant, 1975: 438, 1982: 92
(Halstead 1985: 219, table 35).
AGE CLASS
A
B
C
D
E

SUGGESTED AGE
0-1 MONTH
1-8 MONTHS
8-18 MONTHS
18-30 MONTHS
30-36 MONTHS

F

YOUNG ADULT

G
H
I

ADULT
OLD ADULT
SENILE

DEFINITIONS
p4 unworn
p4 in wear, M1 unworn
M1 in wear, M2 unworn
M2 in wear, M3 unworn
M3 in wear, posterior
cusp unworn
M3 post. Cusp in wear,
M3 wear <stage g*
M3 wear at stage g*
M3 wear at stage h or j*
M3 wear >stage j*

As discussed in section 3.4, in a recent reassessment of wear stages at very early ages
(Mulville et al. 2005: 171), dP4s with 2 or less cusps showing wear had been reclassified as
wear-stage ‘a/b’ rather than ‘b’, and treated as unworn teeth in age-class diagnoses. The
opportunity was taken to test this reassessment using animals with attested ages. Any dP4
initially assessed as TWS ‘b’ was examined for cusp wear and worn cusps counted and
scored, for example 2/6 or 5/6 cusps worn, et cetera. As stated already, using the
methodology of Mulville et al. (2005), a score of 2/6 or less would then be counted as
unworn, resulting in an age-class diagnosis of ‘A’ (0-1 months) (Halstead 1985); a score of
3/6 or greater would result in a diagnosis of age-class ‘B’ (1-8 months). Appropriate results
within the control assemblages could then be compared to the attested ages of the
individuals, in order to test the validity of the hypothesis of Mulville et al. (2005).
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8.6: Metrical examination of the mandible
Prummel’s (1988, 1989) publications concerning metrical analysis of foetal bone material
were specifically concerned with post-cranial elements; no metrical data for predicting
foetal age relative to cranial elements such as the mandible were found. However, the
opportunity was taken to apply metrical analysis to the known-age control mandibles, to
ascertain if any simple methodology could be derived whereby the age of unknown-age
material could be predicted.

Five metrical criteria were adopted for measurement of the mandibles from a standard
textbook of animal bone measurement from archaeological sites (von den Driesch 1976).
Tooth length per se was discounted, despite the possibility that this dimension could be
used as a reflection of the size of the animal in terms of its breed-related bulk, since
measuring a single tooth would entail its removal from the mandible, risking damage to the
modern reference material, and, ultimately, to the archaeological assemblages, should the
method prove satisfactory. Disturbance of the integrity of the archaeological mandibles or
mandible fragments, or the modern control correlates, could also affect any subsequent
radiographic examination of the material, used for the tooth-development methodologies
described below (section 8.7 et seq.).

Measurements were made directly from the bone with a digital caliper. The criteria were
chosen as being those most likely to be measurable in the archaeological assemblages
through intact survival. As can be seen from figure 8.4 below, they are listed in declining
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lengths. The longer the measurement, the more pronounced any differences between
individuals would be.

Figure 8.4: Bos mandible, left side, lateral view (measurement criteria after von den Driesch 1976: 56).

• A: Gonion cordale to the most aboral indentation of the mental foramen.
• B: Gonion cordale to the anterior edge of dP2, measured on the buccal side.
• C: Length of deciduous premolar row (dP2-dP4), measured along the alveoli on the
buccal side.
• D: Length of occlusal surface of dP4 (not shown).
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Scatter-graphs could then be produced, plotting these measurements against age for each of
the assemblages, to ascertain if there is a proportional relationship between mandible length
and age, over the age-ranges in question. This would be very likely, particularly in the prenatal period, when growth is likely to be rapid. However, there is known disparity in size
between antique and modern animals, and between animals from different periods, as
broadly summarised by Davis (1995 178, figure 8.7); Cussans et al. (2007: 244; tables
7.2.7 & 7.2.8) have produced summary tables of cattle withers heights from animal
assemblages recovered from Scottish Western and Northern Isles sites, which show a
marked decline in size between cattle from the Neolithic and the Iron Age and Norse
periods.

It was therefore decided to explore whether an index for the ageing of bovine mandibles
using metrical data could be developed from the measurements outlined above which
would take into account variability in overall body size. The index chosen was A:C

(A/C); where ‘A’ represents the gonion cordale to the most aboral indentation of the
mental foramen; and ‘C’ is the length of the deciduous premolar row (dP2-dP4), measured
along the alveoli on the buccal side.

These ratio figures were first plotted against age in a scatter graph, to assess whether a
perceptible progression was visible; if this was the case, age would be plotted against ratio
in a line graph, with ± 95% confidence intervals (CI) expressed as error bars in cohorts of
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individuals whose attested age coincided. A table showing values of AC against predicted
ages or age-ranges ± 95% CI, could then be produced for age-diagnosis of unknowns.

8.7: Radiographic analyses of modern control assemblage
Two radiographic methodologies were applied to the control assemblage: analysis of
images of mandibles for stages of pre-natal development, as described by Gjesdal (1969),
and Brown & Chapman’s method of scoring for stages of tooth development (1991a, b).
Initially, however, the processes used for film exposure and development are described.

8.7.1: Film preparation
Radiographs of the mandibles from the control assemblages were prepared so that
individual tooth development could be observed without any invasive activity, such as
removal of the teeth from the mandible or tooth sectioning. All radiography was carried out
in a dedicated darkroom suite at the Department of Archaeology, University of Bradford.
Protocols for operation of the X-ray equipment and for film processing are shown in
appendix IV.

A Hewlett-Packard ‘Faxitron’ instrument was utilised, with aluminium film cassettes for
optimal filtration; the film used was AGFA Structurix D4 FW, a high resolution product
designed for industrial use. With a film size of 18 x 24 centimetres, it was possible to
include up to 8 specimens per film for maximum economy, particularly where mandibles
were small. Lead markers were used to identify individual elements by numerical reference
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in most cases, and rough sketches were also made of the positioning of the test material
before exposure for security purposes, in case the material was displaced during handling.
Experimentation with a range of exposure times (1, 2 and 4 minutes), and radiation
intensities (50 and 60 kilovolts) suggested that optimal results for a juvenile mandible
would be obtained with an exposure time of 1 minute 30 seconds at an intensity of 60
kilovolts, and this was adopted in nearly all cases.

The exposed radiographs were manually developed; all film developing procedures were
carried out under safelight darkroom lighting, and utilised commercial developing
solutions. The standard film development methodology for the university radiology suite
was strictly adhered to (as in appendix IV), an electronic timer being utilised for all
development stages. Exposures were validated by visual examination using a light box, to
establish if a suitably distinct image was present. Where the image was unsatisfactory, for
example, overexposure in the case of a very immature mandible, radiography was repeated
with the exposure time adjusted (usually, in this case, to 1 minute or 1 minute 15 seconds).

The exposed radiographs were digitised using enhanced scanning on an AGFA
‘RADView’ workstation, at 50μm pixel pitch and ‘high quality’ scan mode, then computersaved onto a flash-memory stick as JPEG ‘Lossless’ images. These images were retained
on a CD-ROM disc as part of the project archive, together with the original films.
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8.7.2: Assessment of radiographs of mandibles from modern control assemblages,
using Gjesdal (1969) tooth development chronology.
The first radiographic analysis undertaken on the modern mandibles aimed to assess the
accuracy of Gjesdal’s (1969) methodology for foetal-age diagnosis. Gjesdal presents verbal
descriptions of tooth development in a chronological sequence for the bovine foetal
dentition (1969: 210-211, figure 12). This gives the stage of development for each tooth
(including the mandibular dP2, dP3, dP4 & M1) at various points in the gestation, covering
the period 120-280 days (see section 3.5.1 for a review of this method, which was also
discussed in section 7.5.1); these verbal descriptions were used to estimate ages for the
foetal cohort of the modern control mandibles (ex-VLA), based on the perceived
development stage of each tooth specified above. These could then be compared to the
attested gestation ages. JPEG images of the radiographs were examined on a computer
with a high-resolution screen, under magnification, using the zoom facility provided by the
Microsoft ‘Photo Editor’ program. By using the tooth development criteria specified in
Gjesdal’s chart (figures 3.6a & b) to assess each tooth in the mandible, an age-range was
derived for each, enabling an overall age or age-range to be diagnosed for the entire
mandible, covering all the ranges of the component teeth.

In practice, the chart was difficult to decipher in the form published; hence it was
transferred to a tabular form for clarity, which is reproduced below (table 8.5).
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Table 8.5: Sequence of tooth formation in the bovine mandible (after Gjesdal 1969: 210-211, figure 12).
Tooth →
Gestation
Stage ↓
122 days

dP2

130
132
137

dP3

dP4

Small goblet

3 isolated component
indentations
Alveola

Alveola. High goblet
Alveola dividing.
Deep indentation
Equal high
component
3 components in
touch

139
144
150

152
153
154
157
158
159
161
162
164

Nuchal extra hook.
High goblet 2-3
waved

Alveola

Alveola
Crown formation
Labial extra hook
Indentation
Crown formation

Narrow high goblet

2 isolated goblets
Small goblet visible
4-hooked
Small goblet
permanent

Many small points

173
177
178
180
183
188
190
191
194
195

Indentation
Uncertain contact
between components
Deep indentation
High goblet
2 isolated goblets

Alveola divided in 3

Pulp cavity beginning
to form
2-waved profile
6-hooked

Incipient roots. Pulp
cavity formation
2 pointed roots

210

243
245
255

Alveola division
5-hooked

198
204

215
220
222
230
240

M1

Roots beginning to
form
Multiwave profile
Pulp cavity
Deep indentation.
Broad goblets
2 roots

Crown
3-waved profile
3 roots
Fully formed tooth

Undivided alveola
2 roots. Pulp cavity
Fully formed tooth

Large isolated
goblets

Fully formed tooth
Goblets in touch.
Crown. No roots
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It should be noted that there are no illustrations of the phenomena mentioned above in
Gjesdal’s paper (1969); some of the verbal descriptions, particularly those referring to tooth
roots, are somewhat ambiguous, as, for example, there is no mention of the degree of
extension of the root at any stage, other than “roots beginning to form”.

To illustrate the method for assessing age using this chart, 4 examples of mandibles are
given below (figures 8.5-8.8), each accompanied by a note of the perceived diagnostic
stages of the individual teeth, with a putative diagnosis of foetal age based on these criteria.
In each case the teeth were examined individually, and, by reference to the table above, the
diagnostic features identified. A gestation age or age-range (up to the appearance of the
next recognisable feature) for that tooth was then recorded. After all four teeth had been so
diagnosed, the results were combined and an overall age arrived at, based on the lastappearing feature or features for each tooth.
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Control sample T11

M1

dP4

dP3

dP2

Figure 8.5: Radiograph of mandible of control sample T11.

Control sample T11 is a 7-month-gestation Belgian Blue cross-bred male foetus (table 8.1;
figure 8.5). Goblets are visibly forming in M1, but are not yet ‘large’ or ‘broad’ (between
180 & 210 days on table 8.5). The dP4 has a multiwave profile, and the pulp cavity is
beginning to form; no roots yet, however (198-210 days). The dP3 has hooks and an
incipient pulp cavity, but no roots (188-198 days), while the dP2 is in the early stages of
crown formation, possibly 2-waved (190-220 days). Based on the reference points: dP4
(pulp cavity beginning) and dP3 (no incipient roots), an estimated age of 190-200 days was
diagnosed (attested age 7m = 213 days).
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Control sample T31

M1

dP4

dP3

dP2

incisors

Figure 8.6: Radiograph of mandible of control sample T31.

Control sample T13 is an 8-month-gestation Limousin male foetus (table 8.1; figure 8.6).
The M1 has broad isolated goblets (210-230 days) while the dP4 has a pulp cavity, but no
roots (204-210 days). The dP3 has incipient roots (visible under magnification) (204 days);
the crown of dP2 has almost developed (190-220 days). Diagnosis 204 days, based on dP3
incipient roots (attested age 7½m = 229 days).
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Control sample T44

M1 (site of)

dP4

dP3 dP2 (site of)

Figure 8.7: Radiograph of mandible of control sample T44.

Control sample T44 is a 3-4-month-gestation Holstein-Friesian cross male foetus (table 8.1;
figure 8.7). The alveola of M1 is beginning to appear (c150 days), while the dP4 has 3
components in touch (144-152 days). The dP3 has a high goblet (<150 days) and the dP2
has an incipient alveola. Diagnosis 140-150 days, based on all criteria (attested age 3-4m =
91-122 days).
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Control sample T45

M1

dP4

dP3

dP2

incisors

Figure 8.8: Radiograph of mandible of control sample T45.

Control sample T45 is a 7-month-gestation Holstein-Friesian cross male foetus (table 8.1;
figure 8.8). The M1 has 2 broad goblets (displaced) in a deepening indentation (180-210
days). The dP4 lacks roots, but has a multiwave profile and pulp cavity (190-195 days), the
dP3 has incipient roots and a pulp cavity (c200 days). The dP2 has a 2-waved profile (190200 days). Diagnosis 190-200 days, based on roots of dP4 & dP3 (attested age 7m = 213
days).
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8.7.3: Tooth development scoring of radiographs from modern control assemblages,
based on Brown & Chapman (1991a, b) methodology.
In section 3.5.2, a published method was described for ageing cervids by using radiographs
to observe and score the development stages of the permanent mandibular molariform
dentition (Brown & Chapman (1991 a, b). Scoring was based on a list of 10 sequential
developmental criteria (table 3.4, reproduced below (table 8.6)).

Table 8.6: Scoring chart for radiographs of red deer mandibles (Brown & Chapman 1991a: 90).

SCORE

Developmental Criteria

1

Evidence of a crypt. The crypt is the darkened area in which the tooth germ is developing and
growing. It was represented by a discrete area of bone resorption, defined at its periphery by a
fine white encircling line, reflecting the contrasting levels of mineralization. It may only be a
few millimeters in diameter. The earliest mineralization may have already begun, but is too
slight to he distinguished against the bone that surrounds the crypt.

2

Evidence of mineralization. When the tooth germ reaches the bell stage of development,
mineralization of the dentine and the enamel commences in the mesial cusps. This early
mineralization may be detected within the crypt as a fine white radiopaque line locating the
enamel dentine junction. It was recognizable because it followed the cuspal outline.

3

All cusps mineralizing. All the cusps were clearly outlined at different stages of
mineralization. The mesial cusps started to mineralize before the distal ones.

4

The infundibulum is formed. At this stage the lingual and buccal cusps were formed and
their mineralized fronts were continuous with each other in the centre of the tooth at the
bottom of their infundibulum. There is no infundibulum in a premolar.

5

Crown formation is complete. All the crown was formed and the first evidence of root
formation was observable at the mesial and/or distal ends of the tooth. The completion of
crown formation can only confidently be determined when root formation has begun.

6

Early root formation. A fine inverted V-shaped line of mineralization was seen at the
bifurcation of the mesial and distal roots.

7

Half root length formed

8

Late root formation. More than half but less than the full length of the root was visible.

9

Full root length formed with apex open. For some time after the full length of the root has
been formed, the apex through which the blood and lymph vessels and nerves pass is wide
open, but slowly closes.

10

Root apex closed. The fine canal through which the vessels and nerves pass was marked by
continued mineralization of the dentine and cementum and could not be seen.
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The scoring scheme translates radiographic observations of specified development stages
of the dentition into numerical form. Once each tooth in the mandibular arcade has been
awarded a score, a total score for the entire jaw can then be calculated. By virtue of the fact
that the controls are from known-age material, these data can subsequently be manipulated,
in order to develop a database which might ultimately be used to enable unknown
(archaeological) specimens to be similarly scored and an age derived.

The sequential tooth development stages specified within the scoring chart cover
development in general terms (non-metrical, non-temporal, non species-specific), and are
hence equally applicable to cattle (Brown et al. 1960), sheep or goats, all closely related
ruminants, as well as to either the deciduous or permanent dentitions. As mentioned earlier
(section 3.5.2), a slightly adapted version of the methodology was developed by Carter
(2001; 2006), using red- and roe deer mandibles, and used in investigations of seasonality
of usage at various European Mesolithic sites; it has also been used in a study of porcine
mandibles of Mesolithic origin (Carter & Magnell 2007). Brown & Chapman (1991a & b)
used this methodology to create an age-prediction database based on the development of
permanent mandibular molariform teeth in known-age fallow deer (Dama dama) (1991a),
and red deer (Cervus elaphus) (1991b), as discussed in section 3.5.2. In this thesis, Brown
& Chapman’s descriptions of cervid molariform developmental stages 1-10 were applied to
the modern bovine foetal and neonatal control assemblages in order to create and evaluate
an age-prediction database for foetal and neonatal cattle (table 8.6) (Brown & Chapman
1991a: 90). With the exception of the definition for ‘score 7’ (see below), all were found to
be clearly applicable to bovid teeth. A series of radiographs is shown below to demonstrate
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each score definition (figures 8.9 - 8.18) as an aid to diagnosis. The definition and
descriptive statement for each score from table 8.6 are repeated beneath each figure (in
italics), together with a supportive comment appropriate to the figure.

Figure 8.9: Score 1: evidence of a crypt (M2).

Score 1: evidence of a crypt. (figure 8.9) ‘The crypt is the darkened area in which the tooth
germ is developing and growing. It was represented by a discrete area of bone resorption,
defined at its periphery by a fine white encircling line, reflecting the contrasting levels of
mineralization. It may only be a few millimeters in diameter. The earliest mineralization
may have already begun, but is too slight to he distinguished against the bone that
surrounds the crypt.’ (Brown & Chapman 1991a: 90).

In figure 8.9, the crypt is seen as a discrete area of bone resorption, delimited by a fine line.
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Figure 8.10: Score 2: evidence of mineralisation (dP2)

Score 2: evidence of mineralization. (figure 8.10) ‘When the tooth germ reaches the bell
stage of development, mineralization of the dentine and the enamel commences in the
mesial cusps. This early mineralization may be detected within the crypt as a fine white
radiopaque line locating the enamel dentine junction. It was recognizable because it
followed the cuspal outline.’ (Brown & Chapman 1991a: 90).

In figure 8.10, the developing crown is defined by a fine white line of mineralisation at the
enamel-dentine junction, tracing the cuspal outline.
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Figure 8.11: Score 3: all cusps mineralising (dP2)

Score 3: all cusps mineralizing. (figure 8.11) ‘All the cusps were clearly outlined at
different stages of mineralization. The mesial cusps started to mineralize before the distal
ones.’ (Brown & Chapman 1991a: 90).

In figure 8.11, all cusps are seen to be mineralising, the mesial cusps (on the right) in
advance of the distal cusp.
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Figure 8.12: Score 4: The infundibulum is formed (M1)

Score 4: The infundibulum is formed. (figure 8.12) ‘At this stage the lingual and buccal
cusps were formed and their mineralized fronts were continuous with each other in the
centre of the tooth at the bottom of their infundibulum. There is no infundibulum in a
premolar.’ (Brown & Chapman 1991a: 90).

In figure 8.12, the lingual and buccal cusps have here combined to enclose a discrete space
– the infundibulum. Despite this statement by Brown & Chapman concerning the lack of an
infundibulum in premolars (1991a: 90), they are here referring to the permanent dentition;
the deciduous bovine dP4 in fact possesses three infundibula (figure 8.3; section 7.6).
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Figure 8.13: Score 5: Crown formation complete (dP4)

Score 5: Crown formation complete. (figure 8.13) ‘All the crown was formed and the first
evidence of root formation was observable at the mesial and/or distal ends of the tooth. The
completion of crown formation can only confidently be determined when root formation
has begun.’ (Brown & Chapman 1991a: 90).

In figure 8.13, the crown is fully formed and root formation is incipient.
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Figure 8.14: Score 6: Early root formation (dP3)

Score 6: Early root formation. (figure 8.14) ‘A fine inverted V-shaped line of
mineralisation is seen at the bifurcation of the mesial and distal roots.’ (Brown &
Chapman 1991a: 90).

In figure 8.14, the roots are beginning development, as can be seen by the inverted V-shape
of mineralisation between them.
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Figure 8.15: Score 7: Half the root length formed (dP4)

Score 7: Half the root length formed. (figure 8.15) ‘Half the root length formed.’ (Brown
& Chapman 1991a: 90).

In figure 8.15, clearly defined roots have developed to a point roughly midway towards
their ultimate length. However, among the development criteria listed and illustrated, ‘half
the root length formed’ was seen to be particularly subjective. To clarify this issue,
radiographs of fully developed teeth (‘root apex closed’ as in figure 8.18 below) were
selected from among the control assemblage and measured for root length and crown
height to obtain a mean ratio. Halving this enabled half the root length to be predicted from
a given crown height, since crown development precedes that of the root, and the crown
has usually reached its full height by the time the root is half-formed. This enables a rough
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estimate to be made of half the root length from measurement of a crown. Crown/root
ratios were performed for each of the teeth in question: dP2, dP3, dP4 & M1, and the
derived ratios were utilised when compiling the data from mandibles in cases where
scoring was equivocal.

Figure 8.16: Score 8: Late root formation (dP3)

Score 8: Late root formation. (figure 8.16) ‘More than half but less than the full length of
the root was visible.’ (Brown & Chapman 1991a: 90).

In figure 8.16, root development is well beyond the half-way stage, but without evidence of
tapering at the tip. Like the previous score 7 (figure 8.15), this definition again is somewhat
subjective in interpretation. Use of the crown: root ratio described above might be
appropriate in equivocal cases.
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Figure 8.17: Score 9: Full root length formed with apex open (dP3)

Score 9: Full root length formed with apex open. (figure 8.17) ‘For some time after the
full length of the root has been formed, the apex through which the blood and lymph vessels
and nerves pass is wide open, but slowly closes.’ (Brown & Chapman 1991a: 90).

In figure 8.17, the roots can be seen to taper at the apex, which remains open to the same
extent as the root canal.
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Figure 8.18: Score 10: Root apex closed (dP3)

Score 10: Root apex closed. (figure 8.18) ‘The fine canal through which the vessels and
nerves pass was marked by continued mineralization of the dentine and cementum and
cannot be seen.’ (Brown & Chapman 1991a: 90).

In figure 8.18, the root canal is sealed to all but blood vessels and nerves, appearing closed
when viewed macroscopically.

The high-resolution scanned images of the radiographs taken of the 71 age-attested control
mandibles were examined on a computer under magnification with the zoom facility
provided by the Microsoft ‘Photo Editor’ program, and scores recorded for individual teeth
judged according to the criteria listed in table 8.6 (Brown & Chapman 1991a: 90), and
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illustrated in figures 8.9-8.18. The total score for the mandibular arcade of teeth from dP2
(2nd deciduous premolar) to M1 (1st permanent molar) was calculated by adding the
individual tooth-scores together. M2 was excluded from the totals, since this tooth was
present at an early stage in only a small post-natal proportion of the control assemblages,
and its inclusion would have skewed the analysis. To illustrate the scoring method, 3
images (figures 8.19-8.21) are reproduced below from the radiographs of the control
assemblage, together with individual interpretations and scores, which are then combined
to give a total score for the molar row (score dP2 + score dP3 + score dP4 + score M1).

Control sample DS1: scoring using Brown & Chapman (1991a, b)

dP2

dP3

dP4

M1

M2 (crypt)

Figure 8.19: Radiograph of DS1

Control sample DS1 is an 11-week-old calf (table 8.1; figure 8.19). dP2: score 9 “Full root
length formed with apex open”; dP3, dP4: also score 9; M1: score 5 “Crown formation is
complete”; (M2: score 2 “Evidence of mineralization”). TOTAL SCORE dP2-M1 = 32
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Control sample DS6: scoring using Brown & Chapman (1991a, b)

dP2

dP3

dP4

M1

M2(crypt)

Figure 8.20: Radiograph of DS6

Control sample DS1 is a 19-day-old male calf, weight 120 lb (table 8.1; figure 8.20). dP2:
score 8 “Late root formation”; dP3, dP4: also score 8; M1: stage 4 “The infundibulum is
formed”; (M2: score 1 “Evidence of a crypt”).TOTAL SCORE dP2-M1=28

Control sample T30: scoring using Brown & Chapman (1991a, b)

dP2

dP3

dP4

M1

Figure 8.21: Radiograph of T30

Control sample T30 is an 8-month-gestation male Friesian cross-bred foetus (table 8.1;
figure 8.21). dP2: score 3 “all cusps mineralising”; dP3: score 7 “Half root length
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formed”; dP4: score 6 “Early root formation”; M1: score 4 “the infundibulum is formed”.
TOTAL SCORE dP2-M1=20

A series of sub-totals representing combinations of individual teeth will also be compiled
and recorded for the control assemblage. These sub-totals are intended to be used for
comparisons with the scores from unknown-age mandibles of archaeological origin found
lacking one or more teeth, or scores from fragments of mandible with teeth still remaining
in situ, both of which are commonly encountered in archaeological bone assemblages. For
clarity, each tooth can be allotted a code letter: dP2=A; dP3=B; dp4=C & M1=D, so that
fragments of mandible can be identified by code combinations. For example a complete
arcade would be ABCD; a fragment containing dP3 and dp4 (lacking dP2 & M1) would be
BC; one with dP2 only would be A. This system enables the conformations of fragments
found in archaeological assemblages to be readily identified. Coded subtotals calculated
and recorded for the control assemblage will be as follows: AB; ABC; BC; CD; BCD; AC;
ACD.

Results will be processed in a similar way to those from the metrical indices obtained from
the mandible (section 8.6). From each set of total scores, including fragmentary
combinations, for each assemblage (pre- and post-natal), mean-values of development
score for each age-cohort will be plotted, with ± 95% CI error bars where ages coincided.
Abest-fit curve can then be drawn, and a predictive table produced giving ages or ageranges corresponding to total development score for each coded subtotal mentioned above;
these could then be used to predict the age of unknown-age archaeological material of the
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same tooth conformation, by entering the total score onto the graph and reading off the
corresponding age.

It should be noted that any data produced by this method will not be ratio data, as might be
implied by the numeric nature of the development stages. The time intervals between the
various stages in table 8.7 (Brown & Chapman 1991a: 90) are likely to be varied (and also
vary between individuals); data should hence be regarded as nominal only; there is no fixed
interval between consecutive values, as would be the case with ratio data. However,
consecutive values are temporally sequential. Statistical manipulation of any data generated
by use of this methodology must therefore be limited and regarded with caution; the use of
mean values and ± 95% CI error bars, as discussed, is the limit to which any such data will
be taken in this study.
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CHAPTER 9: MODERN CONTROL ASSEMBLAGE: RESULTS

9.0: Introduction
Data derived from the methodologies described in chapter 8 are presented for the modern
control material. Analysis and results of ages predicted using each method are subsequently
given, and compared to attested ages. The efficacy of each method is discussed, with
particular reference to predicting ages in the foetal and early neonate categories which are
central to this study.

9.0.1: Modern controls: age unit standardisation
Before comparative analysis of all these results can proceed, the units of the attested ages
for the modern control assemblage must be standardised. As reported by the VLA Thirsk,
most of the foetal individuals were age-attested in gestation months, while for the postnatal assemblage, age was generally reported in days-old. Hence, as mentioned earlier, for
some of the methodologies which follow, where all the control individuals are involved,
and mathematical analysis is required, the controls will be divided into two separate
assemblages: the pre-natal (post-conception) assemblage, age-calibrated in gestation
months, and the post-natal assemblage, calibrated in weeks-old. However, for both
assemblages, some attested ages were expressed as a range, for example, ‘7-8 months
gestation’, while some were also given in ½-month units. In standardising the units, the
following procedure was adopted: ½-month values were retained at this stage; ranges were
averaged (hence 7-8 months became 7½ months); reference T47, reported as ‘8+’ months,
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became 8½ months (as 9 months is the maximum gestation period); individuals aged
variously as ‘stillborn’ or ‘full term’ were regarded as being aged 9 months gestation.

In the post-natal assemblage, ages reported in days were expressed to the nearest week;
age-ranges were again averaged. Individuals mentioned above as ‘stillborn’ or ‘full term’
were analysed as members of both pre- and post-natal assemblages: for the former as 9
months gestation, and for the latter as aged 0 weeks. Table 9.1 shows the age-unitstandardised control assemblages; the pre-natal assemblage (n=47) is on the left of the
table, the post-natal (n=33) on the right. Individuals with no reported age (T25 & T40) have
been omitted.
Table 9.1: Age-unit-standardised control assemblages: pre-natal assemblage on left (n=47); post-natal
assemblage on right (n=33).

Ref

Pre-natal assemblage:

Standardised:

attested age

gestation
months

Ref

Post-natal
assemblage:

Standardised:
weeks-old

attested age

T1

7m foetus

7

T2

Full term

0

T2

Full term

9

T9

Full term

0

T3

7m foetus

7

T19

1 day-old

0

T4

8m foetus

8

T20

3 day-old

0

T5

7m foetus

7

T28

Full term

0

T6

7½m foetus

7.5

T32

Full term

0

T7

5m foetus

5

T33

10-day-old

1

T8

4½m foetus

4.5

T38

Still-born

0

T9

Full term

9

T43

10 day-old

1

T10

8m foetus

8

T46

Full term

0

T11

7m foetus

7

T48

1 day-old

0

T12

7m foetus

7

ORK

2-week-old

2

T13

8m foetus

8

DS1

11 week-old

11
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T14

6m foetus

6

DS2

16 week-old

16

T15

6m foetus

6

DS3

8 week-old

8

T16

7m foetus

7

DS4

16 week-old

16

T17

5m foetus

5

DS5

12 week-old

12

T18

8m foetus

8

DS6

19 day-old

2

T21

8m foetus

8

DS7

3 day-old

0

T22

4-5m (est) foetus

4.5

DS8

2 week-old

2

T23a

4m foetus

4

DS9

Newborn

0

T23b

4m foetus

4

DS10

2 week-old

2

T24

8½m foetus

8.5

DS11

2 day-old

0

T26

3m foetus

3

DS12

3 week-old

3

T27

7½-8m

8

DS13

Newborn

0

T28

Full term

9

DS14

10 day-old

1

T29

7-9m foetus

8

DS15

Newborn

0

T30

8m

8

DS16

7 day-old

1

T31

8m

8

DS17

7 day-old

1

T32

Full term

9

DS18

5 day-old

1

T34

8½m foetus

8.5

DS19

10 day-old

1

T35

4m foetus

4

DS20

3-4 day-old

0

T36

6½m foetus

6.5

DS21

7 day-old

1

T37

6½m foetus

6.5

T38

Still born

9

T39

7m foetus

7

T41

8m foetus

8

T42

8m foetus

8

T44

3-4m foetus

3.5

T45

7m

7

T46

Full term

9

T47

8+m foetus

8.5

T49

8m foetus

8

T50

8½m foetus

8.5

DS9

Newborn

9

DS13

Newborn

9

DS15

Newborn

9
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9.1: Results of tooth-wear analysis
Results of the tooth-wear estimation, using Grant (1982) and as described in section 8.5,
are displayed below; each assemblage is presented in order of ascending age. The
diagnosed age-class (following Halstead (1985: 219, table 35) (table 8.4)) is shown in the
final column in each case. Table 9.2 shows results from the Thirsk assemblage, while table
9.3 shows the Southampton control assemblage (with the single Bradford ex-Orkney
sample). Most of the symbols used to record wear follow Grant (1982: 92-3); they can be
summarised as follows:
•

‘X’ = missing; ‘Ø’ = unerupted; ‘C’ = in crypt; ‘V’ = visible; ‘E’ = erupting; ‘½’ =
half-erupted.

•

‘a’ to ‘n’ = progressive wear stages.

•

lower case ‘d’ prefix, e.g. ‘dP4’ = deciduous

As discussed in section 8.5, for ‘b’ diagnoses in the dP4 (i.e. a dP4 exhibiting wear on
between 1 & 6 of the cusp points (figure 3.4 et seq.)), the number of points showing
sufficient wear to expose dentine was recorded following Mulville et al. (2005: 171),
although the results were not accordingly amended at this stage. These individuals are
represented by an asterisk in the final column.

Table 9.2: Tooth-wear results for Thirsk control assemblage in ascending ages, including age-class diagnosis
(Halstead 1985) and attested ages (n=51).

Reference
T26
T44
T23A
T23B

dP2
dØ
dØ
dØ
dØ

dP3
dØ
dC
dC
dC

dP4/P4
dE
dE
dE
dE

M1
Ø
Ø
Ø
Ø

M2
Ø
Ø
Ø
Ø

M3
Ø
Ø
Ø
Ø

Attested age
3m foetus
3-4m foetus
4m foetus
4m foetus

Age-class
A
A
A
A
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T35
T8
T22
T7
T17
T14
T15
T36
T37
T1
T3
T5
T11
T12
T16
T39
T45
T6
T27
T29
T4
T10
T13
T18
T21
T30
T31
T41
T42
T49
T24
T34
T50
T47

dC
dØ
dØ
dC
dC
dC
dV
dV
dØ
dC
dV
dC
dV
dV
dC
dC
dV
dC
dV
dV
dV
dV
dV
dV
dE
dC
dV
dV
dV
dE
dE
dE
dE
dE

dV
dV
dC
dE
dV
dE
dE
dE
dE
d½
dE
dE
dE
dE
dE
dE
dE
dE
d½
d½
d½
d½
d½
d½
d½
dE
dE
dE
dE
d½
d½
d½
d½
d½

dE
dV
dE
dE
dE
d½
d½
dE
dE
d½
dE
d½
dE
dE
d½
dE
d½
dE
d½
d½
d½
d½
d½
d½
d½
d½
dE
d½
d½
d½
d½
d½
d½
d½

Ø
Ø
Ø
C
Ø
C
V
Ø
Ø
Ø
Ø
C
C
C
C
Ø
C
Ø
C
C
V
C
V
C
C
C
C
C
C
V
C
C
C
C

Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø

Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø

4m foetus
4½m foetus
4-5m (est) foetus
5m foetus
5m foetus
6m foetus
6m foetus
6½m foetus
6½m foetus
7m foetus
7m foetus
7m foetus
7m foetus
7m foetus
7m foetus
7m foetus
7m foetus
7½m foetus
7½-8m
7-9m (est) foetus
8m foetus
8m foetus
8m foetus
8m foetus
8m foetus
8m foetus
8m foetus
8m foetus
8m foetus
8m foetus
8½m foetus
8½m foetus
8½m foetus
8+m foetus

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

T2
T9
T28
T32
T38
T46
T48
T20
T19
T33

dV
dE
dE
dV
dE
dE
dV
dV
d½
d½

d½
da
d½
d½
d½
d½
d½
da
da
da

(=

V
C
E
C
C
V
C
V
V
V

Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø

Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø

Full term (still in cow)
Full term (stillborn)
Full term
Full term
Still born
Full term (stillborn)
1 day-old
3 day-old
5 day-old
10 day-old

A
A
A
A
A
A
A
A
A
B*

T43

dE

da

da
da
d½
d½
da
d½
d½
da
da
db 1/6
a/b)
db 1/6
a/b)

(=

V

Ø

Ø

10 day-old

B*

T25
T40

dV
dC

dE
dE

C
Ø

Ø
Ø

Ø
Ø

Foetus (no age given)
Foetus (no age given)

A
A

d½
dE
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Table 9.3: Tooth-wear results for Southampton & Orkney modern control assemblages in ascending ages,
including age-class diagnosis (Halstead 1985) and attested ages (n=22).

Reference
DS9
DS13
DS15
DS11
DS7
DS20
DS18
DS16

dP2
d½
d½
dE
d½
dE
dE
dE
d½

dP3
da
da
dX
da
da
da
da
da

DS17
DS21
DS14
DS19

dE
dE
d½
dE

da
da
da
da

DS8
ORK

dE
d½

da
da

DS10

d½

da

DS6
DS12

da
d½

da
da

DS3

DS5

d in
wear
d in
wear
da

DS2

da

DS4

da

d in
wear
d in
wear
d in
wear
d in
wear
d in
wear

DS1

dP4/P4
da
da
da
da
da
da
da
db 1/6 (=
a/b)
da
da
da
db 2/6 (=
a/b)
da
db 2/6 (=
a/b)
db 2/6 (=
a/b)
db 3/6 (= b)
db 1/6 (=
a/b)
dc

M1
C
C
C
V
C
C
C
C

M2
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø

M3
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø

Attested age
Newborn
Newborn
Newborn
2 day-old
3 day-old
3-4 day-old
5 day-old
7 day-old

Age-class
A
A
A
A
A
A
A
B*

V
V
E
V

Ø
Ø
Ø
Ø

Ø
Ø
Ø
Ø

7 day-old
7 day-old
10 day-old
10 day-old

A
A
A
B*

V
E

Ø
Ø

Ø
Ø

2 week-old
2 week-old

A
B*

E

Ø

Ø

2 week-old

B*

V
V

Ø
Ø

Ø
Ø

19 day-old
3 week-old

B*
B*

E

Ø

Ø

8 week-old

B

dc

E

Ø

Ø

11 week-old

B

dc

E

Ø

Ø

12 week-old

B

dc

½

Ø

Ø

16 week-old

B

dc

½

Ø

Ø

16 week-old

B

As can be seen, most individuals in the modern control assemblages satisfy the definition
for age-class ‘A’, ‘p4 (=dP4) unworn’ (Halstead 1985), indicating that individuals aged
between 0-1 month generally do not show any wear on the dP4. Seven individuals aged
less than 1 month were, however, classed as Halstead’s age-class ‘B’, which he suggests
would indicate animals aged between 1-8 months (these are those asterisked ‘B*’ in tables
9.2 & 9.3). The earliest sign of tooth-wear was in a 7-day-old individual (DS16), where 1/6
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cusp-points of the dP4 showed dentine exposure. 1/6 cusp-points in dentine wear was also
apparent in two calves aged 10 days, and one aged 3 weeks, while 2/6 points were evident
in animals ranging from 10 days to 2 weeks old at death; 3/6 points were worn in a 19 day
old (DS6). Mulville et al.(2005) have previously suggested that individuals with dentine
exposure in 1 or 2 cusp-points only are likely to have derived from individuals aged less
than 1 month and not 1-8 months as suggested by Halstead’s table (1985) (table 8.4), and
hence should be placed in age-class ‘A’, which, in effect, would then be redefined as ‘dP4
unworn, or with wear in 1 or 2 cusp-points’.

This approach of Mulville et al. (2005) would thus correctly interpret all but one of the
seven mandibles described above as <1 month. Only one individual appears to have been
incorrectly categorised when comparing attested age to the age-classes derived from toothwear analysis: DS6 is 19-days-old, and hence should have appeared in class ‘A’ (0-1
months); by virtue of wear in 3/6 cusp-points in the dP4, however, its diagnosis is class ‘B’
(1-8 months), even when applying the redefinition suggested by Mulville et al. (2005).

Hence the modification suggested by Mulville et al. (2005) is shown to have been
successfully corroborated by the attested ages of these control animals, although increasing
the cut-off to 3/6 cusp-points worn might be suggested. The examination of more ageattested animals of between 2 and 4 weeks would probably clarify this issue. The
modification will be adopted for animals in the archaeological assemblages, which will be
similarly scored for cusp wear in the dP4 and age-classes inferred according to the
modified methodology.
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9.1.1: Tooth-wear analysis applied to modern control assemblage: discussion
In general terms, the tooth-wear analyses above (tables 9.2 & 9.3) categorise the modern
control assemblages into age-classes which accurately correspond to their attested ages,
providing Mulville et al.’s (2005) amendment to Halstead’s (1985) definition for age-class
‘A’ is adopted, where individuals showing slight cusp wear on the dP4 are placed in ageclass ‘A’ rather than age-class ‘B’. However, the lower limit of diagnosis using this
method, age-class ‘A’ (0-1 months), is defined as the point where tooth-wear commences.
Hence no age-differentiation is possible between individuals of below 1 month; so foetal,
newborn, neonate and post-neonate (infant) cohorts cannot be separated. This methodology
is therefore only of use in ageing older individuals. However, it can be used in the selection
of sub-assemblages for analysis by a more focussed methodology, for example, age-class
cohorts ‘A’ & ‘B’ are almost certain to contain all the possible neonate animals of interest
to this study in any archaeological assemblage. Tooth-wear techniques cannot differentiate
between young animals which may have died by attrition from those which may have been
slaughtered to maximise milk supply, using Halstead’s ethnographic observations (1988:
6). Interpretations of mortality profiles created using tooth-wear as the sole age-diagnosis
methodology should thus only be made with the proviso that sub-1-month individuals are
bunched into a single cohort.

9.2: Metrical results: mandibles
Tables 9.4 & 9.5 show measurements made of two parameters on the pre-natal and postnatal control mandibles, using a digital caliper. All measurements were in millimetres;
parameters are as detailed in section 8.7.2. Some measurements were not possible, due to
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damaged mandibles or missing teeth. Table 9.4 shows the pre-natal assemblage, and table
9.5 the post-natal assemblage, with standardised age-units, as discussed in section 9.0.1.
Also shown are mathematical ratios A:C for each individual; these ratios will be utilised in
the forthcoming analysis.

Table 9.4: Metrical results: measurements A & C from mandibles of pre-natal control assemblage (n=47);
ratio A: C also shown ((t) = twin).
Ref
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
T16
T17
T18
T21
T22
T23a(t)
T23b(t)
T24
T26
T27
T28
T29
T30
T31
T32
T34
T35
T36(t)
T37(t)
T38
T39
T41(t)

Age
(months)
7
9
7
8
7
7.5
5
4.5
9
8
7
7
8
6
6
7
5
8
8
4.5
4
4
8.5
3
8
9
8
8
8
9
8.5
4
6.5
6.5
9
7
8

A (mm)

C (mm)

135.75
149.26
105.73
131.49
101.78
101.63
101.28
59.84
151.32
119.90
101.42
89.96
125.16
95.07
85.97
92.02
73.89
146.66
107.29
64.12
53.22
62.58
131.04
45.44
132.71
143.08
118.48
126.06
95.07
160.42
123.08
73.46
83.75
80.22
156.25
89.60
125.39

59.53
62.88
58.72
57.83
56.71
51.55
56.72
34.53
63.06
57.57
51.68
55.52
57.57
45.57
52.56
51.44
45.64
62.84
57.52
34.66
31.66
32.32
59.26
21.43
57.65
62.47
55.35
58.18
54.63
60.81
55.66
41.72
47.40
46.06
60.40
51.65
60.30

Ratio
A:C
2.28
2.37
1.80
2.27
1.79
1.97
1.79
1.73
2.40
2.08
1.96
1.62
2.17
2.09
1.64
1.79
1.62
2.33
1.87
1.85
1.68
1.94
2.21
2.11
2.30
2.29
2.14
2.17
1.74
2.64
2.21
1.76
1.77
1.74
2.59
1.73
2.08
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T42(t)
T44
T45
T46
T47
T49
T50
DS9
DS13
DS15

8
3.5
7
9
8.5
8
8.5
9
9
9

134.44
55.57
102.45
156.19
140.57
136.68
131.57
145.21
159.83
148.81

57.04
31.55
56.82
57.04
58.30
59.41
60.53
58.69
55.77
58.06

2.36
1.76
1.80
2.74
2.41
2.30
2.17
2.47
2.87
2.56

Table 9.5: Metrical results: measurements A & C from mandibles of post-natal control assemblage (n=33);
ratio A:C also shown.

Ref
T2
T9
T19
T20
T28
T32
T33
T38
T43
T46
T48
ORK
DS1
DS2
DS3
DS4
DS5
DS6
DS7
DS8
DS9
DS10
DS11
DS12
DS13
DS14
DS15
DS16
DS17
DS18
DS19
DS20
DS21

Age
(weeks)
0
0
0
0
0
0
1
0
1
0
0
2
11
16
8
16
12
2
0
2
0
2
0
3
0
1
0
1
1
1
1
0
1

A (mm)

C (mm)

149.26
151.32
152.97
158.89
143.08
160.42
147.66
156.25
169.93
156.19
133.19
156.78
187.83
191.93
175.81
167.12
171.34
154.92
161.85
145.21
171.03
163.61
167.85
159.83
164.14
148.81
167.52
154.30
149.56
156.37
151.90
150.23

62.88
63.06
62.75
60.07
62.47
60.81
57.62
60.40
61.73
57.04
57.72
60.06
57.18
56.51
56.42
60.48
55.70
57.10
56.35
59.64
58.69
58.26
59.11
56.82
55.77
57.86
58.06
61.47
55.59
56.42
58.25
56.91
55.82

Ratio
A:C
2.37
2.40
2.44
2.65
2.29
2.64
2.56
2.59
2.75
2.74
2.31
2.61
3.28
3.40
3.12
3.00
3.00
2.75
2.71
2.47
2.94
2.77
2.95
2.87
2.84
2.56
2.73
2.78
2.65
2.68
2.67
2.69
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As might be expected, there appears to be a direct relationship between these
measurements of length of the mandible and the age of the individual, especially as, at this
stage in its life, the animal is growing fairly rapidly. This can be demonstrated in graphical
form if age is plotted against metrical parameter ‘A’ (from the gonion cordale of the
mandible to the most aboral indentation of the mental foramen). Figure 9.1 shows ‘A’
against gestation age.

Dimension 'A' (mm)

Pre-natal control assemblage: scatter-graph of
mandible dimension 'A' against gestation age
160
140
120
100
80
60
40
2

3

4

5

6

7

8

9

10

Gestation age (months)

Figure 9.1: scatter-graph of gestation age in months of individuals of the pre-natal assemblage against
mandible dimension ‘A’.

Figure 9.2 shows ‘A’ against post-natal age.
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Post-natal control assemblage: scatter-graph of
mandible dimension 'A' against age

Dimension'A' (mm)

180
170
160
150
140
130
-1 0

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17

Post-natal age (weeks)

Figure 9.2: scatter-graph of age in days of individuals of the post-natal assemblage against mandible
dimension ‘A’.

The first of these scatter-graphs appears to present a regular curve; the second, post-natal
graph, however, appears to be a more random scatter. These data represent modern cattle
only, however, of the various breeds represented in the control assemblages. As discussed
in section 8.6, cattle in antiquity differed in size both from modern animals and from
animals at different periods; some factor to compensate for this would have to be included
in any age-calculation.

The ratio between the two dimensions, ‘A’ (as defined above) and ‘C’ (the length of
deciduous premolar row (dP2-dP4), measured along the alveoli on the buccal side of the
mandible), was calculated for each individual, in an attempt to eliminate breed and size
factors, as discussed in section 8.6. Figure 9.3 shows a scatter-graph of A:C against age for
the pre-natal control assemblage; figure 9.4 shows the equivalent graph for the post-natal
control assemblage.
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A:C ratio

Pre-natal control assemblage: scatter graph of
A:C ratio against gestation age
2.9
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Figure 9.3: Pre-natal control assemblage: scatter-graph of mandible A:C ratio against gestation age.

A:C ratio

Post-natal control assemblage: mandible A:C
ratio against age
3.4
3.2
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Figure 9.4: Post-natal control assemblage: scatter-graph of mandible A:C ratio against age.

The data for the pre-natal material were then expressed as a line-graph of mean values of
A:C ratio for each age-cohort against age, with ± 2 standard errors (= ± 95% CI) error bars
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for age-cohorts with more than 2 individuals. Table 9.6 shows the data used for the graph
(figure 9.5).

Table 9.6: Pre-natal assemblage: mean values of A:C ratio against age, showing values of 2 standard errors
where appropriate.
Pre-natal age
(months)
3
3.5
4
4.5
5
6
6.5
7
7.5
8
8.5
9
TOTAL

Mean A:C
ratio
2.11
1.76
1.793333
1.79
1.705
1.865
1.755
1.84625
1.97
2.150833
2.25
2.547778

N
1
1
3
2
2
2
2
8
1
12
4
9
47

2 Standard
errors

0.15377

0.14051
0.10914
0.10832
0.12409

Figure 9.5: Pre-natal control assemblage: line–graph of mandible A:C ratio (mean values) against gestation
age. Error bars show +/- 2 standard errors; dotted lines show individual values where cohort n=2.
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The graph (figure 9.5) showed irregularities up to around 6 months gestation, probably
reflecting small cohort sizes; beyond this point there appears to be a fairly regular
progression up to the point of birth. The graph was repeated, using data above 6 months
gestation only to produce a best-fit curve (figure 9.6). This was not attempted for the postnatal data, as the bulk of this was confined to the first 2 weeks of age, where the results,
which showed wide variation (figure 9.4), probably reflected different responses to the
trauma of birth.

Figure 9.6: Hand-drawn best-fit curve of mandible A:C ratio (mean values) against gestation age (values
above 6 months only). Error bars show +/- 2 standard errors; dotted lines show individual values where
cohort n=2.

An age-prediction table was prepared (table 9.7), giving the corresponding age read from
the graph for a succession of values of the A:C ratio.
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Table 9.7: Predicted ages based on value of mandible A:C ratio, from figure 9.6.
Value of A:C ratio

Predicted age (gestation months)

1.8

6

1.9

7-8

2.0

7-8

2.1

7-8

2.2

8-9

2.3

8-9

2.4

8-9

2.5

8-9

2.6

9

9.2.1: Metrical analysis of mandibles: discussion
There may be some slight validity in using metrical parameters from the mandible in this
way to give an indication of age, in the later stages of gestation. Beyond birth, however, the
mandible appears to grow relatively slowly, making any possible age-inference derived in
this way more questionable. This may be due to a period of arrested development caused
by the trauma of birth, the effects of this may also differ between individuals. The
technique demands a reasonably intact mandible, at least from the anterior edge of the dP2
to the gonion cordale; this is likely to be the case in only a small proportion of
archaeological specimens, due to taphonomic action.

9.3: Examination of radiographs using Gjesdal (1969) foetal tooth-development
chronology
Tables 9.7 & 9.8 show observations and interpretations of tooth development of the control
assemblages, based on diagrams published by Gjesdal (1969: 210-211, figure 12) and
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reproduced earlier (figures 3.6a, b; table 8.5), following visual examination of radiographs;
root development is described using the method of Grant (1982: 95) (see table 9.8 & 9.9
subscripts for key). Gestation age inferences, in days, are given in the final columns.

This methodology is only valid for foetuses aged between 120 and 255 days of gestation, as
discussed in section 8.7.2. Hence, individuals interpreted to be outside these limits were
recorded as ‘<120’ days or ‘>255’ days of gestation. Where the interpretation was within
limits, the age-range quoted was averaged, and corrected to the nearest ½-month, in order
to conform to the units of the attested age data.
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All of the modern Southampton/Orkney assemblage was aged beyond the upper limit of the
chronology. This was to be expected, as all individuals in this assemblage were post-natal,
although some had died at birth. In table 9.8, the Thirsk assemblage, there were 9 instances
where the interpretation was also beyond the limits of the technique (>255 days gestation);
these all corresponded correctly with animals that were full term, stillborn or neonates. One
animal was below the lower limit of 120 days gestation; this individual was attested to be a
3-month foetus, hence the interpretation was again correct. 2 further individuals were
without an attested age.

The remaining 39 foetuses from the VLA Thirsk assemblage produced age interpretations
using this radiographic technique, these are summarised in table 9.10.

Table 9.10: Summary table of conformity between corrected attested ages of foetuses from VLA Thirsk
assemblage and ages derived from analysis of radiographs, using Gjesdal’s chronological sequence chart
(1969: 210-211; figure 12) (figure 7.5a & b) (n=39).

Comparison of attested ages with those inferred by

Individuals (n=39)

comparison with Gjesdal chronological sequence (1969)
Conformity

8

Within ± ½-month

23

1 month greater

1

1 month less

5

1½ months greater

1

1½ months less

1
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In 20.5% cases, strict conformity with the attested ages was achieved. However, if the
individuals whose inferred ages varied by ± ½ month are included among the successes,
this proportion increases to 79.5% of the total. Tooth development studies have shown that
chronology is little affected by breed (Brown et al. 1960: 28), so for individuals where the
predicted age using this methodology varies markedly from the attested age, the disparity is
unlikely to be due to this factor. The majority of individuals not achieving close conformity
with the Gjesdal chronological sequence (1969) appear to have delayed development; this
might be due to nutritional deficiency, infection, or some other debility in the dam.
However, since all the modern control foetuses were the subject of spontaneous abortion,
and were hence likely to be debilitated, the 80% agreement with Gjesdal’s data, which
were based on foetuses removed at slaughter of the dam and hence healthy, is encouraging,
suggesting that tooth development in the foetal stage is relatively unaffected by illness.
Alternatively, variations in conformity with Gjesdal’s (1969) sequence (which is calibrated
in days) may be due to the fact that for the modern foetal control assemblage, the majority
of attested ages were reported to the nearest whole gestation month only.

9.3.1: Gjesdal (1969) chronology: discussion
Use of this temporal development sequence (Gjesdal 1969: 210-211; figure 12) appears to
give a reasonable correlation with foetal attested age, expressed in gestation months, within
the limits of 120-255 days (3-8 months) gestation, given the minimum ± ½ month margin
of error (as mentioned previously, this is acceptable, since most foetal attested ages in the
ex-VLA modern control assemblage were given to the nearest whole gestation month). As
discussed in section 8.7.2, the verbal descriptions given are somewhat ambiguous at times,
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and hence difficult to interpret, especially when concerned with root development. Since
most age inferences using this technique are necessarily in the form of an age-range, in
most cases of around 10 days, as seen in table 9.8, this variance is acceptable, but does
restrict the precision of the results. The claimed maximal error for the technique is ± 4 days
(Gjesdal 1960: 208); however, the original methodology was based on whole foetal skulls,
so age-inferences from the maxillary dentition could also be used for each individual which
would probably contribute to overall accuracy.

This methodology appears to be very accurate in predicting ages within a range of ± ½
gestation month, which, as discussed, is acceptable in this case; however, since its use is
restricted to the mid-late terms of gestation (4-8 months), it is of limited value only to this
study, where interest is broadly focussed on early neonates. Any early (or late) neonate
would here produce a result of ‘>255 days’, as seen in table 9.9. The use of this sequential
tooth-development chart might, however, prove a useful adjunct to other techniques which
provide a broader range of age-inference, in inferring the gestation age of any individuals
diagnosed by other means as foetuses.

9.4: Tooth development scores and totals, using definitions of Brown & Chapman
(1991a, b).
These results were derived from study of radiographs made of the control assemblage; for
each individual a score was awarded to each tooth in the mandibular molariform arcade,
excluding M2 (i.e. dP2, dP3, dP4 & M1), reflecting to which of ten sequential stages its
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development had reached, based on the definitions given in Brown & Chapman’s papers
(1991a & b) (table 8.6), as discussed and illustrated in section 8.7.3 of the preceding
chapter.

Before these scores could be compiled, however, in order to render scoring less subjective
for one of Brown & Chapman’s (1991a: 90) criteria (score 7: half the root length formed), a
table of measurements, taken from various radiographs featuring fully developed teeth, was
prepared (table 9.10), as discussed in section 8.7.3. This gives the crown height and root
length for the dP2, dP3 & dP4 (this problem did not arise in the M1, since it was
insufficiently mature (i.e. pre score 7) among the individuals examined). The ratio between
the crown and root measurements, for all the teeth examined, was first calculated, and a
mean value for each tooth derived.

Table 9.11: Crown height versus root length measurements from various individual mandibles where these
elements were fully developed – i.e. root apex closed (units are irrelevant as ratios are to be utilised).

Ref.
DS1
DS2
DS3
DS4
DS5
H190
H130
H8
Mean
ratio

dP2
root
2.0
2.2
2.0
2.8
2.2
2.4
2.0
2.4

dP2
crown
1.9
2.2
2.0
2.4
2.0
2.1
2.0
2.2

R:C
ratio
1.05
1.00
1.00
1.17
1.10
1.14
1.00
1.09
1.069

dP3
root
3.9
4.3
3.4
4.3
3.6
4.0
3.1
4.0

dP3
crown
2.6
3.2
2.5
3.3
3.0
3.0
2.7
3.0

R:C
ratio
1.50
1.34
1.36
1.30
1.30
1.33
1.15
1.33
1.326

dP4
root
4.6
5.3
4.7
5.3
4.6
4.8
4.2
5.0

dP4
crown
4.2
4.7
4.3
4.5
4.3
4.6
4.2
4.3

R:C
ratio
1.10
1.13
1.09
1.18
1.07
1.04
1.00
1.16
1.096
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•

The ratio between root and crown for the dP2, averaged over the 8 fully developed
teeth is 1:1.069, hence, “half the root length” is formed when the root is roughly
half (1.069/2 = 0.534) the length of the crown (assuming the crown is developed
fully by this stage).

•

The ratio between root and crown for the dP3, averaged over the 8 fully developed
teeth is 1:1.326, hence, “half the root length” is formed when the root is roughly
two-thirds (1.326/2 = 0.663) the length of the crown (assuming the crown is
developed fully by this stage).

•

The ratio between root and crown for the dP2, averaged over the 8 fully developed
teeth is 1:1.096; hence, “half the root length” is formed when the root is roughly
half (1.096/2 = 0.548) the length of the crown (assuming the crown is developed
fully by this stage).

These ratios were used in cases where awarding a score of 7 was judged equivocal.

The development scores for the control assemblages are shown in table 9.12 & 9.13; the
former presents the pre-natal assemblage, the latter the post-natal assemblage (as detailed
in section 9.0.1). Individual teeth are identified using the code letters seen at the head of the
first 4 columns of results, as described in section 8.7.3: dP2=A; dP3=B; dP4=C; M1=D.
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Table 9.12: VLA control material: development scores dP2-M1 as per Brown & Chapman (1991a.b) (n=51).
Project ref.
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
T16
T17
T18
T19
T20
T21
T22
T23A
T23B
T24
T25
T26
T27
T28
T29
T30
T31
T32
T33
T34
T35
T36
T37
T38
T39
T40
T41
T42
T43
T44
T45
T46
T47
T48
T49
T50

dP2

dP3

dP4

M1

3
6
3
6
3
3
3
1
7
3
3
3
6
2
2
3
2
6
6
6
3
1
1
1
6
3
1
6
6
5
5
5
6
7
6
2
3
3
6
2
2
5
5
7
1
3
6
6
5
6
6

6
7
6
6
5
5
5
2
7
5
5
3
6
3
3
5
3
6
7
7
6
2
2
2
6
6
2
7
7
6
6
5
7
8
6
2
3
3
7
3
3
6
6
8
2
6
6
7
7
7
7

6
6
5
6
5
4
4
2
7
5
5
4
6
4
4
4
4
6
6
6
6
4
4
4
6
5
3
6
6
6
6
5
7
7
6
3
4
4
6
3
4
6
6
8
3
5
6
6
6
6
6

3
5
3
4
3
3
3
1
5
4
3
3
4
2
3
3
2
4
4
4
4
1
1
1
5
3
1
4
5
4
5
4
5
5
4
2
2
2
5
3
3
4
4
5
1
4
5
5
5
5
5
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Table 9.13: Orkney & Southampton control material: tooth development scores dP2-M1 as per Brown &
Chapman (1991a.b) (n=22).

Project
ref.
ORK
DS1
DS2
DS3
DS4
DS5
DS6
DS7
DS8
DS9
DS10
DS11
DS12
DS13
DS14
DS15
DS16
DS17
DS18
DS19
DS20
DS21

dP2

dP3

dP4

M1

7

7

7

5

9
9
9
9
9
8
7
7
6
7
7
7
6
7
6
7
7
7
6
7
7

9
9
9
9
9
8
7
8
6
8
8
8
7
7
7
7
8
8
8
7
8

9
9
9
9
9
8
7
7
6
7
7
7
7
7
7
7
7
7
7
7
7

5
6
5
6
5
5
5
5
5
5
5
5
5
5
4
5
5
5
5
5
5

Tables 9.14 & 9.15 show the total scores for 8 different combinations of these teeth. Tooth
conformations are as commonly found in fragmentary mandibles from archaeological
contexts. As discussed in section 8.7.3, these combinations are: ABCD; AB; ABC; BC;
CD; BCD; AC & ACD.
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9.4.1: Analysis of tooth development scores
For the initial analyses, the combined score for all four teeth was first considered
(A+B+C+D). As discussed in section 8.8.3, a scatter graph of development scores against
age was first plotted. Figures 9.7 & 8 show these for the pre- and post-natal assemblage
respectively; for the pre-natal assemblage, age units are gestation months, for the post-natal
assemblage, weeks, as standardised in table 9.1.

Pre-natal control assemblage: scatter-graph of
ABCD development scores against gestation age

Development score

29
24
19
14
9
4
2

3

4

5

6

7

8

9

Gestation age (months)

Figure 9.7: Scatter graph of total development scores for combination ABCD of the pre-natal assemblage
against gestation age in months.
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Post-natal control assemblage: scatter-graph of
ABCD development scores against age

Development score

34
32
30
28
26
24
22
20
0

5

10

15

20

Post-natal age (weeks)

Figure 9.8: Scatter graph of total development scores for combination ABCD of the post-natal assemblage
against age in weeks.

The pre-natal graph appears to describe a curve; this is shallower in the post-natal graph,
possibly reflecting the change in age-units (weeks rather than gestation months), or
retarded development following the trauma of birth. In order to consolidate the data for the
pre-natal assemblage and to maximise age-cohorts for age-prediction based on toothdevelopment scores, individuals aged in half-months were rounded-up or -down into
adjacent whole-month cohorts. Rounding-up or rounding-down was based on tooth
development observations. For example, if an animal quoted as a 6½ month foetus was an
upper outlier in terms of tooth development (using Brown & Chapman’s (1991a, b)
criteria) when compared to the 6-month cohort of control individuals, and more closely
conformed to the 7-month cohort, it would be reclassified as 7 months post conception. 3
foetuses were supplied with a foetal age quoted as a range; T29 (7-9 months), T22 (4-5
months) and T45 (3-4 months) were treated in the same way as the ‘half-month’ examples
described above, and allotted to their upper or lower month cohorts according to tooth
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development. Table 9.16 shows age-cohorts and resolution of these equivocal data.
Development scores were taken from table 9.14, using the full range of teeth quoted (dP2M1=ABCD).

Table 9.16: ex-VLA foetal control assemblage: resolution of ‘half-month’ and equivocal ages into whole
months using tooth development scores derived from the methodology of Brown & Chapman (1991a&b).

Agecohort

Reference
(wholemonth
age
attribution)
T26

Development
score dP2-M1
(Brown &
Chapman)

Reference
(half-month &
equivocal age
attribution)

Rounded
age
(months)

T44 (3-4m)

Development
score dP2M1
(Brown &
Chapman)
7

7

4 months

T23a
T23b
T35

8
8
9

T8 (4½m)
T22 (4-5m)

6
8

4
4

5 months

T7

15

T17 (5½m)

11

5

6 months

T14
T15

11
12

T3 (6½m)
T16 (6½m)
T36 (6½m)
T37 (6½m)

17
15
12
12

7
6
6
6

7 months

T1
T11
T12
T39

20
16
13
11

T6 (7½m)
T27 (7½-8m)
T29 (7-9m)
T31 (7½m)

15
23
21
19

7
8
8
7

8 months

T4
T10
T13
T18
T21
T30
T49

22
17
22
22
19
22
24

T24 (8½m)
T34 (8½m)
T41 (8½m)
T42 (8½m)
T47 (8+m)
T50 (8½m)

23
22
21
21
24
24

8
8
8
8
9
9

9 months;
full term;
stillborn

T2
T9
T28
T32
T38
T46
DS9
DS13
DS15

24
26
24
25
24
23
23
25
24

3 months

3
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This practice was, however, somewhat tenuous in some cases, as the development scores
did not show wide ranges of variation between some cohorts. This was partly due to a lack
of material, particularly among younger foetuses. Of the individuals rounded up, T27 (7½8m up to 8m), was a clear outlier of the 7-month cohort, its development score 3 units
higher than the next highest individual. Similarly, T3 (6½m up to 7m) had a development
score 5 units higher than the other members of the 6-month cohort. Unfortunately in 2
cases (T25 & T40) the foetus was submitted to the VLA laboratory without a gestation age;
these may have been unobserved abortions that were hence unattributed to a particular cow
at the time, perhaps found in the field, or from cattle running with the bull where even a
rough date of conception was not available. These animals were excluded from the dataset
for age analysis.

Line-graphs were prepared, displaying mean values of development score for age-cohorts
with more than one individual, against age. Error-bars showing 2 standard errors
(equivalent to ± 95% CI) were appended to these mean values. Table 9.17 shows the data
used in preparing the line-graph for the prenatal assemblage; ½-month values have been
rationalised into the nearest whole month as described above.
Table 9.17: Pre-natal assemblage development scores for dP2-M1 (ABCD): grouped data (3-9 months),
showing means and standard errors.
Pre-natal age
(months)
3
4
5
6
7
8
9
Total

Mean score
dP2-M1
7
7.8
13
13.16667
15.75
21.8
24.22222

N
2
5
2
6
8
15
9
47

Standard
error
0.4899
0.9457508
0.95898
0.4899
0.323942
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The line-graph for pre-natal control material based on these data is shown in figure 9.9.

Figure 9.9: Line graph of mean development scores dP2-M1 (ABCD) for pre-natal assemblage in monthly
cohorts with error bars showing ± 2 standard errors. Error bars show +/- 2 standard errors; individual values
where cohort n=2.

For the post-natal assemblage, table 9.18 shows the data including mean values of
development score and standard error values for grouped data.
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Table 9.18: Post-natal assemblage development scores for dP2-M1 (ABCD): grouped data (0-16 weeks),
showing means and standard errors.

Post-natal age
(weeks)
0
1
2
3
8
11
12
16
Total

Mean score
dP2-M1
24.5
26.33333
26.66667
28
32
32
32
33

N
14
9
3
2
1
1
1
2
33

Standard
error
0.359334
0.471405
0.333333

The line-graph of mean values of development score in weekly cohorts is shown in figure
9.10.

Figure 9.10: line graph of mean development scores dP2-M1 (ABCD) for post-natal assemblage in weekly
cohorts, with error bars showing ± 2 standard errors. Error bars show +/- 2 standard errors; dotted lines show
individual values where cohort n=2.
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In figures 9.11 & 9.12, best-fit curves are substituted for the line-graphs showing mean
development scores for the pre- and post-natal control assemblages. Hand-drawn graphs
were used as they gave a clearer interpretation; a simple best-fit curve was felt to be valid
given the non-ratio nature of the development-score data.

Figure 9.11: Best-fit curve of mean development scores dP2-M1 (ABCD) for pre-natal assemblage in
monthly cohorts with error bars showing ± 2 standard errors. Error bars show +/- 2 standard errors; dotted
lines show individual values where cohort n=2.
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Figure 9.12: Best-fit curve of mean development scores dP2-M1 (ABCD) for post-natal assemblage in
weekly cohorts, with error bars showing ± 2 standard errors. Error bars show +/- 2 standard errors; dotted
lines show individual values where cohort n=2.

Table 9.19 (below) was constructed from the best-fit curves (figures 9.11 & 9.12). Agevalues were recorded where horizontal lines drawn at whole values of development scores
intersected the curve. From these values a predicted age-range was constructed. Where a
score-value was represented on both graphs, a conflated predicted age was given, as can be
seen for values 23 & 24 development units. Five age-categories, listed and defined in table
9.20, were used to give the age-diagnoses shown in the ‘interpretation’ column of table
9.19.
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Table 9.19: Predicted ages for ABCD from figures 9.12 & 9.13.

ABCD Development

Predicted age

Predicted age

Interpretation

score

(gestation months)

(weeks)

8

3-4

Foetus

9

4-5

Foetus

10

4-5

Foetus

11

5-6

Foetus

12

5-6

Foetus

13

6-7

Foetus/Late Foetus

14

6-7

Foetus/Late Foetus

15

6-7

Foetus/Late Foetus

16

6-7

Foetus/Late Foetus

17

7-8

Late Foetus/Newborn

18

7-8

Late Foetus/Newborn

19

7-8

Late Foetus/Newborn

20

7-8

Late Foetus/Newborn

21

8

Late Foetus/Newborn

22

8-9

Late Foetus/Newborn

23

8-9

Late Foetus/Newborn

24

9

±0

Late Foetus/Newborn

25

0-1

Newborn/neonate

26

1-2

Newborn/neonate

27

2-3

Infant

28

3-4

Infant

29

4-5

Juvenile

30

6-7

Juvenile

31

8-9

Juvenile

32

11

Juvenile

326
Table 9.20: Age-categories for tooth-development diagnoses (based on Brown & Chapman (1991a, b)
methodology).
CATEGORY

AGE-RANGE

FOETUS (F)

Less than 7 months gestation

LATE FOETUS-NEWBORN (LFNB)

Between 7 months gestation and birth

NEWBORN-NEONATE (NBNN)

Between birth and 2 weeks

INFANT (INF)

Between 2 and 4 weeks

JUVENILE (JUV)

More than 1 month old

It can be seen that birth appears to occur around the total (A+B+C+D) development scores
of 24-25. The point of birth, being an isolated moment in time, has been conflated into, and
forms the boundary between, the ‘Late Foetus’ and ‘Neonate’ categories. The post-natal
age categories were chosen to reflect the approximate age observed in unimproved cattle at
which the calf can be removed from the dam without compromising the lactation, assuming
she will permit let-down without the presence of her offspring, according to the timetable
recorded by Halstead (1998: 6). For a first-calving, the age-limit is around 40 days, which
would roughly correspond with the cut-off between the ‘infant and ‘juvenile’ categories
above; for 2nd and subsequent calvings, the limit is 10-15 days, as roughly defined by the
cut-off between ‘neonate and ‘infant’ categories. Using these criteria, individuals
categorised as ‘newborn’ or ‘foetus’ would have been unlikely candidates for
anthropogenic slaughter; an attritional death via one or more of the aetiologies discussed in
section 6.1 et seq. would have been more likely. ‘Infants’ may also have died through
attrition. ‘Juveniles’ not succumbing to disease or accident could have been slaughtered to
maximise milk supply, providing continued let-down was possible, or for direct
consumption as meat.
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Overall population development-score values rather than individual age diagnoses would
probably be more useful to define whether deliberate slaughter, general attrition, or a
combination of both caused the majority of early deaths in the past. For example, a
concentration of ABCD development score results of 28 or above (INF/JUV) might
perhaps indicate a culling policy for maximising milk for human consumption, whereas if
the major proportion of results for neonates fell around 25 and below, then attritional
neonate death, caused by one or more of the factors discussed in section 5.4 et seq. might
have been a major factor in the death of infant calves. A high proportion of deaths at or
before the age of birth (scoring 24 and below) might be inferred as a possible abortion
problem, caused perhaps by endemic brucellosis (section 5.2.1).

9.4.2: Analysis of tooth development scores in mandible fragments
In tables 9.14 & 9.15, subtotals of developmental scores of the control assemblage were
formulated in anticipation of the analysis of fragmentary archaeological material. The
development scores for 8 combinations of molars and premolars were summated, reflecting
patterns of teeth encountered in fragments of mandibles among archaeological
assemblages:
•

dP2+dP3+dP4+M1 (=ABCD)

•

dP2+dP3 (=AB)

•

dP2+dP3+dP4 (=ABC)

•

dP3+dP4 (=BC)

•

dP3+dP4+M1 (=BCD)

•

dP4+M1 (=CD)

•

dP2+dP4 (=AC)

•

dP2+dP4+M1 (=ACD)
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Single teeth are also commonly encountered in assemblages, intact in a fragment of
mandible:
•

dP2 (=A)

•

dP3 (=B)

•

dP4 (=C)

•

M1 (=D)

For each of the tooth combinations listed above, and for the single teeth, data were
interpreted in the same way as for the full array of teeth (combination ABCD), as described
above. Co-ordinates with error bars showing ± 2 standard errors (equivalent to ± 95%
confidence intervals) were plotted for each tooth-combination, based on mean values for
age cohorts. Where cohorts consisted of only 2 individuals, error bars spanned the
constituent values. Two graphs were prepared for each combination, the first, calibrated in
months, for the pre-natal assemblage, then another calibrated in weeks, for the post-natal
assemblage. In each case co-ordinates and error bars were subsequently overlain with a
hand-drawn best-fit curve. Data tables and curves are presented on the accompanying CDROM.

An age-prediction chart based on values of development score for each tooth or tooth
combination was then prepared, based on intersections of the best-fit curve with each value
of total development score, as described for ABCD. Results from the pre- and post-natal
line-graphs were conflated, as in table 9.19 for ABCD. These results are presented in tables
9.20-30 below. In the case of tooth combinations consisting of only one or two teeth, a
margin of error is included in the predicted results, consisting of ± one age category (as
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defined in table 9.20), where appropriate, to compensate for any possible limitations
derived from using such a restricted range on tooth-development values (for two teeth,
possible development score range 2-20; for one tooth, range 1-10). Where two or more agecategories are thus conflated, they are reported thus: INF/JUV. Where the two categories
are LFNB and NBNN, they are reported, for simplicity, as LF/NB/NN.

In each case, an estimate of the development score values which might encompass the
potential transition from attritional death to one that could have been anthropogenically
mediated in order to maximise milk supply (as discussed in section 8.0 and at the end of
section 9.4.1), will be indicated. The values given, below 9-15 days, would have been for
2nd and later calves; for firstborn calves, removal from the dam whilst maintaining
lactation would only have been possible around 40 days after birth, as derived from
ethnographic studies by Halstead (1998: 6).

Fragment of mandible containing dP2+dP3 (AB)
This table (table 9.21) is restricted compared to ABCD (table 9.19), since it comprises of
only 2 teeth, so, as mentioned above, the maximum score possible would be 20
development units. Interpretations are given as abbreviations of age-categories (table 9.20).
As discussed, error margins are included.
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Table 9.21: predicted ages for fragment containing AB.
AB Development

Predicted age

Predicted age

Interpretation

score

(gestation months)

(weeks)

3

3

F/LF

4

4-5

F/LF

5

5-6

F/LF

6

6

F/LF

7

6-7

F/LFNB

8

6-7

F/LFNB

9

7-8

F/LFNB

10

7-8

F/LFNB

11

7-8

F/LFNB

12

8-9

LF/NB/NN

13

9

0

LF/NB/NN

14

0-1

LF/NB/NN

15

2-3

NBNN/INF

16

4-5

INF/JUV

17

7-8

INF/JUV

18

>16

JUV

Here, the key minimum score for attritional, rather than possibly anthropogenic, age-atdeath would be around 13 or 14 units, aged less than 2 weeks.

Fragment of mandible containing dP2+dP3+dP4 (ABC)
With 3 teeth considered, the maximum possible score for ABC is 30, so the range of age
diagnoses is extended (table 9.22). The margin of error included for AB was not applied,
since three teeth are presented.
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Table 9.22: predicted ages for fragment containing ABC.
ABC
Development

Predicted age

Predicted age

(gestation months)

(weeks)

Interpretation

score
6

3

F

7

4-5

F

8

4-5

F

9

5-6

F

10

5-6

F

11

6-7

F

12

6-7

F

13

7

LFNB

14

7-8

LFNB

15

7-8

LFNB

16

7-8

LFNB

17

8

LFNB

18

8-9

LFNB

19

8-9

LFNB

20

9

0

LFNB

21

1-2

NBNN

22

2-3

INF

23

3-4

INF

24

5-6

JUV

25

7-8

JUV

26

9-10

JUV

27

12-13

JUV

The minimum tooth-development score for possible attritional death (based on Halstead
1998:6) is around 21 in a mandible fragment with dP2, dP3 & dP4 (ABC) present.
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Fragment of mandible containing dP3+dP4 (BC)
This combination has a limited range with 2 teeth only (table 9.23); ± one age-category
error margins are included where appropriate.

Table 9.23: predicted ages for fragment containing BC.
BC Development

Predicted age

Predicted age

Interpretation

score

(gestation months)

(weeks)

5

4

F/LF

6

4-5

F/LF

7

5-6

F/LF

8

6

F/LFNB

9

6-7

F/LFNB

10

7

F/LFNB

11

7-8

F/LFNB

12

8-9

LF/NB/NN

13

8-9

<0

LF/NB/NN

14

0-1

NBNN/INF

15

2-3

NBNN/INF/JUV

16

4-5

INF/JUV

17

7-8

JUV

18

12

JUV

The putative transitional point of possible attritional to anthropogenic death appears to be
around 14 or 15 development units.
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Fragment of mandible containing dP3+dP4+M1 (BCD)
The 3 teeth in this fragment could potentially produce a maximum score of 30 development
units (10+10+10) (table 9.24), hence no additional error margins are included.

Table 9.24: predicted ages for fragment containing BCD.
BCD
Development

Predicted age

Predicted age

(gestation months)

(weeks)

Interpretation

score
6

3

F

7

3-4

F

8

4-5

F

9

5

F

10

5-6

F

11

6

F

12

6-7

F/LFNB

13

6-7

F/LFNB

14

7-8

LFNB

15

7-8

LFNB

16

7-8

LFNB

17

8-9

LFNB

18

8-9

0

LFNB

19

0-1

NBNN

20

2-3

INF

21

4-5

JUV

22

6-7

JUV

23

9-10

JUV

24

16

JUV

The possible transition point from a potential attritional death to slaughter-for-milk in this
case appears to be around 19 or 20 development units.
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Fragment of mandible containing dP4+M1 (CD)
This conformation has a potential maximum tooth-development score of 20, so a margin of
error of ± one unit is again included where appropriate (table 9.25).

Table 9.25: predicted ages for fragment containing CD.
CD Development

Predicted age

Predicted age

Interpretation

score

(gestation months)

(weeks)

4

3

F

5

4-5

F/LFNB

6

5-6

F/LFNB

7

5-6

F/LFNB

8

6-7

F/LFNB

9

7-8

F/LFNB

10

7-8

F/LFNB

11

8-9

<0

LF/NB/NN

12

1-2

NBNN/INF

13

4-5

INF/JUV

14

8-9

JUV

The key transitional value for putative attritional to putative anthropogenic death is 12
tooth-development units.

Fragment of mandible containing dP2+dP4 (AC)
This combination again comprises only 2 teeth (table 9.26).
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Table 9.26: predicted ages for fragment containing AC.
AC Development

Predicted age

Predicted age

Interpretation

score

(gestation months)

(weeks)

4

2-3

F

5

4

F/LFNB

6

5-6

F/LFNB

7

6

F/LFNB

8

6-7

F/LFNB

9

7-8

F/LFNB

10

7-8

F/LFNB

11

8

F/LFNB

12

8-9

<0

LF/NB/NN

13

>9

0-1

LF/NB/NN

14

1-2

NBNN/INF

15

3

INF/JUV

16

5

INF/JUV

17

7-8

INF/JUV

18

13-14

JUV

The post-natal curve was steeper here than for the previous tooth-combination (CD), with 7
values of tooth-development score intersecting on the best-fit curve. The putative
attrition:slaughter transition point is around 14 development units.

Fragment of mandible containing dP2+dP4+M1 (ACD)
ACD is another 3-tooth fragment, with a maximum possible score of 30 units (table 9.27).
Hence no error margins were applied.
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Table 9.27: predicted ages for fragment containing ACD.
ACD
Development

Predicted age

Predicted age

(gestation months)

(weeks)

Interpretation

score
6

3-4

F

7

4-5

F

8

5-6

F

9

5-6

F

10

6-7

F/LFNB

11

6-7

F/LFNB

12

6-7

F/LFNB

13

7-8

LFNB

14

7-8

LFNB

15

7-8

LFNB

16

8-9

LFNB

17

8-9

<0

LFNB

18

>9

0-1

NBNN

19

1-2

NBNN

20

3

INF

21

4

JUV

22

7

JUV

23

10-11

JUV

24

17

JUV

The maximum possible tooth-development score for putative attritional death appears to be
19 units.

Fragment of mandible containing dP2 alone (A)
This combination, in common with the subsequent 3 tables, covers single teeth only, where
the maximum tooth development score would have been 10. Both pre- and post-natal
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curves are generally flat (table 9.28). Margins of error of ± one age-category are applied (as
specified in table 9.20). Despite this, interpretations should still be regarded with caution
and only made where co-contextual results are available.

Table 9.28: predicted ages for fragment containing A alone.
A Development

Predicted age

Predicted age

Interpretation

score

(gestation months)

(weeks)

2

5

F/LFNB

3

6-7

F/LFNB

4

7-8

F/LFNB

5

7-8

F/LFNB

6

8-9

<0

F/LF/NB/NN

7

>9

1-2

NBNN/INF

8

5-6

INF/JUV

9

12

JUV

Fragment of mandible containing dP3 alone (B)
In this case, the post-natal curve was intersected by only 3 values of development score
(table 9.29).
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Table 9.29: predicted ages for fragment containing B alone.
B Development

Predicted age

Predicted age

Interpretation

score

(gestation months)

(weeks)

2

3

F

3

4-5

F/LFNB

4

5-6

F/LFNB

5

6-7

F/LFNB

6

7-8

F/LFNB

7

>9

0-1

LF/NB/NN

8

3-4

NBNN/INF/JUV

9

14

JUV

Fragment of mandible containing dP4 alone (C)
Another single-tooth mandible fragment, with wide margins of error (table 9.30); here, the
pre-natal curve was shallow, with only 4 intersections.

Table 9.30: predicted ages for fragment containing C alone.
C Development

Predicted age

Predicted age

Interpretation

score

(gestation months)

(weeks)

3

3

F

4

5-6

F/LFNB

5

6-7

F/LFNB

6

8-9

<0

LF/NB/NN

7

1-2

NBNN/INF

8

4-5

INF/JUV

9

12-13

JUV
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Fragment of mandible containing M1 alone (D)
Score variations for this tooth were limited to 5 development units; the post-natal graph
was almost flat (table 9.31). This tooth is in the earliest stages of its development within the
time-frame of the modern control assemblage.

Table 9.31: predicted ages for fragment containing D alone.
D Development

Predicted age

Predicted age

score

(gestation months)

(weeks)

1

3

F

2

5-6

F/LFNB

3

6-7

F/LFNB

4

7-8

F/LFNB

5

9

6

Interpretation

3

LF/NB/NN/INF

16

JUV

9.4.3: Tooth development score methodology (based on Brown & Chapman
methodology (1991a, b)): discussion.
It is not possible to check the accuracy of this method against the attested ages of the
control assemblages, as with some of the other techniques previously mentioned, since the
attested ages are used in its calibration. This process in itself highlights some of the
variation in tooth development present among individuals of the same attested age. Hence
age diagnosis results for unknown individuals using this technique will have been adjusted
to cover a range of ages to encompass this inherent variation between individuals.
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It has been shown that putative mandible fragments with 3 or 4 component teeth can
present a wider age-range of total scores for tooth development than those with 1 or 2
component teeth; hence, theoretically, the larger the number of teeth, the more precise the
result. An error margin of ± one age category was therefore introduced into prediction
tables for fragments bearing less than 3 teeth.

A hypothetical example of the use of this methodology to age-diagnose archaeological
material could be as follows: a mandible comprising dP3, dP4 and M1 scores 5 for the dP3,
5 for the dP4 and 4 for the M1, when compared to the criteria on Brown & Chapman’s
tooth development chart (1991a: 90) (table 8.6). This gives a total score of 14 for tooth
combination BCD. Referral to the ‘BCD’ age prediction chart (table 9.24) gives an age
diagnosis of ‘LF’; the unknown is thus a putative late foetus.

The age-range of individuals present in the pre- and post-natal control assemblages has
enabled this technique, as presented here, to encompass those critical ages around birth
where other methodologies such as tooth-wear analysis are adrift, due to a paucity of dental
activity. Tooth development of the deciduous dentition (and the early permanent dentition
in the form of the first molar M1) has been shown to proceed reasonably predictably
throughout this newborn and neonatal period; examination of radiographs of mandibles and
the use of the 10 developmental criteria, as defined by Brown & Chapman (1991a, b),
applied to each tooth in the molariform array, has enabled this development to be
differentially identified and quantified for each tooth, to produce a total ‘tooth development
score’ for each mandible, albeit in non-ratio units, as discussed earlier (section 8.7.3).
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Scores from the age-attested modern control assemblage have been compiled in this way,
and then mathematically manipulated to produce age-prediction tables (tables 9.18, 9.209.30). Hence total development scores can be obtained by examination of radiographs from
unknown-age mandibles with similar dental conformation, using the same criteria, and
ultimately be used to predict the age-at-death of unknown-age foetal and neonatal
individuals. If it is assumed, through uniformitarian principles, that development of bovine
teeth in antiquity proceeded at roughly the same rate as modern correlates, these unknowns
may be of archaeological origin.

This method of ageing bovine neonate mandibles, including fragments of mandibles with
less than complete dentitions, in various configurations, is based on an existing
methodology (Brown & Chapman (1991a, b)). Its use was restricted to the intact permanent
dentition of red and fallow deer only.

There are limitations that must be considered in the formation of these age-prediction
tables. Variations in development score between animals of the same attested age indicate
that there is some degree of temporal variation in the tooth development sequence. This
may be due to illness, in the calf or dam, which must be a possibility in the case of these
modern controls, as they were all the subjects of post-mortem analysis after unexpected
death or abortion. Differences in breed, sex or genetic make-up do not appear to affect
tooth development (Brown et al. 1960: 33), although severe undernutrition or the stress of
birth might be considered.
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One weakness in particular, that applies to the whole study, is that some of the modern
control age-cohorts are composed of limited numbers, and in some cases, single individuals
(for example, 8, 11, 12 & 16 weeks post-natal). Ideally, 6 or 7 animals per cohort would
have been available, but the present assemblage was all that could be collected within the
timeframe of the study, given the co-operation of the VLA and the availability of postmortem material. Accurate gestation ageing, preferably in days, would also have enabled
greater accuracy and perhaps less ambiguity in the calculations. The control animals were
from working farms, however, submitted to a pathology laboratory for analysis to
determine cause of death, where exact ageing was inessential; material and information
obtained for this study was entirely through the co-operation and courtesy of VLA staff at
the Thirsk laboratory.

9.4.4: Alternate method of analysis of tooth-development scores (Carter 2006)
As mentioned earlier, an alternative method for estimating ages of unknown-aged red deer
and roe deer has been published by Carter, following his PhD study (2001, 2006), as part of
studies into Mesolithic human seasonality. His method was also based on Brown &
Chapman’s methodology using their ten criteria (Brown & Chapman 1991a: 90) to score
mandibular teeth from an assemblage of known-aged controls in the manner described in
section 8.7.3. A wide age range of controls was used, those for red deer covering 1 month
(post-natal) to 46 months (n=209), and for roe deer 1 month to 16 months (n=122).
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Grids were produced charting the range of ages against each potential score (1 to 10)
(Carter 2006: 48-51, figures 9-12). For each square on the grid, the number of control
individuals presenting at the corresponding age with the corresponding score was listed.
One grid applied to premolar and one to molar teeth. For example, for red deer, the gridsquare representing 18 months of age and a score of 7 registered 2-1-5, representing 2 P4s,
P3 and 5 P2s from individuals in his control assemblage corresponding to this square
(Carter 2006: 48; figure 9), being aged 18 months and scoring 7 for the individual premolar
teeth.

For ageing unknown-aged mandibles, having examined the radiograph and awarded a score
for each tooth using Brown & Chapman’s criteria (1991a: 90), the individual scores for the
molars and premolars were checked against the corresponding grid, and ages noted where
the score for the same tooth in the control assemblage coincided with that of the unknown
individual. This produced an age-range for each tooth. These were then combined to give a
minimum common age range for the premolar and molar array; further combining these
gave a range for the whole jaw.

For the control assemblage of this study, individual grids for molar and premolar teeth
would not be valid, since, of the former, only the M1 is present in most cases. 2 grids were
therefore constructed for the pre- and post-natal assemblages, showing numbers of
individuals for each age/score for the dP2, dP3, dP4 and M1 for each age cohort (tables
9.32 & 9.33).
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Table 9.32: correspondence grid for pre-natal control assemblage. Figures within each cell represent numbers
of individual dP2.dP3.dP4.M1 at each age/score (after Carter 2001, 2006).
Age/score
9 months
8 months
7 months
6 months
5 months
4 months
3 months

1

2

3

4.0.0.4
2.0.0.2

1.0.0.0
2.0.0.3
1.0.0.1
1.5.1.1
0.2.0.0

2.0.0.0
6.2.1.6
4.4.0.3
1.2.0.1
0.0.1.1
0.0.2.0

4
0.0.0.1
0.0.0.10
0.0.2.2
0.0.5.0
0.0.2.0
0.0.3.0

5
0.0.0.8
4.1.1.5
1.4.4.0
0.1.1.0

6
8.2.5.0
9.10.14.0
0.2.1.0
0.1.0.0

7
1.7.4.0
0.4.0.0

8

9

10

Table 9.33: correspondence grid for post-natal control assemblage. Figures within each cell represent
numbers of individual dP2.dP3.dP4.M1 teeth identified at each age/score (after Carter 2001, 2006).
Age/score
16 weeks
15 weeks
14 weeks
13 weeks
12 weeks
11 weeks
10 weeks
9 weeks
8 weeks
7 weeks
6 weeks
5 weeks
4 weeks
3 weeks
2 weeks
1 week
0 weeks

1

2

3

4

5
0.0.0.2

6

7

8

9
1.1.1.0

0.0.0.1
0.0.0.1

1.1.1.0
1.1.1.0

0.0.0.1

1.1.1.0

0.0.0.3

0.0.0.2
0.0.0.3
0.0.0.8
1.0.0.12

1.0.0.0
10.2.8.0

1.0.1.0
3.1.3.0
7.2.7.0
4.12.7.0

10

1.2.1.0
0.2.0.0
0.6.1.0
0.1.0.0

Using these grids, tooth development scores from individuals selected from the
archaeological material (section 11.2.3 et seq.) were submitted for age-diagnosis, and
assessed for correspondence with ages inferred using the best-fit curve methodology (tables
9.19 to 9.31). 19 individual mandibles and fragments were assessed; examples of most
different tooth conformations, including single teeth, were used. Results are shown in table
9.34
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Example of age-diagnosis using the grid methodology (Carter 2001, 2006).
Reference TN8: All four teeth under consideration were present (ABCD = dP2, dP3, dP4
and M1). After examination of the radiograph, the dP2 scored 5 using Brown & Chapman’s
criteria (1991a: 90) (table 9.34). In table 9.32 (pre-natal ages) the first figure of the groups
of four in the column corresponding to a score of 5 represents the dP2. In column 5,
positive values apply at 8 months (4) and 7 months (1) gestation. In table 9.33 (post-natal
ages), there is a positive value in the score 5 column at 0 weeks (1) only. Based on the dP2,
the predicted age of the animal was thus 7-8 months gestation and 0 weeks post natal.
Similarly, the dP3 produced a result of 8-9 months gestation and 0-2 weeks post-natal,
while the dP4 gives 7-9 months gestation and 0 weeks post-natal. The M1 produced a much
wider result, 7-9 months gestation and 0-12 weeks post-natal. Common values between
these results gave a final diagnosis of 8-9 months post-natal, 0 weeks post-natal, suggesting
a late foetus or newborn animal. This corresponds with the result inferred from the best-fit
curve analysis of 8-9 months gestation. Tooth-wear diagnosis was age-class ‘A’ (0-1
month) (Halstead 1985).

Comparison of ‘grid’ and ‘best-fit curve’ methods (table 9.33)
Despite near-agreement in most cases, the Carter (2001, 2006) methodology generally
resulted in slightly broader age diagnoses compared to the study method. For example:

•

H185: grid result, 8-16 weeks post-natal, best-fit result, 9-10 weeks post-natal.

•

P216: grid result, 0-3 weeks post-natal; best-fit result, 2-3 weeks post-natal.
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•

MH67: grid result, 8-9 months gestation, 0-1 week post-natal; best-fit result 8-9
months gestation, <0 week post-natal.

•

TN45: grid result, 7-9 months gestation, 1-12 weeks post-natal; best-fit result 8-9
months gestation.

The last example was for an individual M1; individual teeth tended to show more disparity
between methods. There was a single example, however, where the grid method gave a
more precise result:

•

TN42: grid result 3 weeks post-natal; best-fit result 4-5 weeks gestation.

As demonstrated above, the two methods showed no wide disparity in age inferences when
tested. However, the Carter (2001, 2006) method would probably benefit from a larger and
better-distributed range of ages for the control assemblages than that available for this
study; under such improved circumstances its ease of use would make it a preferable
method (209 red deer and 122 roe deer formed the control assemblages in Carter’s study
(2006: 45-46)). With the limited control resource available here, however, it was decided
not to incorporate the Carter (2006) methodology into the study results, due to the generally
more precise diagnoses inferred using the best-fit curve methodology.

9.5: Summary and assessment of methodologies used with modern control assemblage
As discussed above (sections 9.1.1, 9.2.1, 9.3.1, 9.4.3), each technique used with the
modern control assemblage has been assessed for its ability to differentiate between very
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early bovine age-groups. Despite the inability of tooth-wear analysis accurately to predict
the age of foetal and neonate material, the application of the technique to the known-age
modern control material does appear to validate the re-definition of Halstead’s age-class
‘A’ suggested by Mulville et al. (2005: 171), whereby individuals with limited cuspal wear
on the mandibular dP4 are included in the class.

Metrical analyses are dependent to some extent on intact bone survival when considering
their use with archaeological material. Metrical analysis of the mandible has produced
some limited data based on the attested ages of the modern controls whereby putative ageprediction of archaeological material might be achieved, covering the later stages of
gestation. Dimensional differences between modern and ancient stock might apply here,
however, so predicted results would need to be treated with caution; this technique is also
dependent on minimal taphonomic degradation of the mandible.

Analysis of tooth development events revealed through radiography may eliminate some of
these difficulties caused by dimensional differences between ancient and modern animals,
since, as mentioned earlier, sex, breed and genetic make-up do not appear to affect tooth
development (Brown et al. 1960: 33). The development sequence published by Gjesdal
(1969: 210-211, figure 12) gives around 80% agreement with the attested ages, but only
applies up to late gestation, and there are limitations to the technique due to the somewhat
ambiguous nature of the verbal descriptions of tooth-development events given in Gjesdal’s
paper (1969). As mentioned, this may indicate that tooth development is relatively
unaffected by distress or debility in the foetus (section 9.3.1). However, this age limitation
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restricts the use of these data to prenatal animals. Use of the development-score method,
based on Brown & Chapman (1991a, b) would overcome this difficulty. Advantages and
weaknesses of this have been rehearsed above (section 9.4.3); its main advantage, in
practical terms, for archaeological material, is that it covers the desired time-frame (foetus
to early neonate), and can be used on fragmentary material. Its disadvantages, and potential
inherent inaccuracies, such as limitations in age-distribution and possible variations in
health and nutrition of the modern control assemblage on which the age-prediction tables
are based, can be partially overcome by limiting age-diagnosis to broad age-ranges.

For the archaeological assemblages in this study, these considerations indicate that the
development-score technique (based on Brown & Chapman (1991a, b)) should be the
method of choice for the age-diagnosis of foetal and neonate material, allied to tooth-wear
analysis (based on Grant (1982)) to subdivide the whole assemblages into age-classes
(Halstead (1985)) and age-diagnose loose single teeth. The variation suggested by Mulville
et al. (2005) will be applied to tooth-wear analysis (as discussed in sections 3.4 & 8.5);
cusp-wear will be recorded for dP4s scoring wear-stage ‘b’ (Grant 1982). Only mandibles
and fragments with in situ teeth diagnosed by tooth wear analysis to be from age-classes
‘A’ (0-1 month) and ‘B’ (1-8 months) (Halstead 1985), hence likely to be foetal or neonate,
will then be subject to the development-score technique, since the relatively delicate
exposed roots of loose teeth are highly likely to have been damaged through taphonomic
activity. Radiographs of any material suspected to be of foetal origin will be compared to
the verbal descriptions of tooth-development for age-diagnosis published by Gjesdal
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(1969). The metrical and epiphyseal fusion methods described will be used to provide
supporting data where sufficiently intact elements are available.
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CHAPTER 10: ARCHAEOLOGICAL ASSEMBLAGES: MATERIALS
AND METHODS

10.0: Introduction
This chapter briefly describes the collection and composition of archaeological material
from each study site. Since much of this material had been subject to taphonomic activity,
resulting in the fragmentation and degradation of many of the bone elements recovered,
some of the techniques for attempting age-diagnoses of the component individuals, as
described in chapter 8, required some modification of performance or interpretation; the
resultant necessary refinements are discussed below. In the case of tooth-development
interpretation and scoring, based on the developmental criteria of Brown & Chapman
(1991a, b), and metrical examination of the mandible, age-diagnosis for unknown-age
individuals was based on analysis of the development scores or measurements obtained
from the known-age control assemblage, as presented in chapter 9; the use of these
techniques for age-diagnosis in archaeological material is also discussed here.

10.1: Access to and composition of the archaeological assemblages.
This was briefly referred to in chapter 4, during discussion of the archaeological context of
the study. Four of the assemblages, Mine Howe, Earl’s Bu, Toft’s Ness and Snusgar, had
been temporarily stored on-site at the Department of Archaeology, University of Bradford,
so were easily available for local analysis. The Pool and Howe assemblages are
permanently stored on Orkney under the custodianship of the Orkney Museums Trust;
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access and temporary loan was granted with the kind co-operation of Anne Brundle,
Curator of Antiquities during extended visits to the Northern Isles in spring 2007 and 2008.
The Bedern archaeological control material is conserved at the Yorkshire Museum, York;
access and loan was kindly facilitated by Andrew Middleton, Curator of Archaeology. In
each case material for study was individually bagged with detail of site, year of excavation,
phase, context, trench and any other data that had been annotated when the material was
originally excavated. In addition, each submission was given a unique study reference
number. All these details were recorded on a standard form (appendix III). In the case of
most mandibles and mandible fragments, a digital photograph was taken; a CDR disc of
these photographs and all archive data, including tooth-wear and tooth-development
results, accompanies this volume.

The composition of the dental study assemblages consisted of the following (table 10.1):
Table 10.1: Composition of bovine dental assemblages from Orkney study sites.
SITE

Mandibles
with
molariform
dentition
intact

Incomplete
mandibles
or
fragments

Percentage
mandibles
intact

Loose
teeth
(dP4
& M3)

Percentage
mandibles
and
fragments

TOTAL

MINE HOWE

18

71

20.2%

155

36.5%

244

POOL

65

54

54.6%

100

54.3%

219

HOWE

37

31

54.4%

123

35.6%

191

SNUSGAR

3

8

27.2%

6

61.1%

17

TOFT’S NESS

8

16

33.3%

24

50%

48

EARL’S BU

1

8

11.1%

25

26.5%

34
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In addition, 7 intact mandibles and 1 incomplete mandible were examined from the York
archaeological control site. In total 761 dental specimens of archaeological origin were
examined. Mandible fragmentation was at a minimum in the Pool and Howe assemblages.
Pool had the lowest proportion of loose teeth to mandibular material.

Each mandible from the archaeological assemblages was allocated a unique reference
number, and where possible, allocated to a temporal phase based on the excavation
documentation accompanying the assemblage. These site phases will be used when results
are reported and interpreted. Table 10.2 summarises the temporal phases at each site, and
also records the suffix letters used in sample reference numbers.

Table 10.2: summary of site phases and reference number suffixes.
SITE
Mine Howe

SUFFIX
MH-

Howe

H-

Toft’s Ness

TN-

Earl’s Bu

EB-

Snusgar
Pool

SP-

PHASE
Mid-Later Iron Age
Later Iron Age (ditch phases)
Early Iron Age (phases 3-6)
Middle Iron Age (phase 7)
Later Iron Age (phase 8)
Mid-Later Iron Age (phases 7, 8 & 7/8)
Neolithic/Bronze Age (phases 1-4)
Early Iron Age (phase 6)
Viking Period
Late Norse Period
Norse Period
Early Iron Age (phase 5)
Later Iron Age (phase 6)
Scandinavian Interface (phase 7)
Norse Period (phase 8)
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10.2: Metrical analysis of mandibles from archaeological material.
Measurements were made of the parameters specified in section 8.6 on suitably intact
mandibles from the 7 archaeological assemblages, using an electronic digital caliper. As
discussed, the parameters chosen for calculations on the controls were ‘A’, the gonion
cordale to the most aboral indentation of the mental foramen, and ‘C’, the length of
deciduous premolar row (dP2-dP4).

10.3: Tooth-wear analysis: variations for archaeological material
The same method of recording teeth for wear-stage, described in section 8.5, was used for
the archaeological assemblages as for the control assemblage; however, in contrast to the
controls, the intact mandible was not always available, as indicated in table 10.1. When
recording the raw data of tooth-wear-stages from fragmentary mandibles, two oblique
strokes (//) were used to delimit the surviving material with in-situ teeth, missing teeth were
indicated with an ‘X’; loose and/or broken teeth were recorded as such in the comments
column of the data form (data are summarised in appendix V).

Fragments with incomplete dentitions and loose teeth could sometimes be directly assigned
to an age-class, if the interpretation was unequivocal. This was always the case where a M3
was included, or for loose M3 teeth. Table 10.3 lists the wear stages (Grant 1982) recorded
for the M3, with the relevant age class (Halstead 1985) to which it can be attributed,
including interpretative justification.

356
Table 10.3: Bovine toothwear analysis: translation of M3 wear stages (Grant 1982) into age classes. Relevant
class definitions shown (from Halstead 1985: 219, table 35).

M3 WEAR STAGE
(Grant 1982)
a
b
c
d
e
f
g
h
j
k
l
m

AGE CLASS (Halstead 1985)
D (M3 unworn)
E (M3 in wear; posterior cusp unworn)
E (M3 in wear; posterior cusp unworn)
E (M3 in wear; posterior cusp unworn)
F (M3 posterior cusp in wear; < stage g)
F (M3 posterior cusp in wear; < stage g)
G (M3 wear at stage g)
H (M3 wear at stage h or j)
H (M3 wear at stage h or j)
I (M3 wear > stage j)
I (M3 wear > stage j)
I (M3 wear > stage j)

This enabled the age-class resolution of a large proportion of the six Orkney assemblages,
particularly where either an intact mandible, a fragment containing an M3 molar, or a loose
M3 was presented. For the remaining submissions, consisting either of single teeth or a
limited array of teeth on a fragment of mandible, only in a limited number of cases could a
precise interpretation be made. In these circumstances, varying ranges of possible ageclasses were given, based on the criteria described below. The extremities of age-range for
immature mandibles, where the deciduous dentition was present, would be from age-class
‘A’ (0-1 months) to age-class ‘E’ (30-36 months) (Halstead 1985); during the latter period
the remaining deciduous teeth should finally be shed (Brown et al. 1960: 19, table 5) (table
7.1). Adult animals with entirely permanent teeth will be aged from age-class ‘E’ to ageclass ‘I’ (senile). These ranges can only be applied in mainly complete dentitions, however;
some mandible fragments may contain teeth which span the two ranges. Strategies apply
which can be used to resolve these issues and refine otherwise wide ranges; these are
discussed below.
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As mentioned in section 3.4, Payne (1973: 294-295, figures 11-13) published charts
illustrating the relationship between the wear-status of the ovine P4, M1, M2 & M3 in
relation to the age-class awarded for the whole mandible (figure 3.5). He based these charts
on collated unequivocal results from the whole assemblage. These were used in cases
where defining teeth were not present to give an age-class or range of age-classes for an
incomplete dentition.

For the Orkney bovine archaeological assemblages in this study, a similar exercise was
undertaken, since, on average, 24% of the tooth-wear diagnoses produced an equivocal
result (appendix V). The resultant interpretative key is here presented in tabular form,
however, rather than charts, as published by Payne (1973: 294-295, figures 11-13), and
uses Grant’s alphabetical wear stages (Grant 1982: 92; figure 1) (figure 8.3) rather than
Payne’s diagrammatic figures, and Halstead’s bovine age-classification (Halstead 1985:
219, table 35) (table 8.4). All unequivocal age-class diagnoses, mentioned above, based on
wear-stage analyses from all 6 of the Orkney archaeological assemblages were collated,
and in each case, the corresponding wear stage, initially for the dP4, if present, was listed
against the diagnosed age-class. This tooth was chosen first as it was heavily represented in
the assemblages, and single dP4s (together with single M3s) had been individually
collected and recorded. This methodology, based on the principle of that of Payne (1973),
is similar to that used by Grant (1982: 98-99) when she correlated the results from a
number of different, though related sites. Although these animals originated from different
periods, they all came from Orkney, hence lived at the same latitude, and in similar
topographic environments. The results are shown in table 10.4.
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Table 10.4: Age-class assignments (Halstead 1985) in mandibles bearing dP4s with (Grant 1982)
wear stages ‘b’ to ‘n’ (n=39).

Grant (1982) wear stage for dP4
b
c
d
e
f
g
h
j
k
l
m
n

Halstead (1985) age class assignments for
mandible (based on wear in M1, M2 or M3)
BBBBBBB
BBBBBBBBBBBBB
BBBB
BB

CCCD
CCCCDDE
CD

From these data, age classes, or ranges of classes, derived from adjacent stages were
formulated (table 10.5) to reflect the trends indicated in the limited survey shown in table
9.3. ‘E’ was chosen as the terminal age-class since the deciduous dentition is finally
superseded by the permanent dentition at 3 years, which corresponds to this stage (Brown
1960: 31-32), when the dP4 will have been shed, as discussed above.

Table 10.5: Orkney assemblages bovine tooth-wear analysis: translation of dP4 wear stages (Grant 1982)
into predicted age classes (Halstead 1985).
WEAR STAGE
a
(a/b)
b
c
d
e
f
g
h
j
k
l
m
n

AGE CLASS (Halstead 1985)
A (dP4 unworn)
(A (<3/6 cusps worn))
B
B
B
B
B-C
B-C
C-D
C-E
C-E
D-E
D-E
D-E
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As discussed in section 8.5, it has been suggested that individual dP4s with wear on either
point of the first double-cusp only be reclassified as stage ‘a/b’ (Mulville et al. 2005: 171),
and considered to have been aged less than 1 month at death. As elucidated in section 9.1,
this hypothesis was tested, using the tooth-wear results from the attested-age control
assemblage: the age-class results obtained using tooth-wear analysis, where the
modification was applied, appeared to corroborate the attested ages of the control
individuals. Hence, in scoring the wear-stage of dP4 teeth in the archaeological
assemblages, it was decided to note the cusp-wear pattern if the tooth was graded as wearstage ‘b’, so that in age-class diagnoses, mandibles scored as ‘db1/6’ or ‘db2/6’ would be
graded ‘a/b’, and the mandible allocated to age-class ‘A’ (Halstead 1985). Where wear
extended over 3 or more cusps, the wear-stage would remain as ‘b’. For the remaining teeth
in the dentition, dP2, dP3, P2, P3, M1 & M2, the results obtained from unequivocal
interpretations (as in table 10.3) are summarised in tables 10.6 – 10.8.

Table 10.6: Unequivocal age-class assignments (Halstead 1985) in mandibles for dP2 & dP3 teeth at various
wear stages (Grant 1982).

Tooth
dP2 (n=5)

dP3 (n=78)

Grant (1982)
wear stage
a
b

Halstead (1985) age class assignments for
mandible (based on wear in M1, M2 or M3)
BC
CCC

a
b
f
h

(A x 53) BBBBBBBBBB
ABBBBBBBBBB
C
C
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Table 10.7: Unequivocal age-class assignments (Halstead 1985) in mandibles for P2 & P3 teeth at various
wear stages (Grant 1982).

Tooth
P2 (n=2)

Grant (1982)
wear stage
f

Halstead (1985) age class assignments for
mandible (based on wear in M1, M2 or M3)
FG

P3 (n=3)

f

FFG

Table 10.8: Unequivocal age-class assignments (Halstead 1985) in mandibles for M1 & M2 teeth at various
wear stages (Grant 1982).

Tooth
M1 (n=23)

M2 (n=25)

Grant (1982)
wear stage
c
d
e
f
g
h
j
k
l

Halstead (1985) age class assignments for
mandible (based on wear in M1, M2 or M3)
C
CCCC
D
CCDD
DDDDE
E
F
EFFG
FGI

e
f
g
h
j
k
l

DD
DE
DDEEF
F
GFF
EEFFFGGGGHI
I

Based on these data, the following age-class predicted ranges were produced for each wearstage of the listed teeth (tables 10.9-10.11). The ranges indicated are limited by the age of
the animal when each tooth is in wear or is shed; for this dP2 & dP3 wear occurs between
age-classes A & E; for the M1, wear commences while the animal is at age-class C, for the
M2 & P2 wear commences during age-class D, for the P3, wear commences during ageclass E (Brown et al. 1960: 19, table 5; Halstead 1985: 219, table 35) (tables 7.1 & 8.4
respectively).
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Table 10.9: Bovine tooth-wear analysis: translation of dP2 & dP3 wear stages (Grant 1982) into age classes
(Halstead 1985).

TOOTH
dP2

dP3

WEAR
STAGE
a
b
c-n

AGE CLASS
(Halstead 1985)
B-C
C
C-E

a
b
c-e
f-n

A
A-B
B-C
C-E

Table 10.10: Bovine tooth-wear analysis: translation of P2 & P3 wear stages (Grant 1982) into age classes
(Halstead 1985).
TOOTH
P2

P3

WEAR
STAGE
a-e
f-g
h-n

AGE CLASS
(Halstead 1985)
D-F
F-G
G-I

a-e
f-g
h-n

E-F
F-G
G-I

Table 10.11: Bovine tooth-wear analysis: translation of M1 & M2 wear stages (Grant 1982) into age classes
(Halstead 1985).
TOOTH
M1

M2

WEAR
STAGE
a-c
d-f
g-j
k-n

AGE CLASS
(Halstead 1985)
C
C-D
D-F
E-I

a-e
f-h
j-n

D
D-F
E-I

These tables (10.5 –10.11) can be used to predict ranges of age-classes where mandible
fragments lack diagnostic components enabling unequivocal ageing; where two or more
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teeth within the same mandible fragment are used to provide age-ranges, these are
combined to narrow the result.

When all the age-class results from the tooth-wear analyses had been compiled for an
archaeological assemblage, they could finally be collated to reflect the mortality pattern for
the whole site assemblage. Individuals assigned to a range of age-classes were redistributed
into firm single classes using the method of Payne (1973: 296), who used the
proportionality of wear-stage-attributed mandibles to determine the assignment of
intermediate specimens and single loose teeth. For example, if 10 mandibles were firmly
assigned to stage ‘B’, and 20 firmly assigned to stage ‘C’; of a further 6 assigned to the
range ‘B – C’, 2 (6 x 10 ÷ 30) would ultimately be assigned to class ‘B’ and 4 (6 x 20 ÷ 30)
assigned to ‘C’; these extra individuals would then be added to the totals for ‘B’ and ‘C’ to
produce a ‘corrected count’. This methodology was used to assign such otherwise
equivocal material when collating individual results for an assemblage to produce a
population mortality profile, which showed the number of animals, or percentage of the
total population, that had died in each age-class.

It should be noted that in all cases, each mandible, mandible fragment or loose tooth from a
site, or site temporal context, will be taken to represent a whole animal; in other words, the
‘maximum number of individuals’ will be considered in any population discussions or
inferences. There are, however, three limiting factors that need to be considered which
might reduce these totals to ‘minimal numbers of individuals’. Firstly, handedness of
material; each animal has two mirror-image mandible halves or individual mandibular dP4s
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or M3s. Separate left- and right-hand elements from the same animal may be present in the
assemblage; it might be expected that each would originate from the same site context and
have been age-diagnosed at roughly the same age using tooth-wear analysis, as described
herein.

Secondly, a loose dP4 or M3 tooth may have originated from a mandible where the
fragmented remains were also present as a separate item in the assemblage; hence the same
animal could again be counted twice. Since both loose tooth and fragment might be
expected to have been found adjacent to each other, each should bear the same context
number. Both tooth and fragment would also have similar age-diagnoses and both be from
the same side of the animal (i.e. both left-hand or both right-hand).

Finally, loose, heavily-worn dP4s may represent teeth shed from animals that were viable
at the time, dying at an age greater than that reflected by the stage of wear of the dP4.
Strictly, such potentially shed dP4s should be totalled and removed from the population to
obtain true minimal numbers.

It should be emphasised that these three factors only represent the possibilities for duplicate
counting; it is just as feasible that what appear to be mirror-halves of mandibles came from
different animals, as might coincident loose teeth and mandible fragments. Loose, heavilyworn dP4s might easily have originated from slaughtered animals rather than been shed
from viable individuals. Hence, as stated, these limiting factors will not be applied in
subsequent site- and phase-population analyses using tooth-wear or tooth-development
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criteria; however, some indication will be given of the extent to which they could be
applied in each case, and, if necessary, comment made on how their application might
affect analysis.

10.4: Radiographic techniques
Mandibles and mandible fragments from the archaeological assemblages diagnosed as ageclass ‘A’ or ‘B’ (Halstead 1985) using tooth-wear analysis, as described in sections 8.5 &
10.3 were those chosen for radiography. These age-classes correspond with the age-range
0-8 months, which adequately encompasses the age-range of the control material, used in
the calibration of the tooth-development-score/predicted-age tables in section 9.6 et seq.
(Brown & Chapman 1991a, b methodology). A few age-class ‘C’ (Halstead 1985)
mandibles and fragments (8-18 months) were also included, partly as a quality check.
Loose teeth were not radiographed. Particular care was taken to validate the identity of
images: in most cases lead identity markers were placed adjacent to each specimen; a
rough labelled sketch was made of the placement of all the specimens on each film; in most
cases, all material on each film came from the same site. Mandibles diagnosed as foetal
using the method specified above (based on Brown & Chapman 1991a, b) were also
assessed for age-at-death (or age-at-abortion) using the tooth-development sequence
published by Gjesdal (1969).
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10.4.1: Use of tooth development score methodology (Brown & Chapman 1991a, b) in
predicting the age of archaeological material
The developed radiographs were examined and each image scored for tooth development in
each in situ tooth, excluding M2 (i.e. dP2, dP3, dP4 & M1), the score awarded reflecting
which of the ten sequential stages its development had reached, based on the definitions
given in Brown & Chapman’s papers (1991a & b) (table 8.7), as discussed and illustrated
in section 8.8.3. Scores for each tooth were recorded together with the study reference
number and the tooth-conformation of the mandible or fragment (for example: AB, or
BCD, reflecting the dP2 & dP3, or the dP3, dP4 & M1). Scores were then added to produce
a total score for each. Unattached teeth were not considered, as tooth roots are usually
found to be broken on recovery in loose teeth, through taphonomic damage, particularly in
the case of young animals.

An age-diagnosis was then made for each mandible or fragment, by referring to the table
that corresponded with the tooth conformation (tables 9.24 - 9.35), then reading off the
diagnosis against the total score awarded. These age diagnoses were recorded against the
mandible reference number, then translated into an age-category, according to the
definitions listed in table 9.23.

Some of the age-diagnoses listed in tables 9.24 - 9.35 span two or more of the above agecategories; this applies particularly to mandible conformations with 1 or 2 teeth only,
where error margins are included. Mandibles corresponding to these diagnoses were given
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composite categories. For example, a fragment with a dP4 only (C) scoring 7 has a
diagnosis of 9 months gestation-21 days; this would cover ‘newborn’, ‘neonate’ and
‘infant’ categories, so would be scored NB/NN/INF. Such a broad categorisation would be
difficult to interpret in the terms discussed above. However, as with tooth-wear analysis, in
population studies, such individuals can be distributed among their component categories
in proportion to the numbers in each that have been firmly diagnosed, as recommended by
Payne for tooth-wear analysis (1973: 296), and discussed in section 10.2 above.

10.4.2: Assessment of radiographs of archaeological assemblages, using Gjesdal
(1969) tooth development chronology
Radiographs from suitably intact mandibles were examined for tooth development stages
mentioned in the tooth development chronology (Gjesdal 1969). As discussed in section
8.8.2, this methodology can only be used to diagnose foetal age up to 255 days of
gestation. Hence only radiographs from individuals already diagnosed as age-class ‘A’
(Halstead 1985) using tooth-wear analysis were challenged with this technique. In effect,
therefore, this technique was only of use in the diagnosis or confirmation of foetal material.

