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Abstract

Howcroft, R. 2013. Weaned Upon A Time. Studies of the infant diet in prehistory. Theses and
Papers in Archaeological Science 14.

This thesis is concerned with how prehistoric infants were fed in different physical and cul-
tural environments, and in particular what impact the economic, social, and epidemiological
changes associated with the development of agriculture had on infant feeding practices. In
order to examine these effects, stable isotope ratio analysis has been used to assess the dura-
tion of breastfeeding and weaning in a variety of prehistoric contexts. The first study is of
Pitted Ware Culture hunter-gatherers at the site of Ajvide on Gotland, Sweden. Breastfeeding
usually continued for at least two years, but there was some variation in supplementary foods,
which is attributed to seasonal variations in resource availability. The second study analysed a
number of Neolithic and early Bronze Age sites from south-east Poland. Breastfeeding dura-
tion varied both within and between sites and ranged from six months to five years. The third
study found that the infant feeding practices of two Iron Age populations on Oland, Sweden,
were very varied, and infants may have been fed differently depending on their social status.
The fourth study is of the childhood diet in the Unétice Culture of south-west Poland. Indi-
vidual diets changed little during the lifetime, suggesting that eventual adult identity was
determined early in life. A small number of infants in the study were found to have breastfed
for differing lengths of time. The final paper considers the health consequences of introducing
animal milks into the infant diet in a prehistoric context, and finds that their availability is
unlikely to have made it possible to safely wean infants earlier.

Comparison of the results from the four stable isotope studies to those of other published
studies reveals that the modal age at the end of weaning was slightly lower in agricultural
communities than hunter-gatherer communities, but the range of ages was similar. Weaning
prior to the age of eighteen months was rare before the post-medieval period. It is argued that
the gradual reduction in breastfeeding duration since the Neolithic, and the replacement of
breastmilk with animal milk products, means that on the whole the development of agriculture
probably served to increase infant morbidity and mortality.

Keywords: Infant Feeding, Breastfeeding, Weaning, Milk, Diet, Fertility, Neolithic, Agricul-
ture, Hunter-Gatherer, Bronze Age, Iron Age, Prehistory, Carbon and Nitrogen Stable Iso-
tope Ratios, Bone, Dentine
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Terminology

Breastmilk

Weaning/
Weanling

Infant/
Infancy

Child/
Subadult/
Juvenile

BP/bp

The term “breastmilk” is often spelled as two separate
words or hyphenated. The one-word form has been used
here because it allows the term “non-breastmilk” to be
used without confusion to refer to all foods other than
breastmilk, rather than just non-human milks.

The term weaning is used here to refer to a process, be-
ginning with the first introduction of non-breastmilk
foods (except for pre-lacteal feeds), and ending with the
cessation of breastfeeding. Weanling refers to individuals
in the process of being weaned.

The ages referred to by the terms infant and child vary
depending on discipline. Here an evolutionary definition
of infancy is used, whereby it refers to the period of time
for which infants have evolved to be dependent on the
mother for nutrition. In other words, “infant” is used
loosely to refer to individuals under around 3 years of
age, regardless of their actual breastfeeding status.

Child, subadult, and juvenile are all used to refer to indi-
viduals who have not attained full physical maturity.

BP has been used to refer to calibrated radiocarbon years
before present (where “present”’= AD 1950), the lower-
case form has been used for uncalibrated radiocarbon
dates.



1 Introduction

The title of this thesis, “Weaned Upon A Time” has been chosen because it
reflects the content in a number of ways. Most obviously the title is appro-
priate because it invokes the image of weaning in days long since passed,
and this thesis is a study of infant feeding practices in prehistory. In particu-
lar it focuses on the timing of weaning, which is defined here as a process
beginning with the introduction of supplementary foods and ending with the
cessation of suckling. The departure point is the adoption and spread of agri-
culture in the Neolithic, and the intention is to explore what impact that de-
velopment - which transformed lifestyles, nutrition, settlement patterns, and
social relationships - had on infant feeding practices. Did prehistoric farming
populations breastfeed for less time than prehistoric hunter-gatherers? How
did the use of agricultural produce in infant feeding affect infant health in a
prehistoric context? This research has been conducted as part of a broader
project investigating the co-evolution of dairy farming and the genetic trait
of lactase persistence, which enables individuals to digest milk as adults, and
particular attention is thus given to the role of animal milks in the infant diet.

Secondly, the title refers to the specific timing of weaning, which often
coincides with a social transition from infancy to childhood, and with it a
change in social relationships and activity patterns. The timing of weaning is
also important from the point of view of an infant’s health, since the duration
of breastfeeding and the age at the first introduction of supplementary foods
are both major determinants of infant morbidity and mortality. Lactation
meanwhile is an enormous energetic cost for a mother, and the age at which
her child is weaned affects her own nutritional status and her ability to re-
produce again. What therefore were the consequences of differences in the
duration of breastfeeding and weaning for the health and fertility of prehis-
toric populations?

Thirdly, just as fairy tales are shared between members of a culture and
transmitted between generations, so infant feeding practices are socially
learned behaviours. Similarly, in the same way as a fairy tale alters slightly
between every retelling, so the infant feeding practices in a population do not
exactly replicate each other but differ between different individuals in a
population. How therefore did infant feeding practices vary between differ-
ent groups in a region, and how did they change over time? Are there differ-
ences in the way that different individuals in the same archaeological com-
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munities were fed, and if so what can these tell us about the social identity
and status of those individuals?

Finally, fairy tales are primarily associated with children, and it is with
children and childhood that this thesis is concerned. Do the diets of children
differ from those of adults, and at what age does eventual adult identity start
being reflected in the juvenile diet?

These questions are explored in the following chapters and the five arti-
cles that comprise this thesis. The first three articles (IILIII) present the
results of stable isotope studies of the infant diet in three different time peri-
ods and geographic locations. The fourth (IV) is a stable isotope study of the
childhood diet, including some evidence of the diet in infancy but primarily
aimed at exploring the social identity of children in the early Bronze Age
Unétice Culture. The final paper (V) explores the differences between rumi-
nant milks and human milk, and discusses what the likely implications of
their use in infant feeding would be.

In the following chapter the Neolithic background to the questions being
asked is presented. Chapter 3 gives an overview of the evolution and bio-
logical implications of infant feeding, and Chapter 4 presents some examples
of the broad variety of ways in which infant feeding practices are conceptu-
alised in various historical and modern contexts. Chapter 5 explains the dif-
ferent methods used to obtain direct evidence of the infant diet in prehistory,
focussed in particular on the stable isotope techniques used in the papers in
this thesis. Finally, in Chapter 6 the results of the five articles are discussed,
and put into broader context with other archaeological evidence for infant
feeding practices during the past ten millennia of human history.

12



2 Infant Feeding in an Agricultural Context

For the vast majority of its history the human species obtained its food by
the same means as any other — by hunting, scavenging, fishing, and foraging.
Some 11,500 years ago in the Near East humans first began to domesticate
plants and animals, and in doing so initiated the development of food-
producing economies (Zeder 2011). During the course of the following eight
millennia similar developments occurred independently in central China, the
highlands of New Guinea, the Mississippi basin, the Andes, Mesoamerica,
and possibly in western Africa and southern India (Bellwood 2005). From
these various points of origin agricultural economies proceeded to spread
throughout the rest of the globe, accompanied by new settlement and work-
ing patterns, novel pathogens and diseases, altered cognitive traits, new rep-
ertoires of material culture, and transformed demographic structures. Any or
all of these factors can be expected or can be shown to have altered infant
feeding practices, either in the Neolithic or thereafter, and this chapter will
be devoted to expounding the reasons why. It will begin, however, with a
very brief sketch of the nature and spread of the Neolithic in Europe.

2.1 The European Neolithic

Agriculture first arrived in southeastern Europe from its origins in the Near-
East during the ninth millennium BP, and formed part of a loosely-wrapped
“Neolithic package” that included ceramics, polished stone axes, timber or
stone housing, and village dwelling (Zilhdo 2001, Tresset and Vigne 2011).
From here it spread throughout Europe by two main routes, one around the
Mediterranean coast and one through central Europe (see Fig. 1) (Rowley-
Conwy 2011, Tresset and Vigne 2011). The spread of the Neolithic Cardial
Ware Culture along the former of these routes appears to have involved a
leapfrog establishment of “Neolithic enclaves” by boat along the Mediterra-
nean coast; arriving in southeastern Italy around 8000BP, along the coast of
northwestern Italy some two or three centuries later, and then dispersing
along the Iberian coast in to the western coast of Portugal in less than two
centuries (Zilhdo 2001, Zeder 2008). The spread into the interior was proba-
bly via riverine routes, and there was a delay of some two centuries before
agriculture reached the northern coast of Iberia (Rowley-Conwy 2011).

13
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Figure 1: Map showing the major farming “spread events”. Dates are in calibrated

years BP. Reprinted from Rowley-Conwy (2011). Copyright © 2011, The University
of Chicago Press.

The central European route begins with the development of the Linera-
bandkeramik Culture (LBK) in the Carpathian basin around 7500 BP. From
here it dispersed along the Danube and Elbe rivers to much of central Europe
in just 150 years (Shennan 2008, Rowley-Conwy 2011). It expanded further
still over the following centuries to eventually cover an area stretching from
the Paris Basin to Ukraine (Gronenborn 1999). As with southeastern Europe,
the early Neolithic settlements did not saturate the whole region, but rather
were restricted to “settlement cells” on the loess soils (Whittle 1996, pp.
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144-177). The LBK Culture is characterised by its long-houses and cattle
based economy, and is remarkable for its uniformity (Whittle 1996).

Although Neolithic economies spread rapidly through southern and cen-
tral Europe, it was not until the start of the sixth millennium that they
reached northern Europe, Scandinavia, and the British Isles. This slow-down
is likely to have been due to the higher density of hunter-gatherer popula-
tions already in northern Europe (Zvelebil and Rowley-Conwy 1984, Isern
and Fort 2012). Other aspects of the “Neolithic package”, such as ceramics
and stone adzes, were adopted by the hunter-gatherer populations in Scandi-
navia in the early seventh millennium BP, but it is not until the start of the
sixth that the farming Funnel Beaker Culture appeared in the south of the
region (Malmer 2002). The Funnel Beaker Culture rapidly spread out as far
north as central Sweden and onto the Baltic islands of Oland and Gotland. In
contrast to most other regions of Europe, farming and hunter-gathering set-
tlements coexisted in this region throughout the Middle Neolithic.

Agriculture also appears to have arrived in the British Isles at the turn of
the sixth millennium BP, probably via a number of separate routes (Rowley-
Conwy 2004, 2011). The nature of the transition from Mesolithic to Neo-
lithic in the British Isles has been the subject of intense debate, with some
arguing for a varied early Neolithic economy (e.g. Thomas 2004), and others
that dietary change at least was rapid (Richards and Hedges 1999, Richards
et al. 2003b, Richards and Schulting 2006).

Perhaps the most common debate in European Neolithic archaeology dur-
ing recent decades has been the question of whether the spread of the Neo-
lithic represents the spread of peoples, or an indigenous adoption by hunter-
gatherer groups. Genetic evidence has now decisively shown that the domes-
tic plants and animals of Neolithic economies were descended from wild
ancestors in the Near East (Heun et al. 1997, Ladizinsky 1999, Badr et al.
2000, Troy et al. 2001, Pedrosa et al. 2005, Bollongino and Burger 2007,
Edwards et al. 2007, Naderi et al. 2008, Gerbault et al. 2012, Ottoni et al.
2013). The human picture is more complex, however genetic evidence in-
creasingly suggests that a substantial population replacement did take place
(Bramanti et al. 2009, Haak et al. 2010, Patterson et al. 2012, Skoglund et
al. 2012) , but with greater admixture with indigenous hunter-gatherer popu-
lations in the north (Patterson et al. 2012).

2.2 Agricultural Produce and Weaning

The development of agriculture changed not just the means by which food
was obtained, but also made novel types of foods available. These foods
include those that have historically been associated most closely with infant
feeding in Europe, namely cereal-based foods and animal milks. Historical
evidence shows that the use of these products in infant feeding goes back to

15



the ancient world. A survey of Graeco-Roman, Byzantine and Arabian
medical advice on infant feeding reveals that the most commonly recom-
mended weaning foods for infants were cereal porridges, bread, and animal
milks (Fildes 1986 Table 1.1.). The Talmud similarly instructs that women
who become pregnant whilst breastfeeding should wean their children from
the breast and instead rear them on cows’ milk and eggs (Fildes 1986). An
Egyptian wet-nursing contract from the Ptolemaic period meanwhile re-
quires that an infant was breastfed for the first six months, and then nour-
ished on “the best cow’s milk” for a further eighteen months (Garrison 1923,
pp- 15-16). The use of these products has continued to this day; dairy prod-
ucts are the substrate of most formula milks and feature prominently in in-
ternational complementary feeding guidelines (Dewey 2003, 2005). Cereals
meanwhile are still commonly used in weaning, usually in the form of forti-
fied porridges and gruels.

The utilisation of the milks of other species in human infant feeding has
had such profound consequences for infant health and survival that it should
be considered a revolutionary step in the evolution of infant feeding. Animal
milks are more similar to human milks than other foods, and prior to the
development of modern formulas would have been the safest alternative to
breastmilk when breastfeeding was not possible. Data from the British town
of Derby show that at the turn of the twentieth century the mortality of in-
fants raised on cows’ milk and water was around thirty percent lower than it
was for infants given condensed milk or cereal-based foods (Howarth 1905).
Animal milks were also used to prevent the spread of infection, for instance
during the syphilis epidemic in sixteenth century France, when it became
common for infants to be suckled by goats in order to prevent either infant or
nurse infecting the other (Fildes 1986, pp. 267-270).

On the other hand, however, animal milks are not human milk (see Paper
V), and their use where infants might otherwise have been breastfed has had
devastating consequences for infant health and survival. Modern formula
milks, which have developed out of the practice of modifying cows’ milk to
make it more similar to human milk (Castilho and Filho 2010), are still asso-
ciated with higher rates of morbidity than breastfeeding, particularly due to
gastrointestinal disease (Nommsen-Rivers 2004, Gartner ef al. 2005, Lauer
et al. 2007, Ip et al. 2009, Robinson and Fall 2012). Prior to their develop-
ment, the use of unmodified animal milks as replacements for breastmilk
could have catastrophic consequences. This is exemplified by the case of
Reykjavik in the first half of the eighteenth century. Iceland at this time had
a strong tradition of artificial feeding, and infant mortality in Reykjavik was
as much as twice as high amongst the children of the wealthy and farmers
than amongst the children of the poor, who could not afford cows’ milk and
so breastfed their infants at least briefly (Gardarsdottir 2002). The situation
in Derby was similar: although the infants reared on diluted cows’ milk fared
better than those on other artificial foods, infant mortality amongst their
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number was still 177/1000 compared to 69.8/1000 for breastfed infants
(Howarth 1905). Whether or not the use of animal milks in infant feeding
was a positive or negative development in the history of human nutrition
thus depends on whether it has encouraged the development of infant feed-
ing traditions in which artificial feeding was used to replace breastfeeding,
or whether these practices already existed.

In recent years the analysis of livestock slaughter profiles, isotopic evi-
dence for the early weaning of cattle (Balasse 2002), and the identification of
dairy lipid residues in early Neolithic pottery (Copley et al. 2003, Craig et
al. 2005, 2011, Evershed et al. 2008, Isaksson and Hallgren 2012, Salque et
al. 2013) have provided conclusive evidence that dairying was an integral
part of early Neolithic economies (Vigne 2008), and was not developed
some millennia later as part of a “secondary products revolution” as had
previously been proposed (Sherratt 1981). The digestion of the milk sugar
lactose depends on the production of the gut-enzyme lactase, which in all
other mammals is downgraded after the time of weaning. In humans, how-
ever, around 35% of human individuals worldwide possess one of a handful
of single nucleotide polymorphisms (SNPs) that mean they continue produc-
ing lactase in adulthood (Ingram et al. 2009). Selection for the allele associ-
ated with lactase persistence in Europe (13910*T) is thought to have begun
around 7500 years ago in a region between the Balkans and central Europe,
which correlates well with the spread of the early Neolithic Linearband-
keramik culture (Itan ez al. 2009). Since the majority of early Neolithic indi-
viduals did not carry this allele (Burger et al. 2007, Plantinga et al. 2012) the
consumption of raw milk would have caused them to suffer gastric symp-
toms of varying severity, such as abdominal pain, flatulence, and diarrhoea
(Mattar et al. 2012). With few exceptions therefore, the only individuals able
to consume raw milk in the early Neolithic would have been infants and
young children.

The identification of dairy lipids in early Neolithic LBK ceramic vessels
that strongly resemble modern cheese strainers points to the processing of
milk into low-lactose forms digestible by lactose intolerant adults (Salque et
al. 2013). Bowl forms associated with these strainers were however also
found to contain dairy lipids, implying the collection of the lactose rich whey
produced as a by-product of this method of cheese production (Salque et al.
2013). Whey would have been easier for infants to digest than whole cow’s
milk, since it completely lacks the casein proteins that cause digestive prob-
lems for human infants (see Paper V). Whilst it may have been processed
further, used to feed young animals, or simply discarded, one possibility is
therefore that whilst the adults and older children consumed cheese, infants
and young children drank the whey.
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2.3 Neolithic Demography

It has long been recognised that the adoption and then spread of agriculture
was associated with an increase in the size of the human population, and this
has now been identified in both genetic (Gignoux et al. 2011) and cemetery
(Bocquet-Appel 2011) data. An increase in the proportion of juvenile indi-
viduals (five to nineteen years) in early Neolithic cemeteries from south-
western Asia, mainland Asia, Europe and North Africa, and the north and
southwest of America (Bocquet-Appel 2002, 2009, 2011, Bocquet-Appel
and Naji 2006, Bellwood and Oxenham 2008, Guerrero ef al. 2008) indicates
that this population expansion resulted from an increase in female fertility
(Bocquet-Appel 2002, 2009, 2011). This is supported by a greater relative
increase in caries rates in females than in males, a phenomenon attributed to
hormonal changes during pregnancy (Lukacs 2008). The increase in fertility
is thought to have been of the order two extra offspring born to each female,
and exponential population growth must have been curtailed shortly after by
a similar increase in mortality (Bocquet-Appel 2002, 2009, 2011). This
demographic transition is thus the direct mirror-image of the Contemporary
Demographic Transition documented in industrialised societies over recent
centuries, whereby a decline in mortality has been followed by a drop in the
fertility rate (Bocquet-Appel 2011).

The cause of increased fertility during the Neolithic has frequently been
attributed to a change in infant feeding patterns (Buikstra et al. 1986,
Armelagos et al. 1991, Bocquet-Appel 2002). Although influenced by a
number of factors, the duration of post-partum amenorrhoea is positively
correlated with the duration of post-partum infertility (World Health
Organization Task Force on Methods for the Natural Regulation of Fertility
1998, Valeggia and Ellison 2009). For this reason it has been suggested that
Neolithic population increase may have been due to a reduction in the dura-
tion of breastfeeding in response to the availability of the agricultural foods
discussed above, which, it is argued, could have been fed to younger infants
(Buikstra et al. 1986, Armelagos et al. 1991, Molleson et al. 1993, Ellison
2001, pp. 293-294, Bocquet-Appel 2002). Research over the past decade
means that the “weaning foods availability” hypothesis no longer seems
likely as a motivation for reducing breastfeeding. Whilst new foods certainly
were available, ethnographic evidence reveals that hunter-gatherers and fish-
ers use a similarly large range of weaning foods as agriculturalists and pas-
toralists (Sellen and Smay 2001). They also introduce both liquids and solids
rather earlier on average than pastoralists and agriculturalists (Sellen and
Smay 2001). Whilst this need not mean that Mesolithic hunter-gatherer
populations introduced supplementary foods earlier than early Neolithic
farmers, it does suggest that they would have been entirely capable of find-
ing suitable supplementary foods to use had they wished to.

18



2.4 Women’s Working Patterns

Sellen and Smay did find that, whilst extremely variable, the overall duration
of breastfeeding was shorter on average in agricultural populations than in
hunter-gatherer populations (2001). It is still entirely possible, therefore, that
early Neolithic population growth was caused by a decrease in either the
duration or intensity of breastfeeding, but that this was motivated by factors
other than the availability of weaning foods. One suggestion for this is a
change in women’s working pattern requiring that infant care be shared by
individuals other than the mother at an earlier age (Sellen and Smay 2001,
Sellen 2007). Ethnographic data do suggest that women living in subsistence
economies breastfeed less as their participation in subsistence activities in-
creases (Nerlove 1974, Piperata and Mattern 2011). The extent to which
women’s work patterns interferes with breastfeeding depends not just on
overall workload, but also whether work can be done in or near the home,
how easily it can be interrupted or rescheduled, and the extent to which ei-
ther workload or childcare can be shared with other individuals (Huffman
1984, Piperata and Mattern 2011). The physical effort involved in carrying a
toddler to the fields has been reported by women working in farming as a
reason for weaning children early (Fouts et al. 2005, Ghosh ef al. 2006).
Although hunting and foraging also entail carrying nursing infants, lower
overall workloads and increased levels of sharing of subsistence activities
with other individuals may mean that this places less physical burden on
mothers than it does amongst farmers (Fouts et al. 2005). It may therefore
have been more common for infants in agricultural communities to be left in
the care of elderly relatives or older siblings whilst their mothers worked,
which would necessitate the earlier introduction of supplementary foods and
possibly the earlier cessation of breastfeeding.

2.5 Parasite and Pathogen Risks

The closer interaction between humans and animals during the Neolithic,
along with larger group sizes, and the greater sedentism of those groups all
increased the prevalence of infectious disease (Armelagos et al. 2005).
Theoretical modelling of the rate of human population dispersals has also
found that female fecundity and infant mortality are more significant predic-
tors of the rate of spread than adult mortality is, and that the rate of advance
of the European Neolithic predicts a relatively high infant mortality rate of
50-63% (Pérez-Losada and Fort 2010). The risk of infants not surviving to
adulthood would thus appear to have been relatively high during the early
Neolithic, and life-history theory predicts that in the face of increased mor-
tality risks parents will invest less in each individual child and more in re-
peated reproduction. Furthermore, mortality risks are to some extent unpre-
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dictable, and it is thus hypothesised that where the cost of ending up with
fewer than the optimal number of adult offspring is greater than that of end-
ing up with too many, fertility rates will increase above that needed to com-
pensate for the mortality rate (Leslie and Winterhalder 2002, Winterhalder
and Leslie 2002). There may also be an association with increasing adult
mortality rates and earlier weaning: Kachel, Premo and Hublin (2011) have
argued that as adult mortality rates increase so will the pressure to reduce
birth spacing, in order to reduce the chances of women dying prior to achiev-
ing their reproductive potential. Somewhat counter-intuitively, therefore, the
expected response of Neolithic populations to the increased pathogen load of
Neolithic environments is to have diverted energy from lactation to future
reproduction by reducing the duration of breastfeeding.

2.6 The Neolithic as a Novel Cultural Milieu

Infant feeding practices are not just influenced by ecological and practical
decisions, but are also firmly embedded in cultural norms. As will be re-
viewed in Chapter 4, breastfeeding and supplementary feeding are culturally
meaningful in ways that have little or nothing to do with the nutrition and
protection of an infant, and these meanings can differ wildly between differ-
ent populations. Given the sweeping cultural changes associated with the
spread of Neolithic populations throughout Europe it is entirely plausible
that these early farmers may also have had different idea about infant feed-
ing to the hunter-gatherer populations that preceded them. Infant feeding
practices may thus have changed for reasons that had little to do with the
ecological context of agriculture.

2.7 Implications — An Infant Feeding Revolution

Prior to the arrival of agricultural economies in Europe, no infant could have
been fed with the animal milks and cereal gruels that have been so widely
used in infant feeding during at least the last two millennia of European his-
tory. As such, the Neolithic can be seen as something of a defining moment
in the evolution of human infant feeding practices. This need not mean that
infant feeding practices were any different during the Neolithic itself - the
use of agricultural products in weaning might not have begun until later. As
discussed above, however, it has long been hypothesised that Neolithic
population increase was due to earlier weaning, and it is thus plausible that a
revolution in infant feeding occurred during the Neolithic itself.
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3 Infant Feeding in Biological Perspective

3.1 The Evolution of Lactation

Lactation, the nourishment of young with milk secreted via the mammary
gland, is a trait unique to the mammalian order and common to all species
within it. A lack of fossil evidence means that the process by which lactation
and the mammary gland evolved is still unclear and subject to some contro-
versy (Lefévre et al. 2010). It is now widely accepted, however, that the
process was gradual and has very ancient origins that long precede the de-
velopment of the mammalian order (McClellan et al. 2008, Lemay et al.
2009, Lefévre et al. 2010, Hinde and German 2012, Oftedal 2012). It has
even been suggested that some milk constituents may have developed prior
to the split of the synapsids (the phylogenetic branch that gave rise to mam-
mals) and the sauropsids (the branch that gave rise to reptiles and birds) ap-
proximately 310 million years ago (Oftedal 2012). An early attempt to ex-
plain lactation’s evolutionary development was made by Darwin himself in
the sixth edition of “On the Origin of Species”, in which he suggests that the
young of mammalian ancestors may have been nourished in a brood pouch
by cutaneous secretions. More recent explanations have included the sugges-
tion that lactation developed out of fluid secreted by Permian Synapsids to
prevent the desiccation of their parchment-shelled eggs (Oftedal, 2002,
2012), and that it has its origins in the innate immune system (Vorbach et al.
2006, McClellan et al. 2008). Whatever its origins, a system of complex
milk production, complete with casein and whey proteins, lactose, lipids, and
possibly oligosaccharides, had developed by the Jurassic period at the latest
(Lefévre et al., 2010; Lemay et al., 2009; Oftedal, 2002, 2012).

Milk provides mammalian infants with all the nutrients they need to sus-
tain early growth in an easily digestible form (McClellan et al. 2008). Fur-
thermore, they enable the nourishment of young to be divorced in time and
place from the acquisition of nutrients (Oftedal 2012). This enables young
animals to receive nourishment even when food resources are in short sup-
ply, and is particularly exploited by species that nurse their young during
periods of hibernation or fasting. An extreme example is the blue whale. The
female of the species lays down huge blubber stores whilst feeding in polar
and cold-temperate waters, and later migrates to warm or tropical areas to
give birth. She then transfers 220kg of milk per day to her young whilst fast-
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ing herself, equating to sufficient energy over the course of the six month
lactation period to feed 200 people for a year (Oftedal 2012).

Mammals today exhibit an enormous variety of lactation strategies,
which are adapted to maximise fitness according to the different physiolo-
gies, life-history characteristics, and living environments of each species
(Sellen 2009). Broadly speaking, the duration of lactation correlates with
body mass for most species, and ranges from as little as four or five days in
spiny rats (Proechimys guairae), and elephant shrews (Macroscelides pro-
boscideus), to over 900 days in the chimpanzee (Pan troglodytes) and
orangutan (Pongo pygmaeus) (Hayssen 1993). Short lactation lengths (under
ten days) are relatively rare, but long lactation of over a year is common in
large-bodied species that give birth to single offspring (Hayssen 1993). The
age at the introduction of solid foods also increases with rising age at wean-
ing, but the ratio of exclusive lactation to mixed feeding decreases (Hayssen
1993). Lactation length is also related to milk composition. Species that
nurse for short periods of time have lipid-rich milks capable of rapidly trans-
ferring large amounts of energy to the young (Hinde and German 2012).
Similarly, the milks of species that suckle infrequently are highly concen-
trated in order to sustain infants between suckling bouts (Sellen 2009, Hinde
and Milligan 2011). In species with accelerated infant growth rates, the
young are nourished by milks with high protein concentrations and in which
protein provides much of the energy in milk (Power et al. 2002, Sellen 2009,
Hinde and Milligan 2011).

The primate species typically have slow life-histories, including a long
period of lactation relative to their body size, and frequent suckling (Sellen
2007). Primate milks are thus dilute with low energy, fat, and protein con-
tents and high carbohydrate content (Sellen 2007, Hinde and Milligan 2011,
Hinde and German 2012). This reduces the daily costs of lactation on the
mother, enabling her to sustain lactation over long periods and buffering
both mother and infant against short-term resource shortages (Pond 1977,
Hinde and Milligan 2011). Generally speaking, the energy density of primate
milks increases as adult female body mass decreases, and there is a positive
association between energy from protein and growth rate amongst the an-
thropoid primates (Hinde and Milligan 2011). Most primates are weaned
rapidly, however the duration of transitional feeding has been found to in-
crease with maternal body size (Sellen 2009).
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3.2 Human Lactation Strategies

3.2.1 Breastfeeding Duration and the Age at Weaning

Clinical and epidemiological evidence suggest that the pattern of human
lactation that is predictive of optimal health outcomes for infants involves:
e six months of exclusive breastfeeding, initiated within an hour of
birth
e the introduction of nutrient-dense and pathogen-poor comple-
mentary foods at the age of six months'
e the continuation of breastfeeding into at least the third year of
life, during which time high-quality family foods should be
gradually introduced to the diet (Kramer and Kakuma 2002,
2012, Dewey 2003, 2005, World Health Organization and
UNICEF 2003, Agostoni et al. 2008).

Since this lactation pattern produces the best outcomes for infant health it
has been argued to be a model of the evolved pattern of infant feeding in
Homo sapiens (Sellen 2007), and it forms the basis of international infant
feeding recommendations today (World Health Organization and UNICEF
2003). Ethnographic data reveal that human lactation strategies do not neces-
sarily conform to this ideal pattern, however. Observations of the age at
which weaning is initiated (introduction of non-breastmilk foods) in non-
industrial societies suggest that this is extremely variable and often occurs
much earlier than the four to six months suggested by optimal health out-
comes (Sellen 2001, 2009, Sellen and Smay 2001, Kennedy 2005). Sellen
(2001) found that over seventy percent of all infants were given liquids other
than breastmilk prior to six months of age, with their introduction during the
first month being common. The central tendency of the age at the introduc-
tion of solid foods was around six months, but the range of ages spanned the
entirety of the first eighteen months of life. The range of ages at which
weaning is completed (cessation of suckling) in human societies is also ex-
tremely variable, spanning from a few hours (if breastfeeding is ever initi-
ated at all) to more than six years, and is nearly as great as that observed in
all the other mammalian species put together (Sellen 2001, Dettwyler 2004,
Kennedy 2005). Nonetheless, studies of ethnographic data have found that
the majority of infants in non-industrial societies do breastfeed for more than
two years and that weaning is most commonly completed during the third
year (Sellen 2001, Kennedy 2005).

Although humans have the slowest life histories of all the ape species, the
timing of end of weaning given in this model is precocious compared to that
predicted by comparison to the other apes (Kennedy 2005, Robson et al.

""" Although some researchers argue that for some infants complementary foods should be
introduced at as early as four months (Fewtrell ef al. 2007, Reilly and Wells 2007)
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2006, Sellen 2006). Suckling in chimpanzees and orang-utans, for example,
ceases around 4.5 and 7 years of age respectively, despite these species hav-
ing earlier ages at first birth and significantly shorter average life spans than
humans (Robson et al. 2006). Various measures proposed for estimating the
“expected” age of weaning in a species, including the attainment of specific
multiples of birth or maternal weight and the timing of the eruption of the
first molar, predict that humans will cease nursing around 5-6 years
(Dettwyler 1995, 2004, Robson et al. 2006, Humphrey 2010). Recent model-
ling has however found that the increased carnivory of the human species is
both a necessary and sufficient explanation for the earlier weaning of hu-
mans compared to the other apes (Psouni et al. 2012). The human trait of
ceasing suckling at just two to three years thus means that weaned human
infants are immature compared to other species, and humans are the only
primate species to completely wean their infants before they are able to for-
age for themselves (Robson et al. 2006, Sellen 2006, 2007).

It has been argued that the driving force behind earlier weaning was the
immense nutritional demands of human brain development during child-
hood, since even at high levels of milk production an infant’s energy re-
quirements cannot be satisfied by breastmilk alone beyond the end of the
first year (Kennedy 2005). Supplementing the infant diet at an early age
would therefore have become necessary, but would increase the risk to in-
fants of being infected by parasitic and pathogenic agents at an earlier stage
of development. Despite this, survival of infants and weanlings is better in
the human species than in other apes, which is presumed to be due to human
complementary feeding practices (Sellen 2007). Complementary feeding, or
the provisioning of human infants with specially prepared nutritionally rich
and relatively sterile complementary foods over a long period, is a uniquely
human trait (Knott 2001). Meat and other animal products such as eggs
could have provided sufficient energy and high-quality protein to maintain
brain development (Kennedy 2005). The use of food processing techniques
such as heat processing and premastication would then have altered these
foods into a form consumable by infants and improved the digestibility of
the nutrients within them (Sellen 2007). Heat processing and premastication
are also likely to have lowered the infection risk of complementary foods,
and premastication may have played a role in transferring immune factors to
the infant (Aggett 2010, Pelto et al. 2010, Van Esterik ef al. 2010). Contin-
ued breastfeed into the third year of life would have been vital for ensuring
that infants still benefited from the immune properties of breastmilk.

The wide variation observed in both the age of initiation and cessation of
weaning in human societies suggests that plasticity in the timing of weaning
is an apomorphic (derived) trait of the human species (Kennedy 2005, Sellen
2007). This plasticity would have been adaptive, since it would enable lacta-
tion strategies to be varied according to the ecological context in which a
child was being weaned (Sellen 2007, 2009). Weaning could thus be ad-

24



vanced or delayed to take advantage of periods of high resource availability
and low infection risk, or in accordance with the physical development of an
individual child.

3.2.2 Human Milk Composition

Milks are complex liquids and contain all the macro- and micronutrients
required to sustain infant growth and development. In addition they contain a
number of bioactive components that have functions beyond the nutritional.
These include immune factors, hormones, growth factors, lipids and saccha-
rides that help to protect the infant from pathogenic organisms and promote
the development of the infant’s own immune system and gut microbiota
(Donovan 2006, Ebringer et al. 2008, Rautava and Walker 2009, Walker
2010, Martin and Sela 2013). The composition of milk is dynamic, and
changes according to the age of the child, the time of day, and during each
feed (Riordan and Wambach 2010, pp. 117-161, Khan et al. 2013). Fur-
thermore, milk composition alters in order to maximise a mother’s reproduc-
tive potential: a recent study has found that economically sufficient mothers
produce milk with higher fat concentrations if their child is male rather than
female, whereas amongst poor mothers milk fat concentrations are higher for
daughters than sons (Fujita ez al. 2012). This accords with predictions arising
from the fact that male reproductive success is more variable than that of
females, since females devote more time and resources to each offspring and
thus have greater limits on the frequency with which they can reproduce.
Under affluent conditions a mother is more likely to maximise her reproduc-
tive success by investing in her sons to make them better able to compete for
mates. Under poor conditions, meanwhile, a mother is more likely to maxi-
mise her reproductive success by investing in her daughters, who can then
mate with males of higher status, than in sons who are unlikely to be able to
adequately compete for mates (Fujita et al. 2012).

Table 1: Comparison of the gross composition of the milks of great apes and
ruminant species (Primate data (except human) from Hinde and Milligan 2011,
Ruminant and human data from the USDA nutrient database (USDA ARS 9)) .

Species Fat (%) Protein (%) Carbohydrate (%) Water (%)
Human 4.4 1.0 6.9 87.5
Orangutan 2.2 0.7 7.4 88.1
Mountain Gorilla 1.8 1.9 6.6 89.0
Bonobo 1.1 1.0 8.2 89.6
Chimpanzee 2.2 0.9 7.4 88.2
Cow 3.7 3.3 4.7 87.7
Goat 4.1 3.6 4.5 87.0
Sheep 7.0 6.0 5.4 80.7
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A comparison of the gross composition of human breastmilk compared to
the milks of a number of domestic dairy species and other great apes is
shown in Table 1. Although human breastmilk has one of the highest carbo-
hydrate contents and lowest protein contents of any mammal, its gross com-
position is not unusual in comparison to the milks of other primates (Sellen
2009). The milks of humans and rhesus macaques (Macaca mulatta) are
unusual in that the protein within them is dominated by whey (soluble) pro-
teins rather than caseins (insoluble proteins) (Kunz and Lonnerdal 1993).
The whey-to-casein ratio of human milk decreases during the course of lac-
tation. The protein in human colostrum (the milk formed during the first five
days post-partum) is around 80% whey, but this falls to around 60% in ma-
ture milk (after 14 days) and around 50% in late lactation (Kunz and
Lonnerdal 1992, Lonnerdal 2003). By way of contrast, the protein in rumi-
nant milks is around 70-80% casein (Gurr 1981, Park et al. 2007). A number
of whey proteins are unique to milk, including the principle breastmilk pro-
tein, a-Lactalbumin (McClellan et al. 2008). a-Lactalbumin is a rich source
of essential amino acids, and may also have a beneficial impact on the gut
microbiota, stimulate immune function, and improve mineral absorption
(Lonnerdal and Lien 2003). Other human whey proteins play important roles
in protecting the infant from infection, promoting the development of the
infant’s immune defences and gut microbiota, in mineral transport, and
stimulate mucosal growth (Walzem et al. 2002, Lonnerdal 2003, McClellan
et al. 2008, Le Huérou-Luron et al. 2010).

There are also important differences in the digestibility of casein-rich ver-
sus whey-rich milks. The casein proteins clot in the acid environment of the
stomach, whereas the whey proteins empty rapidly into the small intestine as
intact proteins (Walzem et al. 2002, Khan ef al. 2013). The high casein con-
tent of ruminant milks therefore causes a firm curd to form in the stomach
that traps milk fat globules within it, and so leads to a slow release of amino
acids, peptides, and fat to sustain the young animal between sucklings
(McClellan et al. 2008). This firm curd is difficult for human infants, who
suckle frequently, to digest, and the low casein:whey ratio of human milk
protein produces a softer curd that can be more rapidly digested (McClellan
et al. 2008).

The principle carbohydrate in milk is the milk-sugar lactose, a disaccha-
ride that is uniquely synthesised in the mammary gland. Lactose provides
around 40% of the energy in mature milk (Hinde and Milligan 2011: Table
2), and promotes the absorption of calcium in the small intestine (McClellan
et al. 2008). Some lactose also makes it through to the large intestine intact,
where it benefits the growth of beneficial bacteria (Mountzouris et al. 2007,
McClellan e al. 2008). In addition, human milk carbohydrate contains an
unusually high quantity and diversity of oligosaccharides (Bode 2009),
which are polymers made up of two to ten simple sugars. These are not di-
gested, but benefit the infant in other ways. Human milk oligosaccharides
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are best known for their prebiotic effects: they are metabolised by and so
promote the growth of beneficial gut bacteria. They also help prevent infec-
tion by pathogenic bacteria by inhibiting them from adhering to the intestinal
epithelial cell surface, and possibly by modifying the sites on the intestinal
cell surface that pathogenic bacteria attach to (Bode 2009, Martin and Sela
2013).

Fat is the most variable component of breastmilk. Milk fat concentrations
are higher during the day and evening than at night and in the morning, and
they also increase during the course of each feed (Kent et al. 2006, Khan et
al. 2013). The milk produced during the first year of an infant’s life has a
lower fat concentration than that produced thereafter (Mandel et al. 2005).
Milk fat is primarily an energy source; approximately half of all the energy
in breastmilk is derived from the fat component (Thompkinson and Kharb
2007). It is also an important source of fatty acids, including long-chain
polyunsaturated fatty acids important for brain development (Anderson et al.
1999, Guxens et al. 2011). Free fatty acids and monoacylglycerols released
from milk triacylglycerols in the stomach also have various antimicrobial
properties (Ebringer et al. 2008). In addition, milk lipid is an indispensable
source of fat-soluble vitamins (Jelliffe and Jelliffe 1978, Thompkinson and
Kharb 2007).

Colostrum, the milk produced immediately post-partum, is particularly
geared towards supporting the immature neonatal immune system as the
infant makes the transition from the relatively sterile uterine environment to
the microbe-rich external environment (McClellan et al. 2008). It contains
greater amounts of immune factors and antimicrobial proteins than mature
milk, and thus has a higher total protein content (Hester et al. 2012). In addi-
tion it contains greater quantities of oligosaccharides than later milk (Engfer
et al. 2000). In contrast to protein, the lipid and carbohydrate content of co-
lostrum is lower than that of mature milk (Hester ez al. 2012). A summary of
the changing composition of human breastmilk during the first six weeks of
life can be found in table Table 2.

Table 2: The changing composition of human milk during the first six weeks of life
(data from Hester et al. 2012).

Colostrum Transitional Milk Mature Milk
(1-5 days) (6-14 days) (15 days to 6 weeks)
Mean+SE  Range Mean+SE Range Mean+SE Range
Lipid (g/100ml) 2.2+0.2 1.0-3.0 3.0+0.1 2.5-3.8 3.84#0.1 2.8-4.9
Carbohydrates (g/100ml)  5.6+0.6 2.6-7.6  5.910.4 4.1-6.8 6.710.2 5.0-8.3
Protein (g/100ml) 2.5+0.2 14-65 1.7+0.1 1.3-25 1.3#0.1 0.8-2.1
Energy (kcal/100ml) 53.6+2.5 57.7+4.2 65.2+1.1
Volume (ml/day) 21.5%4.2 495.3+33.4 673.6+29.0
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3.2.3 Supplementary Foods

As an infant grows the ability of breastmilk to meet all its nutritional re-
quirements diminishes, until eventually the nutritional demands of infant
growth begin to outstrip that which breastmilk can supply. There then devel-
ops a “weanling’s dilemma” between the inevitable risk of growth faltering
if exclusive breastfeeding continues, and the infection risk from introducing
complementary foods to supplement nutritional intake (Fig. 2) (Rowland et
al. 1978). Breastmilk combined with endogenous nutrient stores can meet all
nutrient requirements for the first six months of life, with the possible excep-
tion of iron and vitamins A, B6 and D under certain circumstances (Butte et
al. 2002, Kramer and Kakuma 2012). Supplementing the diet after the age of
six months is also associated with a significantly reduced risk of gastrointes-

Figure 2: Perhaps the greatest risk associated with supplementary feeding is that of
consuming foods contaminated with infectious pathogens. Traditional feeding ves-
sels, with narrow hard-to-clean spouts and rough surfaces, often provided ideal
environments for microbial growth. Top Left: A late Neolithic feeding vessel from an
infant grave, Tours-sur-Marne, France, © Wellcome Library, London. Bottom Lefi:
A Roman feeding bottle in the shape of a swan, © Science Museum, London. Right:
An infant feeding horn from Rdned in Norrbotten County, northern Sweden, ©
Nordiska Museet, Stockholm.
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tinal disease and respiratory disease, and six months thus appears to be the
age at which the risks of not supplementing the diet outweigh the risks of
doing so for most children (Kramer and Kakuma 2012).

Iron demands are extremely high during infancy, and iron deficiency dur-
ing this time can have long-term effects on development (Lozoff et al.
2000). Breastmilk is a poor source of iron, but the majority of infants are
born with sufficient iron reserves to sustain growth for the first six months of
life (Butte et al. 2002). In cases where the maternal diet is poor in iron, in-
fant endogenous reserves may be smaller and thus exhausted sooner (Kramer
and Kakuma 2012). Iron is thus likely to be the first nutrient that requires
supplementation of the breastmilk diet, and it is essential that complemen-
tary foods are iron-rich since they need to provide more than ninety percent
of an infant’s iron needs during the complementary feeding period (Agostoni
et al. 2008).

During the second half of the first year breastmilk also becomes deficient
in other micronutrients and overall energy content; at 9-11 months of age
complementary foods need to supply 86% of an infant’s zinc requirements,
81% of phosphorous, 76% of magnesium, 73% of sodium, and 72% of cal-
cium (Dewey 2001). An infant’s gastric capacity is however still small at
this age, and so complementary foods must be nutrient dense (Dewey 2003).
The inclusion of animal foods in the diet is essential for meeting all micronu-
trient requirements between 6 and 18 months of age (Dagnelie and Van
Staveren 1994, Dewey 2003, Agostoni et al. 2008). This does not include
dairy products, however. Goat’s and cow’s milk products are poor sources of
iron, and cow’s milk can also increase gastrointestinal blood (and thus iron)
losses in infants under one year of age (Ziegler 2011). Goat’s milk is also a
poor source of vitamin B12 and folate, and its consumption by infants can
lead to megaloblastic anaemia, electrolyte imbalances, and metabolic acido-
sis (Baur and Allen 2005, Ziegler et al. 2005, Basnet et al. 2010). Cow’s
milk is thus not recommended either as a breastmilk replacement or a sup-
plementary food during the first year of life, and only in modest amounts
thereafter (Ziegler 2011).
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4 Infant Feeding in Cultural Perspective

“Taste...is an incorporated principle of classification which governs all forms
of incorporation, choosing and modifying everything that the body ingests and
digests and assimilates, physiologically and psychologically”

Pierre Bourdieu (1984, p. 190)

As with all other aspects of the human diet, infant feeding practices are
deeply enmeshed in a set of cultural beliefs, attitudes, and fashions. Indeed,
the nature of infant feeding, with low-repeatability (each child being weaned
only once) and uncertain long-term outcomes that are far removed in time
from the event itself, means that knowledge about it is suited to being trans-
mitted by social learning rather than obtained through individual trial and
error (Hadley et al. 2010). Cultural norms rather than optimal health out-
comes thus set the standard from which infant feeding practices deviate
(Hadley et al. 2010, Amir 2011). As a result, infant feeding practices may
differ substantially from what would be predicted if they were governed
purely by the need to provide an infant with sufficient nutrition in a given
environment (Sellen 2007). Different populations living in the same ecologi-
cal context, or indeed different subgroups of the same population, may there-
fore have differing beliefs about breastfeeding and weaning and employ
vastly different infant feeding practices. This chapter will give an overview
of some of the ways in which breastfeeding and weaning have been concep-
tualised in different cultures and the ways in which these have varied histori-
cally.

4.1 The Social Context of Nursing

It is relatively unusual for an infant to be breastfed by a woman other than its
mother in industrialised societies today. Wet-nursing and cross-nursing
(shared nursing of infants) are however widely attested in other cultures. The
Cuna of Panama will for instance breastfeed each other’s infants when the
mother is not available to do so (Jelliffe er al. 1961). During the Edo period
in Japan (17" to mid-19™ centuries) the children of those who could afford it
were nursed by their own mothers for around two years and then wet-nursed
until the age of six or seven (Segawa 2008). Throughout much of European
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Figure 3: The pressure to live up to social ideals is perhaps one of the most power-
ful determinants of human infant feeding practices. The disinterest of the mother in
this satirical cartoon by James Gilray, published in 1796, implies that for many
upper class women the primary motive for breastfeeding was to conform to the new
fashion for maternal nursing, rather than any genuine desire to or belief in its bene-
fits. Note the idealized nursing image on the wall behind. © Trustees of the British
Museum

history the offspring of the wealthy were sent out to wet-nurse from birth,
and wet-nursing became a significant social institution that was highly pro-
fessionalised (Fildes 1986, pp. 98—133). This began to change across much
of Europe during the eighteenth century when books on nursing and child-
care aimed specifically at women rather than the medical profession, such as
Cadogan’s “Essay upon nursing” (1748), inspired a change in fashion from
wet-nursing to maternal breastfeeding (Fildes 1986, Matthews Grieco 1991).
Social pressures on infant feeding thus changed from it being considered
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unseemly for upper-class women to breastfeed, to it increasingly being con-
sidered a neglect of moral duty not to do so (Fig. 3).

In many cultures suckling is considered to create kinship or kin-like rela-
tions between the nurse and nursling. Three forms of kinship are defined
under Islamic law, that by blood, marriage, and milk (Khatib-Chahidi 1992).
Milk kinship is associated with similar marriage prohibitions to blood kin-
ship; two people suckled by the same woman may not marry, and nor may
they marry that woman or her blood or milk relatives (Khatib-Chahidi 1992,
El-Khuffash and Unger 2012). Milk kinship does not directly imitate blood
kinship, however; milk parents have no duty of guardianship over their milk-
children, and milk kin do not inherit from each other (Khatib-Chahidi 1992).
This is in contrast to infant fosterage practices in premodern southeast
Europe. Historic accounts from the state of Abkhazia on the eastern shores
of the Black Sea detail how milk-kinship was considered equal to that of
blood, and fostered wards owed a life-long duty of protection to their milk-
kin (Parkes 2004). This came to be extended symbolically, such that token-
suckling and breast-biting were used to reconcile blood-feuds, create alle-
giances, and create impediments to marriage (Parkes 2004). Similar uses of
milk-kinship to create ties and reconcile feuds are reported across a variety
of different cultures (see Khatib-Chahidi 1992).

4.2 The Properties of Breastmilk

“Were not I thine only nurse,
I would say thou hadst suck'd wisdom from thy teat.”
The Nurse, Romeo and Juliet, Act I scene III

Breastmilk is widely considered to be an extremely powerful substance that
is imbued with properties beyond the nutritional. According to Greek my-
thology the Milky Way was formed from breastmilk spilled by Hera as she
pulled away from the suckling Heracles. The belief of Juliet’s nurse that an
infant’s character and abilities were shaped by those of the woman from
which it suckled was widely held historically. The Greek Physician Soranus
of Ephesus was of the opinion that “by nature the nursling becomes similar
to the nurse and accordingly grows sullen if the nurse is ill-tempered”
(Soranus of Ephesus and Temkin 1991), and the 17" century French obste-
trician Guillemeau believed that physical traits of the nurse could be passed
to the child, and accordingly decreed that neither the nurse nor any of her
ancestors should ever have been “stained or spotted, in body or mind”
(Matthews Grieco 1991). In pre-revolutionary Russia breastmilk was viewed
as the source of human sinful nature, and in the region of western Belarus
infants who died without having consumed it were believed to bypass purga-
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tory and go straight to heaven (Gerbeda-Wilson and Powers 2012). The Nso
of Cameroon, meanwhile, consider breastmilk to have medicinal properties
(Yovsi and Keller 2003), and in early modern England and America it was
regarded as a beneficial food for the sick, both adults and children (Salmon
1994).

Perhaps due to its unusual appearance compared to mature milk, beliefs
that the colostrum is not good milk and should not be given to infants are
widespread (Fildes 1986, Matthews Grieco 1991, Yovsi and Keller 2003,
Laroia and Sharma 2006, Shaikh and Ahmed 2006). The Roman physician
Soranus was of this opinion, arguing that maternal milk was unwholesome
for infants during the first twenty days post-partum, although not all con-
temporary physicians shared his view (Fildes 1986, pp. 26-27). These be-
liefs mean that the first milk is discarded, and infants may be given other
foods or even just water for the first couple of days post-partum (Laroia and
Sharma 2006, Shaikh and Ahmed 2006, Gerbeda-Wilson and Powers 2012).
In both Hindu and Islamic culture these pre-lacteal feeds are important ritu-
als that are usually performed by a respected family member (Laroia and
Sharma 2006, Shaikh and Ahmed 2006). In pre-revolutionary Russia the first
milk feed was given only after socialisation rituals had been performed for
the infant and purification rituals for the mother, and the infant was first
given a chew of grated beetroots that was believed to avoid a child being
fussy and to prevent hernia (Gerbeda-Wilson and Powers 2012). The loss of
the anti-infective properties of colostrum and the increased pathogen risk
from feeding a neonate other foods mean that these practices are thought to
increase infant morbidity, particularly in non-industrialised populations
(Holman and Grimes 2003).

Once a woman’s mature milk has come in, a variety of conditions may
still be considered to turn it “bad” and so cause a cessation of breastfeeding.
A belief from Classical times that persisted until medieval times in Europe
was that the milk was related to the menstrual blood, and medical illustra-
tions from the 16™ Century even illustrate the “vasa mensualis” via which it
was believed that the menses were directed to the breast during pregnancy
and lactation (Fildes 1986, fig. 6.3). Menstruation was thus believed to re-
duce the quality and even corrupt the milk (Fildes 1986, pp. 179—-182). Ta-
boos against sexual intercourse during lactation are also widespread (Saucier
1972), and have been suggested as an explanation for the greater use of arti-
ficial feeding and wet-nursing historically in Catholic regions than Protestant
regions of Europe (Van Poppel et al. 2002, Thorvaldsen 2008). Pregnancy is
also widely regarded to either reduce the quality of or pollute the breastmilk
(Matthews Grieco 1991, Eidelman 2006).
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For copyright reasons, there is no image in the digital edition

Figure 4: The origins of animal milks in infant feeding? Christian Bernhard Rode,
18™ Century. © Trustees of the British Museum

4.3 Artificial Feeding With Animal Milks

Gods and demi-gods raised on animal milk feature widely in European my-
thology. Amongst others the Nordic primordial frost giant Ymir was suckled
by the cow Audumbla, the Greek God Zeus was believed to have been raised
on milk from the goat Amalthea, Telephus the son of Hercules was nursed
by a doe, the Lydian King Croesus and Persian King Xerxes by mares, the
Trojan Paris by a bear, and most famously the twin founders of Rome,
Romulus and Remus, were nursed by a wolf (Radbill 1976). Being nursed by
animals was presumably supposed to emphasise the other-worldly nature of
these individuals and the origin of their powers. The characteristics derived
from animal milks have not always been considered to be positive however.
A 14" century Tuscan moralist Paulo de Certaldo was concerned that a
child’s cognitive development would be shaped by the animal whose milk
they drank, and warned that that “the child nourished on animal milk does
not have perfect wits like one fed on women’s milk, but always looks stupid
and vacant and not right in the head” (Matthews Grieco 1991). Medical au-
thors thus typically only recommended animal milks for infant feeding in the
event that breastfeeding was not possible (Fildes 1986, pp. 299-306).

Prior to the domestication of animals it would presumably not have been
possible for animal milks to be used in human infant feeding, however eth-
nographic evidence suggests that the idea of doing so may not have required
much of a cognitive leap. Hunter-gatherer women have been observed feed-
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ing young abandoned animals their own breastmilk on a number of occa-
sions (Radbill 1976, Bird-David 2008), and once possible using animal
milks to feed human infants in need may well have been a natural extension
of an already-extant idea. Media reports of an eighteen month old Cambo-
dian boy imitating a calf and suckling directly from the family cow after he
had been suddenly weaned when his parents left the country to find work
(Samrang et al. 2011), show that once domestic animals were present the
initiative to use their milk in infant feeding could even have come from chil-
dren themselves rather than adults (Fig. 4).

4.4 The Introduction of Non-Milk Foods

Vast variation is exhibited between cultures in both the timing of the intro-
duction of non-milk foods and the types of foods given. The first introduc-
tion of solid foods (aside from pre-lacteal feeds) may also be a rite of pas-
sage, such as the Hindu ceremony of Anna Prashan, in which an infant is fed
its first solid food of rice mixed with curds, butter and ghee whilst the child’s
father speaks a mantra asking that the foods will not cause sickness (Laroia
and Sharma 2006).

A survey of infant feeding practices in non-industrial populations reveals
that the first introduction of non-breastmilk liquids is often around the time
of birth, and rarely after the age of six months (Sellen 2001). The timing of
the introduction of solids is more varied, peaking at around six months but
occurring at any time from birth to early in the second year (Sellen 2001).
Comparison of the infant feeding practices of groups with agricultural, pas-
toralist, and hunter-gatherer economies reveals that the latter typically intro-
duce both liquids and solids earlier than the two former, but also continue to
breastfeed slightly longer (Sellen and Smay 2001). There is however a wide-
variation between groups with similar economies.

Perhaps unsurprisingly, populations with food-producing economies are
significantly more likely to use animal milks and crop-derived carbohydrate-
rich foods in supplementary feeding than hunter-gatherer populations (Sellen
and Smay 2001). The total range of foods used by agriculturalists, pastoral-
ists and hunter-gatherers is however similar. In many cultures the foods used
in supplementary feeding are specially sourced and produced. Amongst the
Kazakhs the fat from under a horse’s mane and over its sternum, and that
from a camel’s hump, are prized foods for infant feeding, as is ram’s tail
cooked in milk (Levine 1998). Amongst the Alaskan Yu’pik and Inupiat
premasticated fish livers and fish liver oils were traditionally given to in-
fants, as was a mixture of moose or caribou tallow and seal train oil known
as “baby agatuk” (Heller and Scott 1967). Weanlings of the Ache culture of
castern Paraguay meanwhile eat foods including armadillo fat and insect
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larvae (Konnor 2005). Weaning foods can thus be diverse, and whilst usually
derived from the same resources as the adult diet they rarely replicate it.

4.5 The End of Suckling

‘Tis since the earthquake now eleven years,
And she was weaned — I never shall forget it —,
Of all the days of the year, upon that day:
For I had then laid wormwood to my dug,
Sitting in the sun under the dove-house wall;

When it did taste wormwood on the nipple,
Of my dug and felt it bitter, pretty fool,
To see it tetchy and fall out with the dug!
The Nurse, Romeo and Juliet, Act I Scene III

Weaning is not just a biological transition, but a social and emotional one
too. In many cultures the end of breastfeeding marks the end of infancy and
the beginning of childhood, which may be characterised by greater inde-
pendence and interaction with carers other than the mother. The age at which
it is considered appropriate to wean a child varies dramatically within and
between cultures, and different ages may be considered appropriate for dif-
ferent individuals, as in ancient Rome where some physicians apparently
recommended that females be weaned six months later than males (Fildes
1986, pp. 26-36). The biblical example of Abraham “throwing a great feast”
on the day that his son Isaac was weaned (Genesis 21:8) shows that this tran-
sition was considered a socially important one, and was marked by cere-
mony. In pre-revolutionary Russia weaning would be marked with a ritual in
which a mother gave her child bread and salt over her shoulder whilst telling
the child not to “count on a tit”: the ritual marked the end of a worry-free life
(Gerbeda-Wilson and Powers 2012). A child returning to the breast was
greatly feared, since this was supposed to make a child stupid and meant that
the child had abandoned society. In Ukraine and Belarus children who re-
turned to the breast were even considered to possess the evil-eye (Gerbeda-
Wilson and Powers 2012).

The different beliefs about and attitudes to the cessation of breastfeeding
are well illustrated by the contrasting weaning practices employed by Bofi
foragers and farmers of central Africa (Fouts 2004, Fouts et al. 2005). The
Bofi farmers believe that allowing infants to breastfeed beyond the age of
two years makes them inactive and lazy. There are also practical considera-
tions, however, since once they are weaned mothers will no longer need to
carry their heavy toddlers with them to the fields and can instead leave them
in the village in the care of older siblings. Infants are thus coerced into ceas-
ing to suckle at some point between the ages of eighteen months and two
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years by invoking fear or disgust of the breast. Other examples of such tech-
niques are reported both historically (Fildes 1986, pp. 377-380) and ethno-
graphically (Shostak 1981, Fouts 2004). In the case of the Bofi farmers the
breast is made to appear wounded, by bandaging it and/or painting the nipple
with red nail varnish, and the wounded state of the breast is reinforced for
the infant by gentle teasing and taunting. Perhaps unsurprisingly the with-
drawal of nursing is associated with increased fretfulness and crying, and
during the week or so a child is considered to be “being weaned” it is given
special indulgences, such as a specially-prepared sweetened rice gruel that
their older siblings are prohibited from eating. Rice is recognised as a special
food, since it is not available locally and must be purchased in larger vil-
lages. For the Bofi farmers, therefore, the end of breastfeeding can be de-
scribed as a liminal stage during which the infant is afforded a special status
whilst they make the transition from infant to child.

The attitude of Bofi foragers to the cessation of breastfeeding differs
markedly to that of Bofi farmers, despite the fact that each group is aware of
the practices of the other. Bofi foragers believe that infants should decide for
themselves when to cease nursing, and infants are allowed to nurse at will
(although mothers may increasingly leave their children behind in camp for
periods of time as they get older, thereby reducing the opportunities for nurs-
ing). Bofi foragers believe that if a child is forced to stop breastfeeding it
will become sick and may die, and as a result they wean later and at a wider
variety of ages than the Bofi farmers. Infant-led weaning has been recorded
less frequently than coerced weaning, but has been reported for some other
hunting and foraging populations (Heller and Scott 1967, Bird-David 2008).
The majority of Bofi forager infants cease nursing during their mother’s next
pregnancy: mothers reported that their infants were put-off either by the
sight of their pregnant stomach and the movements of the unborn child, or
by a decline in the quality and taste of the milk produced during pregnancy.
In other populations infants continue nursing during and after their mother’s
pregnancies, however, so this deterrent to suckling is clearly not universal
(Jelliffe et al. 1961, Moscone and Moore 1993, Gerbeda-Wilson and Powers
2012). If a further pregnancy does not occur a child may continue to nurse
for many years.

For both forager and farmer children the end of weaning marks a social
transition, with both groups of children being less dependent on the mother
and spending more time in the company of other caregivers once weaning is
completed. The reduction of maternal care is associated with a drop in the
amount of time for which children are held by their mothers, however
amongst forager children some of the loss of maternal holding is compen-
sated for by being held more by fathers, grandmothers, and aunts, whereas
farmer children are rarely held at all once weaning is completed (Fouts 2004,
Fouts et al. 2005). For Bofi foragers therefore the end of weaning marks a
less abrupt change in the child’s social relations than it does for the farmers,
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and is unsurprisingly not associated with an increase in fussing and crying as
it is amongst the foragers (Fouts 2004, Fouts et al. 2005).

The end of weaning is thus a transition that can be child-led or forced by
the mother, that may occur at culturally prescribed ages or be more flexible
in its timing, may be associated with special foods and rituals, and may to a
greater or lesser degree be associated with a change in social status from
being an infant to being a child.
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5 Assessment of Weaning in Prehistoric
Populations

5.1 Inferential Approaches

Prior to the development of chemical techniques, assessment of the age at
weaning in prehistoric populations was only possible by inference from
skeletal indicators of childhood stress presumed to have arisen in response to
morbidity during the weaning process. Goodman and Armelagos (1989) for
instance attributed a reduction in the peak age of occurrence of enamel hy-
poplasia (a deficiency in the thickness of tooth enamel that occurs when
secretion of the enamel matrix is disrupted in response to physiological
stress (Goodman and Rose 1990)), to an earlier age of weaning in conjunc-
tion with increasing intensification of agriculture at the Dickson Mounds
Site, Illinois. These approaches are obviously limited, not least because there
are dozens of potential causes of enamel hypoplasia, not all of them resulting
from systemic disease (Cutress and Suckling 1982). There are many reasons
aside from weaning why children might be at increased risk of morbidity at
particular ages, such as changes in activity patterns and social interaction.
Furthermore, the morbidity risk associated with weaning depends on the
manner in which it is done, for instance the nutritional quality and sterility of
the non-breastmilk diet, and the pathogen risk of the environment in which it
takes place. The development of direct techniques for independently estab-
lishing the duration of breastfeeding has thus not only enabled the age at
weaning to be established with more accuracy, but also makes it possible to
draw inferences about the contribution of the weaning process to childhood
morbidity rates in different prehistoric contexts.

5.2 Biomolecular Approaches to the Study of Weaning

5.2.1 The Skeletal Tissues

All palaeodietary studies based on the analysis of the chemical composition
of preserved body tissues rely on the principle that “you are what you eat”;
the constituent atoms and molecules of the body tissues are derived from the
diet and their chemical composition is thus related to it. The tissues most
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commonly preserved in archaeological contexts and employed for the studies
in this thesis are bone and teeth. The bones and teeth form in different ways,
which means that the material within them is derived from the diet con-
sumed at different periods during an individual’s lifetime.

5.2.1.1 Bone

Bone is a composite material that consists of an organic matrix surrounded
by a mineral “packing” (ICRP 2002). The mineral component consists
mostly of a microcrystalline structurally-imperfect analogue of hydroxyapa-
tite, Ca;o(PO4)s(OH),, although other minerals such as carbonate are also
present (Lowenstam and Weiner 1989, pp. 151-152, Burton 2007). Some
85-90% of the organic matrix consists of type I collagen (Lowenstam and
Weiner 1989, pp. 152—153), which in total constitutes 22% of compact bone
by weight and 36% by volume (Collins ef al. 2002). The remainder of the
organic material is made up of non-collagenous proteins.

Bone is a metabolically active tissue that undergoes constant modelling
and remodelling (Robling et al. 2006). The rate of this process is faster in
trabecular (spongy) bone than in cortical (compact) bone (ICRP 2002), and
changes in response to a number of factors including activity levels, diet,
ethnicity, menopausal status, growth, the time of day and season of the year,
and in particular with age (Seibel 2005). Bone turnover declines with in-
creasing age, such that the cortical bone of adults contains material formed
many decades previously (ICRP 2002, Hedges et al. 2007). During adoles-
cence femoral cortical bone remodels at rates of 10-30% each year, and at a
much faster rate in males than females (Hedges er al. 2007). Remodelling
rates in earlier childhood are not well-studied, but estimates of around 300%
per year at birth have been given, falling to around 100% at the end of the
first year and 50% by age five (ICRP 1995).

Table 3: Growth rates of health human infants during the first five years of life.
Based on the 50" percentile in the WHO child growth standards (2006)

Age Height (% increase on  Weight (% increase on
previous year ) previous year)
Boys Girls Boys Girls

1 52 51 190 178

2 16 17 27 29

3 9 10 17 21

4 7 8 14 16

5 6 7 12 13
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In addition to remodelling, the bones of infants and children are growing
rapidly which means that the proportion of new material within them is in-
creased still further. Healthy infants increase their height by 50% and nearly
triple their birth weights during the course of the first year (Table 3, WHO
Multicentre Growth Reference Study Group 2006). Equilibration of bone
composition to dietary changes is thus very rapid in infancy, and gradually
declines as both growth and remodelling rates drop during childhood. At
death, the composition of an individual’s bone is hence dependent on the diet
over a period of months, years, or decades previously, depending on the age
of the individual.

5.2.1.2 Teeth

The teeth are composed of a dentine -
core, and the tooth crown has an enamel

coating (Fig. 5). The root of the tooth is  Epamel
coated with cementum, a calcified sub-

stance that helps support the tooth in its

socket. As with bone, dentine takes the

form of a mineralised organic mesh con-

sisting mostly of collagen and hydroxya-

patite (Mérten et al. 2010). Enamel on

the other hand is a heavily mineralised Dentine
crystalline structure that is almost devoid

of organic material once mature (Hillson Root
1996, pp. 148-149). Enamel and dentine

are both laid down in a series of angled

layers, beginning in the cusp of the Pulp Cavity

crown (Hillson 1996, pp. 118-125). -
Enamel protein matrix and predentine

then continue to be deposited in sequen-  Figure 5: The structure of a tooth,
tial layers until the tooth crown is com-  with a schematic illustration of the
plete, after which just predentine is se- Pattern of dentine layering.

creted in sharply angled layers to form the tooth root. The enamel matrix and
predentine then proceed to gradually mineralise, with the organic enamel
matrix being broken down in the process (Hillson 1996, pp. 148—197).

In contrast to bone the teeth are inert and do not remodel once formed,
with the exception of small amounts of secondary dentine deposited inside
the pulp chamber and reparative tertiary dentine. The chemical composition
of the dentine and enamel layers thus continues to reflect that of the diet at
the time they were deposited and mineralised. The formation of the decidu-
ous teeth begins in utero and ends around three years of age (Lunt and Law
1974), whereas that of the permanent teeth begins around the time of birth
and ends with the completion of the third permanent molar in late adoles-
cence or the early twenties (Moorrees et al. 1963, Smith 1991). An archive

Crown
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of the changing diet during childhood is thus retained within the mouths of
adult individuals.

5.2.2 Strontium:Calcium Ratios

In 1984 Sillen and Smith published the first study of ancient weaning prac-
tices based on the chemical composition of skeletal material. Their study
utilised the fact that the ratio of strontium (Sr) to calcium (Ca) is much lower
in milk than in other foods to track the introduction of supplementary foods
to the diet in a Middle-Eastern Byzantine population (Sillen and Smith
1984). Strontium substitutes for calcium in the skeleton, and the Sr:Ca ratio
of infant bones is thus expected to increase as non-milk supplementary foods
are introduced to the diet. Sillen and Smith (1984) observed an increase in
the Sr:Ca ratio of infant bones with increasing age, with a peak between
eighteen months and three years. This concurs with historical evidence that
weaning was usually completed between two and three years (1984).

Despite being the longest established method, concerns over diagenesis
mean that Sr:Ca ratios have only infrequently been used in the study of the
prehistoric infant diet (Hithne-Osterloh and Grupe 1989, Katzenberg et al.
1996, Schurr 1998, Mays 2003). The porous nature of bone means that min-
eral exchange with the soil can easily occur (Burton 2007), and stable iso-
tope analysis of the more diagenesis-resistant bone collagen has been pre-
ferred instead. Nevertheless, Mays has argued that where diagenesis can be
shown to be minimal, Sr:Ca ratios may be a useful complement to stable
isotope techniques because of their ability to identify the introduction of
low-protein supplementary foods to the diet, rather than the removal of
breastmilk protein as is tracked by nitrogen stable isotopes (2003).

Most recently, micro-analytical approaches have been used to analyse the
changing Sr:Ca ratios of successively deposited layers of tooth enamel in
single individuals. Enamel is extremely resistant to diagenesis, owing to a
dense crystalline structure that is almost devoid of the pores and organic
material that leave bone mineral vulnerable to contamination (Burton 2007).
By using laser ablation techniques it has thus been possible to analyse the
Sr:Ca ratio at dozens of points along single tooth crowns, and thereby to
trace the onset of nursing after birth and the weaning process in single indi-
viduals (Humphrey et al. 2008a, Humphrey et al. 2008b). There are however
probably limits to the time resolution that can be achieved with such meth-
ods, owing to the gradual maturation of tooth enamel (Balasse 2003, Passey
et al. 2005, Lee-Thorp 2008).

5.2.3 Stable Isotope Ratios as Palaeodietary Indicators

Isotopes are atoms of an element that differ from one another in the number
of neutrons in the atom nucleus. Some isotopes, such as Carbon-14, are un-
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stable and subject to radioactive decay; others however are stable, meaning
that the ratio of one stable isotope to another remains constant over time.
The different isotopes of an element have more or less identical chemical
properties, however the mass difference means that they have different ki-
netic properties and so participate in reactions at different rates. The prod-
ucts of a reaction, provided it does not go to completion, are thus likely to
have different ratios of one stable isotope to another than the reactants, a
process termed fractionation. Physical processes such as evaporation can
also cause isotope fractionation, with the vapour typically being isotopically
lighter than the remaining liquid. The ratio of one stable isotope to another is
measured to the nearest thousand and reported using the delta notation ac-
cording to the formula:

X7 (Rsample'Rstandard> 1000

. . Rstandard . . . .
where Z is the element in question, R the ratio of the heavier to lighter iso-

tope, and x the atomic mass of the heavier isotope being analysed.

5.2.3.1 Nitrogen

Nitrogen has two stable isotopes, '*N and "°’N. The origin of all dietary nitro-
gen is ultimately atmospheric N, which has a uniform abundance of "N and
so is used as the standard against which nitrogen isotope ratios are measured
(Ehleringer and Rundel 1989). Nitrogen primarily enters the food web when
bacteria living freely in the soil or in symbiosis with plants fix atmospheric
nitrogen (N,) into compounds that can be taken up by plants (Dawson et al.
2002). Subsequent denitrification processes usually result in soil and plant
>N values that are higher than that of atmospheric N,, however plants that
are able to access atmospheric N, through symbioses with N,-fixing bacteria
have "N nearer to 0  (Peterson and Fry 1987, Ehleringer and Rundel
1989, Ambrose 1991).
Nitrogen in the animal diet is almost exclusively in the form of protein and
its constituent amino acids (Schoeller 1999). Nitrogen stable isotope analysis
of skeletal tissues must, therefore, be conducted on the collagenous proteins
in bone and dentine rather than the mineral. Animals preferentially excrete
the lighter isotope of nitrogen, '*N, via urea (Steele and Daniel 1978,
Deschner et al. 2012), and as a result the "N of an animal’s body and its
milk is enriched in N relative to its diet (Jenkins e al. 2001, Cheng et al.
2011). The "N of animal body tissues thus increases with each level of the
food chain (DeNiro and Epstein 1981, Minagawa and Wada 1984,
Schoeninger and DeNiro 1984). The magnitude of this increase is often cited
as being around +3-4  (Sealy 2001, Katzenberg 2008), however it is varia-
ble and differs both within and between species for reasons that are poorly
understood (McCutchan et al. 2003, Hedges and Reynard 2007, Caut ef al.
2009). Recent empirical evidence suggests that for humans the fractionation
between diet and collagen may be as high as +6  (O’Connell ef al. 2012).
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Causes of within-species variation include growth (Lidén and Angerbjom
1999, Warinner and Tuross 2010), pregnancy (Fuller et al. 2004), disease
(Katzenberg and Lovell 1999, Loudon et al. 2007), water stress (Ambrose
1991), nutritional stress (Hobson and Clark 1992), and dietary protein intake
(Sponheimer et al. 2003, Robbins et al. 2005).

In 1989 the first study of infant feeding practices using nitrogen stable
isotope ratios was published (Fogel et al. 1989). At birth the 15N of infant
body tissues is slightly higher (c.1 ) than that of maternal tissues (De Luca
et al. 2012). Since maternal milk is enriched in 15N compared to the mater-
nal diet the "N of new infant tissues formed after the onset of breastfeeding
will be a trophic level higher than that of the mother’s tissues (Fogel et al.
1989, Fuller et al. 2006a). The limited modern data available suggest that the
tissues of exclusively breastfeeding infants are around 2.5  higher than the
equivalent tissues in the mother (Fogel er al. 1989, Hobson et al. 2000,
Fuller et al. 2006a). Once weaning is initiated and sources of non-breastmilk
protein are introduced to the diet the "N of infant tissues will begin to fall,
until breastfeeding ceases and the infant is consuming the post-weaning diet

(Fig. 6).

5.2.3.2 Carbon

The two main systematic differences in the carbon stable isotope composi-
tion of the food web are between marine and terrestrial food chains and be-
tween Cs- and C4-photosynthesising plants. The C4 (Hatch-Slack) photosyn-
thesis pathway, which is used by some drought-adapted grasses, discrimi-
nates less against °C than the more common C; pathway (Smith and Epstein
1971, Peterson and Fry 1987). The '"C of C4 photosynthesising plants is
thus higher than that of C; photosynthesising plants. The very first use of
stable isotopes in palaeodietary studies was to track the introduction of a C,
photosynthesising crop, maize, into the temperate C; environment of north-
east America (Vogel and van der Merwe 1977). The second major difference
in the "C of the biosphere, that between marine and terrestrial food webs,
was first utilised in palacodietary studies by Tauber (1981) to demonstrate
the apparent abandonment of marine-based dietary resources after the intro-
duction of agriculture in Denmark. The difference between marine and ter-
restrial "’C arises because marine plants derive most of their carbon from
dissolved bicarbonate, which has a higher "C than atmospheric CO,, and
marine food webs thus also have higher "C than terrestrial C; food webs
(Smith and Epstein 1971).
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Figure 6: Patterns of change in 5N (top) and 6"°C (bottom) with breastfeeding and
weaning in a modern mother infant pair. Redrawn from data in Fuller et al. 2006a.
The samples are taken from fingernails, which take around 2-3 months to grow out
from cuticle to tip in infants, and 4-6 months in adults. Note that 5" C drops rapidly
when supplementary foods are introduced, whereas 5"°N drops much more gradual-
ly. The decline in " C below the maternal value reflects the fact that the weaning
diet (which was largely based on cereal products) differed to the maternal diet.

In contrast to nitrogen, carbon is found in all dietary fractions. The analy-
sis of carbon stable isotope ratios can thus be conducted on both collagen
and apatite, although the latter is less often used due to concerns that it is
vulnerable to diagenesis. The carbon in collagen is preferentially routed from
dietary protein, especially under high-protein diets (Ambrose and Norr 1993,
Howland et al. 2003, Jim et al. 2004, 2006), whereas that in apatite is more
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equally derived from all parts of the diet. The 'C of collagen is thus mostly
a reflection of the source of dietary protein intake, whereas that of apatite
also reflects carbohydrate and lipid intake.

Carbon stable isotopes also display slight trophic level increases of
around 1-1.5, which have been observed between mothers and infants in
one modern study of nursing infants (Fuller et al. 2006a). Since collagen

1C is at least to some extent influenced by dietary carbohydrate and lipid
intake as well as protein, the "*C of infant tissues is more sensitive to the
introduction of low-protein supplementary foods to the diet at the start of
weaning than "N is (Fig. 6). Carbon isotopes can also identify specialised
weaning foods that are derived from different dietary sources to the maternal
diet (Wright and Schwarcz 1999, Dupras et al. 2001, Williams et al. 2005,
Clayton et al. 2006, Keenleyside et al. 2009, Choy et al. 2010).

5.2.3.3 Oxygen

Oxygen stable isotopes are mostly used as indications of migration and cli-
mate rather than diet, however they have also occasionally been employed in
the study of infant feeding (Dupras and Tocheri, 2007; Turner et al., 2007,
Williams et al., 2005; Wright and Schwarcz, 1998, 1999). Water containing
the light isotope of oxygen, H,'°O, is preferentially lost through expiration,
and the body water pool from which milk is formed thus has a higher '*O
than water imbibed (Wright and Schwarcz 1998). The 'O of breastfeeding
infants is therefore higher than that of their mothers. Whereas nitrogen stable
isotope ratios track the changing protein composition of the diet and carbon
the change in food sources, oxygen stable isotope ratios are indicative of the
introduction of non-milk water sources to the diet.

5.2.4 Approaches to the Study of Infant Feeding

The majority of stable isotopic studies of infant feeding have been based on
the analysis of bone collagen from infants who died at different ages, and
comparing the results to those from adult female bone collagen from the
same site. This technique can give an impression of infant feeding norms
within a population. There are a number of caveats and limitations to this
approach, however. It requires that there is a reasonably strong cultural norm
as to the duration and intensity of breastfeeding and a relatively homogenous
adult female diet, since otherwise it can be impossible to discern the breast-
feeding status of infants. Similarly, if the isotopic composition of supple-
mentary foods or the post-weaning diet is different to that of the adult female
diet, infants may appear as if they have ceased breastfeeding when they are
in fact consuming a mixture of low-trophic level supplementary foods and
breastmilk, or conversely as if they are still breastfeeding when they are in
fact completely weaned and consuming a high trophic level post-weaning
diet.
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The gradual slowing of both growth and turnover means that the later in
life dietary transitions take place the longer it takes for them to be reflected
in the isotope composition of the bone. The lack of exact values for the rates
of bone turnover and growth at different ages means that precise timings of
infant dietary transitions cannot be established. Similarly, natural variations
in growth and development rates mean that there is an inherent margin of
error in assigning an age-at-death to skeletal individuals, one that increases
with age and is greater when skeletal preservation is poor (Scheuer and
Black 2000, pp. 4-17).

A further problem with studies based solely on bone collagen is that it
means that the determination of the timing and mode of weaning is con-
ducted on individuals who did not survive the process. It is thus possible that
these individuals will not be representative of the usual infant feeding prac-
tices of a population.

An innovative approach taken recently to avoid the problem of intra-
population variation in the infant and adult diet at different ages has been to
use intra-longbone sampling (Waters-Rist et al. 2011). Long-bone growth
takes place at the metaphyses, and as result the metaphyses of a bone contain
more newly-formed material than the diaphysis. By comparing the stable
isotope ratios of samples taken from the bone metaphyses to that from the
diaphysis, Waters-Rist and colleagues have thus been able to gain an impres-
sion of the weaning status of single individuals from Neolithic hunter-fisher-
gatherer groups from Siberia (2011).

A more common method of studying weaning at the individual level has
been to analyse tooth dentine or enamel that formed at different ages during
the lifetime of the same individual. Although there is still some variation in
the timing of dental development between individuals, the inert nature of
teeth means that imprecision about the duration of turnover is avoided. Since
the teeth do not remodel this technique also makes it possible to study the
infant diets of individuals who survived the weaning process.

Some researchers have conducted tooth-based analyses using whole tooth
crowns from teeth that formed at different ages (Wright and Schwarcz 1999,
Lidén et al. 2003, Dupras and Tocheri 2007), whereas others have analysed
material that formed at different ages in the same tooth (Balasse 2002, Fuller
et al. 2003, Rountrey et al. 2007, Eerkens et al. 2011). Improvements in the
analytical capabilities of instrumentation mean that sample sizes have got
ever smaller, and the recent study by Eerkens and colleagues (2011) demon-
strated that it is possible to get up to ten spatially-discrete samples from a
single permanent molar tooth. Although these samples are not chronologi-
cally discrete in terms of the timing of their formation, this analysis never-
theless allows for high-resolution studies of the changing infant and juvenile
diet.
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5.3 A Note About Representativity

A problem common to all analyses of skeletal assemblages is that of repre-
sentation: skeletal assemblages are by definition not random samples of the
living population, but rather have been selected by death. The two-year-olds
in a skeletal assemblage, for example, are not a random sample of all two-
year-olds in the living population, but only those that died at the age of two.
This means that even if a sample is perfectly representative of all individuals
in a population who died, it will still not be perfectly representative of all
individuals who lived, but rather biased towards those who were at the great-
est risk of dying at any particular age (Wood et al. 1992). Given that poor
infant feeding practices increase the risk of death, information about infant
feeding practices derived from skeletal remains will be biased towards those
practices that were less successful. Furthermore, infants who were at greater
risk of dying may have been fed differently, for instance sick children may
be breastfed for longer than their healthy peers. As mentioned in the previ-
ous section, this problem is negated to a large extent by the use of dentine
samples to study infant feeding practices in individuals who survived the
process. Nevertheless, some bias may still remain since even amongst chil-
dren who survived breastfeeding and weaning, those who received the best
nutrition during infancy are liable to have been less frail and thus less likely
to succumb to illness and death during later childhood.

There are also many reasons why the subadult individuals in a skeletal as-
semblage may not be truly representative of even the dead population.
Subadult individuals are often underrepresented in the archaeological record,
partly for taphonomic reasons and partly because they may be treated differ-
ently in death to adult individuals (Lewis 2007, pp. 20-37). Subadult bone is
less mineralised and more porous than adult bone, and is thus more vulner-
able to taphonomic processes in the burial environment (Guy et al. 1997).
Furthermore, the small size and unfamiliarity with subadult skeletal elements
means that subadult skeletal material is more likely to be missed by inexpe-
rienced excavators, particularly when poorly preserved (Lewis 2007, pp. 20—
37). Whilst these problems reduce sample sizes, they should not lead to bias
in the results of studies of the infant diet, since taphononic processes will
affect skeletal material equally, regardless of how infants were fed. Social
factors leading to differential treatment of individuals in death may however
bias the results. The burial of subadult individuals outside of the usual adult
burial grounds, or in separate areas of a graveyard, has been reported for a
number of archaeological populations (Lewis 2007, pp. 20-37), and age,
along with vertical and horizontal social position, has been found to be one
of the most common determinants of mortuary practices reported in ethno-
graphic literature (Carr 1995). As detailed in Chapter 4, the introduction of
non-breastmilk foods and the completion of weaning may both be regarded
as rites of passage in a society that mark the transition from one age class to
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another. It is plausible, therefore, that infant remains in a cemetery may be
biased towards those who have already reached these milestones. Further-
more, since infant feeding practices may correlate with social class, differen-
tial treatment of different social classes in death may lead to a biased or in-
complete impression of the infant feeding practices of a population.

A final point concerns not the infants but the mothers: since it is rarely
possible to identify mother-infant pairs, it is necessary to assume that the
adult females in a population will be representative of nursing mothers. This
may not be the case, however, since female diet may differ between repro-
ductive and non-reproductive females, or between nursing and non-nursing
females. The gradual turnover of adult bone means that this latter difference
may be masked in the isotope data. Furthermore, as detailed in Chapter 4 it
is not unusual for infants to be breastfed by women other than their mothers,
and where infants were regularly breastfed by women outside of their com-
munities, due to wet-nursing or fosterage arrangements, the diets of the nurs-
ing females may have differed substantially from those of females in the
cemetery in which an infant was buried.

5.4 The Methods Used in this Study.

In the studies in this thesis a mixture of bone and dentine samples were used.
This meant that samples were taken both from those who survived infancy,
and those who died during it. One sample was taken from each tooth: for the
permanent teeth samples were taken from the cervix of the tooth just beneath
the tooth crown (Fig. 7), whereas the smaller size of deciduous teeth meant
that for these it was also necessary to sample dentine from within the tooth
crown. The sample formation times were estimated from information on
tooth formation in Lunt and Law (1974) and Smith (1991). The deciduous
tooth samples represent average diet over a period of some months to a year,
whereas those from the permanent teeth represent diet over a period of
around two years. For the permanent teeth the age at the end of formation
was taken to be the time at which the tooth root was 25% complete, it should
be noted that this is likely to be something of an over-estimation of the
amount of dentine sampled. The time resolution of the samples is thus rather
sharper than approaches in which the whole tooth crown is sampled.

By sampling the deciduous and permanent first and second molars plus
the bone of individuals it was, where preservation permitted, possible to
obtain four or even five samples representing diet at different points during a
single individual’s life. This sampling strategy is not as high-resolution as
the micro-sampling approach of Eerkens and colleagues (2011), however it
has the advantage that it is much less destructive to the skeletal material.
Whereas the micro-sampling approach involves the destruction of the entire
dentine portion of the tooth, the approach used here usually leaves the mor-
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phological structure of the tooth intact. This leaves the dentition available for
future research: an important consideration given the unique and non-
renewable nature of archaeological material.

Sarﬁpﬁe §iEe

Figure 7: Diagram of a molar showing the site at which samples were taken from
the permanent dentition
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6 Results and Discussion: Neolithic
Contributions to the Infant Diet

Three of the papers in this thesis report the results of stable isotopic studies
of the infant feeding practices of prehistoric populations, and a fourth con-
tains data pertaining to the infant diet (Figs. 8, & 9). Two of those papers, |
and III, discuss the infant feeding practices of populations living on islands
in the Baltic, but in different time periods (Neolithic vs. Iron Age) and with
different economies (Hunter-Gatherer vs. Agricultural). The second (II) dis-
cusses the infant feeding practices of Neolithic and early Bronze Age com-
munities with agricultural economies from Little Poland. In addition, the
fourth paper (IV) also includes some data pertaining to the infant feeding
practices of early Bronze Age individuals from the Wroctaw region of Po-
land.

What all of these papers have in common is that they reveal variation in
the way infants were fed, both within populations and between them (Fig.
10). The norm amongst Pitted Ware Culture hunter-gatherers living on the
Baltic island of Gotland during the third millennium BC appears to have
been to breastfeed infants into the third year of life. Supplementary feeding
practices were more variable, however, and this is interpreted as probably
being due to the seasonal nature of the diet at Ajvide. Comparison to other
Pitted Ware Culture sites suggests that the broadly marine-based diet of the
Pitted Ware Culture was adapted in different locations to suit either the local
ecology or local traditions, and the data available suggests that this adapta-
bility extended to the supplementary feeding of infants.

During the third millennium BC in the Little Poland region various farm-
ing communities were employing a diverse range of infant feeding practices.
The data set is very diverse, reflecting a number of sites and different ar-
chaeological culture groups, and each site is represented by just a small
number of individuals. It is thus difficult to draw definitive conclusions as to
whether the differences in infant feeding practices observed between the
sites and culture groups are representative of broader differences in practice,
or are just artefacts of the small sample sizes. Nonetheless, it is apparent that
in most cases breastmilk intake dropped more sharply between the first and
second halves of the first year of life than it did at Ajvide. The exceptions to
this are the infants buried at the sites of Koszyce and Kichary Nowe, where
weaning appears to have been a moregradual process. At Koszyce it was also
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observed that the diets of males and females differed from early in child-
hood. The finding that some of the Corded Ware individuals were more or
less completely weaned by the age of six months is surprising, and deserves
further investigation through the analysis of further Corded Ware Culture
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Figure 8: Locations of the regions (large markers) and sites (small markers) exam-
ined in Papers I-1V
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Figure 9: The time periods analysed by the papers in this thesis

Paper 1V is primarily a comparison of the diets of children and adults in
the early Bronze Age Unétice Culture in south-west Poland. For the vast
majority of individuals diet changed very little during the lifetime, suggest-
ing that eventual adult status was decided early in life and supporting the
idea it may have been inherited. Information about the infant diet was also
obtained from a small number of individuals, who all show different patterns
of weaning. One shows a sharp drop in breastmilk intake between the first
and second halves of the first year of life that is reminiscent of those com-
mon amongst the Corded Ware and Bell Beaker individuals in Paper IL. In
later childhood this individual seems to have consumed a diet very low in
animal protein. Another individual was probably breastfed much less during
the first six months of life, and was gradually weaned thereafter. A final
individual was either breastfeeding more in both the first and fourth years of
life, or was suckled by a woman who consumed more animal protein than
the women who nursed the previous two individuals.

The data from the early Iron Age site of Bjdrby on the Baltic island of
Oland are in stark contrast to the previous three studies. Five individuals
show evidence of having been breastfed during the first year of life. Two of
these show a further drop in breastmilk consumption between the end of the
first year and early in the fourth, suggesting that weaning occurred during
the second year of life. Another individual appears to have been breastfed to
a very similar pattern during the first year of life, but there is no data from
later ages to assess the age at the end of breastfeeding. The drop in breast-
milk intake between the first and second halves of the first year of life is not
as great as it typically is in the previous studies, and with a total difference in

PN of just 2% it seems unlikely that these individuals were exclusively
breastfed during the first six months. A fourth individual to show some evi-
dence of having been breastfed was either consuming a similar quantity of
breastmilk in the fourth year of life as the first, or more likely was weaned
onto a very high trophic level diet similar to that consumed by an adult male
in the population. The fifth individual is interpreted as having been weaned
very rapidly towards the end of the first year of life.

Of the remaining three individuals for which there is intra-individual data,
none shows any evidence of having been breastfed. Despite this, they sur-
vived until 3-7 years of age. This suggests that artificial feeding was rela-
tively common in the community using the cemetery at Bjarby. With the
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exception of one individual with an outlying marine-based diet there is no
intra-individual data from the late Iron Age site of Triberga in the north of
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Figure 10: Comparison of the nitrogen isotope data pertaining to the diet prior to
six years of age from Papers I-1V. Solid lines connect data points from the same

individuals.

Oland, however the bone data are similarly dispersed to that from Bjirby.
This implies that there was a similar diversity in breastfeeding practices to
that at Bjérby, and that artificial feeding was being employed at Triberga
too. Dating back until at least the fifteenth century there were regions of
Europe, including parts of Sweden, in which breastfeeding was not the norm
(Fildes 1986, p. 264). The data from this study thus suggest that the origins
of the tradition of feeding infants artificially in these regions may be many
centuries older.
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6.1 The Results in Broader Context

Although infant feeding practices were found to differ between all of the
populations analysed, the greatest difference was not between populations
with hunter-gatherer and farming economies, nor between different geo-
graphic regions, but between the Olandic Iron Age populations and every-
where else. How does this compare to broader evidence for prehistoric infant
feeding practices? Stable isotopic studies of the infant diet have flourished
over the past decade, and there is now a substantial body of literature de-
scribing the infant diet at different points over the past ten thousand years.
The findings of these studies are summarised in Table 4. This table is neces-
sarily somewhat crude and disguises a lot of variation: as with the papers in
this thesis a number of studies have found that infant feeding practices were
not homogenous. A number of the estimations were also based on very small
numbers of infant individuals. Nevertheless the table gives an idea of how
infant feeding practices varied between different times, places, and economic
systems. Weaning has most commonly been found to be completed during
the third year of life, which concurs with evidence for weaning practices in
the ethnographic literature (Sellen 2001, Sellen and Smay 2001). There is
also a wide range of variation, again reflecting the ethnographic data, with
weaning being completed anywhere from the first year of life to around five
years of age.

There have still only been a few isotopic studies of the weaning practices
of hunter-gatherer populations, and the findings from these are often based
on few individuals. Furthermore, many of the cases reported are from the
same geographic regions, and might therefore have shared cultural practices.
From the data that there is, however, it appears that the modal age at the end
of weaning was later in prehistoric hunter-gatherer populations than it was in
those with agricultural economies, and that post-medieval populations
weaned earliest of all (Fig. 10). Comparison of the historic agricultural popu-
lations to the prehistoric ones found that the modal age at the completion of
weaning was three years in both cases; however the prehistoric agricultural
populations were more likely than the historic ones were to breastfeed for
longer than this. Although the modal duration of breastfeeding was observed
to be shorter in agricultural than in hunter-gatherer populations, the overall
range of ages reported was similar. Unsurprisingly therefore, economy alone
does not appear to be a sufficient explanation for the duration of breastfeed-
ing in a population. Further research into the infant feeding practices of pre-
historic hunter-gatherers is needed to support or refute this finding.
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Table 4: The timing of weaning in archaeological populations, as reported in stable isotope studies

Location Site(s) Time Period Introduction of Cessation of Method of Material Notes Reference
supplementary  breastfeed-  Analysis analysed
foods ing
Hunter-Gatherer Economies

Sweden Ajvide Middle Neo- <6mths 3-4yrs 5N/ 8¢ Bone and Paper |

lithic c.2750- dentine colla-

2250 BC gen
Belgium Meuse Basin Mesolithic, <2yrs 5N/ 8¢ Bone collagen 3 data points, all (Bocherens et al.

9300 -8000 BC over three years 2007)
Siberia, Lokomotiv & Early Neolithic, 2-3yrs 3.5-4yrs 5N/ 8¢ Bone collagen Intra-longbone (Waters-Rist et
Russia Shamanka Il 8800- analysis al. 2011)

7000/6800 BP
Siberia, Ust'-Ida | Late Neolithic, <lyr 3yrs 5N/ 8¢ Bone collagen Intra-longbone (Waters-Rist et
Russia 7000/6800 — analysis al. 2011)

5200 BP Only one individ-

ual under 2 years
South Africa Matjes River Mid-Holocene, 6mths-2yrs? Ayrs 5N/ 8¢ Bone & dentine (Clayton et al.
Rock Shelter 7500-2000 BP collagen 2006)
Lower Ohio Indian Knoll Late Archaic, 0.5-1yr Syrs 5N/ 8¢ Bone collagen (Schurr and
Valley, US 3500-1000BC Powell 2005)
Lower Ohio Carlston Annis Late Archaic 2yrs Syrs 5N/ 8¢ Bone collagen (Schurr and
Valley, US 3500-1000BC Powell 2005)
California, US  Yukisma Ancestral 1.5-2yrs 3-3.5yrs 5N/ 8¢ Bone collagen (Gardner et al.
Mound Ohlone, 2200- 2011)

250 BP

California, US Marsh Creek 4300-3100 BP 3.6yrs 615N/ 8¢ Dentine colla- (Eerkens et al.

gen

2011)
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Location Site(s) Time Period Introduction of Cessation of Method of Material Notes Reference
supplementary  breastfeed-  Analysis analysed
foods ing
Tennessee Cherry, Eva, 5500-2000 BC 18-20mths c.2yrs? 5°N Bone collagen (Fogel et al.
Valley, US and Ledbetter 1989)
Agricultural Economies
UK Wetwang Slack  Iron Age, 4" — “Early” <2.5 5N/ 8¢ Bone collagen (Jay et al. 2008)
2" centuries BC
UK Multiple, Late Iron Age, <3yrs 5N/ 8¢ Bone collagen 4 individuals <2yrs  (Redfern et al.
Dorchester 1 century BC — 2012)
region 1% century AD
UK Multiple, Romano-British, <2yrs? 615N/ 8¢ Bone collagen Just 2 individuals (Redfern et al.
Dorchester mid-1"-4" <2yrs 2012)
region century AD
UK Queenford Late/Sub- <1yr? 3-4yrs 5N/ 8¢ Bone collagen Few Individuals (Fuller et al.
Farm Roman, 4™-6" <18mths 2006b)
centuries AD
Orkney, UK Newark Bay Iron Age, Vi- 1.25+yrs 5N/ 8¢ Bone collagen (Richards et al.
king, Late 2006)
Medieval, 500
bp -1200 bp
UK Raunds Furnells  Anglo-Saxon, 1.75yrs 3yrs 5N/ 8¢ Bone collagen Haydock et al.,
AD 978-1040 accepted manu-
script
UK Wharram Percy  Medieval, 10"- 1.5-2yrs 8N/ 82, Bone & dentine (Richards et al.
16" Centuries Sr/Ca collagen, Bone 2002, Fuller et

AD

bioapatite

al. 2003, Mays
2003)
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Location Site(s) Time Period Introduction of Cessation of Method of Material Notes Reference
supplementary  breastfeed-  Analysis analysed
foods ing
Sweden Bjarby Older Roman 0-6mths 1-4yrs+? 5N/ 8¢ Bone & dentine  Very variable end Paper Il
Iron Age, 1%-2™ collagen of weaning, lack
centuries AD of samples repre-
senting 1-3yrs
Sweden Triberga Younger Iron 0-6mths 18mths? 5N/ 8¢ Bone & dentine Paper Il
Age, 6-11" collagen
centuries AD
Poland Koszyce Globular Am- c.6mths c.3yrs 5N/ 8¢ Bone & dentine  Only 3 individuals,  Paper Il
phorae, first collagen one weaned by
half 3 M BC 18mths
Poland Multiple Corded Ware, <6mths 6mths(?) 5N/ 8¢ Bone and Paper II
€.2750-c.2350 dentine colla-
BC gen
Poland Petczyska ¢.2400- c.bmths c.3yrs 5N/ 8¢ Bone and Only one individ- Paper Il
¢.2200BC dentine colla- ual older than 2yrs
gen
Poland Kichary Nowe Mierzanowice, c.6mths 3-5yrs 5N/ 8¢ Bone and Some infants Paper II
2200-1700 BC dentine colla- weaned earlier
gen
Poland Multiple Unétice, c.bmths <3yrs 5N/ 8¢ Bone and Few individuals, Paper IV
2100-1600 BC dentine colla- none aged 1-3
gen years
Germany Wenigumstadt Medieval AD 1yr 3yrs 5N Bone collagen (Dittmann and
500-700 Grupe 2000)
Germany Espenfeld 10™-12" centu- 2+ yrs Sr/Ca Bone bioapatite  Use of animal (Grupe and Bach

ries AD

milks?

1993)
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Location Site(s) Time Period Introduction of Cessation of Method of Material Notes Reference
supplementary  breastfeed-  Analysis analysed
foods ing

Germany Schleswig Medieval 11"- c.6mths <2yrs Sr/Ca Bone bioapatite  Animal milk prior (Huhne-Osterloh
12" Centuries to 6mths? and Grupe 1989)
AD

Belgium Meuse Basin Middle Neo- <2yrs 5N/ 8¢ Bone collagen (Bocherens et al.
lithic, 4300- 2007)
3000BC

Belgium Meuse Basin Late Neolithic, <2.5-3yrs 5N/ 8¢ Bone collagen (Bocherens et al.
3300-1700 BC 2007)

Italy Isola Sacra Roman 1%-3" <lyr 2-2.5yrs 5N/ 8¢ Bone collagen (Prowse et al.
Century AD 2008)

Crete, Greece  Kastella Byzantine, 11" 2+yrs 5N/ 8¢ Bone collagen Just 2 individuals (Bourbou and
Century AD <2yrs Richards 2007)

Israel Dor AD 800-1300 2-3yrs Sr/Ca Bone bioapatite (Sillen and Smith

1984)

Turkey Cayoni Tepesi Aceramic- 2yrs 3.5yrs 8N Bone collagen (Pearson et al.
Ceramic Neo- 2010)
lithic, ¢.8500—

6000 BC)

Turkey Asikli Hoyuk Aceramic lyr 2yrs 5N Bone collagen (Pearson et al.
Neolithic, 2010)
¢.8500-¢.4500
BC

Turkey Catalhoyuk Early Neolithic, <1.5yrs 5N/ 8¢ Bone collagen (Richards et al.
8300-7400 BP 2003a)

Egypt Kellis 2, Dak- Roman Egypt c. 6mths+ 3yrs 5N/ 8¢/ Bone & dentine (Dupras et al.

hleh Oasis AD 250 50 collagen, 2001, Dupras

enamel carbon-
ate

and Tocheri
2007)
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Location Site(s) Time Period Introduction of Cessation of Method of Material Notes Reference
supplementary  breastfeed-  Analysis analysed
foods ing
Tunisia Leptiminus Roman 3™-4™ <2yrs 3yrs 5N/ 8¢ Bone collagen (Keenleyside et
Centuries AD al. 2009)
Wadi Halfa, 5 cemeteries, Meroitic, X- <6yrs 5N/ 8¢ Bone collagen (White and
Sudan Banks of Nile group, Christian and muscle Schwarcz 1994)
350 BC-AD 1400
Sudanese Kulubnarti Medieval, 3-4yrs &8N/ 8%c/ Bone collagen (Turner et al.
Nubia AD 550-800 8% 2007)
South Korea Yeanri Iron Age (Gaya), c.2yrs c.4yrs 5N/ 8¢ Bone collagen (Choy et al.
AD 300-600 2010)
Guatamala Kaminaljuyu Prehispanic 1-2yrs 4-5yrs 5N/ 8¢/ Dentine colla- (Wright and
5%0 gen & enamel Schwarcz 1998,
carbonate 1999)
Belize Marco Gon- Postclassic 2+yrs 615N/ 613C/ Bone collagen & (Williams et al.
zalez Maya, 100 BC- 80 bioapatite 2005)
AD 1350
Belize San Pedro Postclassic 2+yrs 8N/ 6%¢/ Bone collagen & (Williams et al.
Maya, AD 1450- 50 bioapatite 2005)
1650
Lower Ohio Tinsley Hill Mississippian, 0.5-1yr Syrs 5N/ 8¢ Bone collagen (Schurr and
Valley, US AD1300-1450 Powell 2005)
Lower Ohio Angel Mississippian, 2yrs Syrs 5N/ 8¢ Bone collagen Higher age than (Schurr and
Valley, US AD1300-1450 Schurr 1997 due Powell 2005)
to increased
sample size.
South Da- Sully Protohistoric, 18-20mths . 2yrs? 8N Bone collagen (Fogel et al
kota, US A.D. 1650-1700 1989)
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Location Site(s) Time Period Introduction of Cessation of Method of Material Notes Reference
supplementary  breastfeed-  Analysis analysed
foods ing
Ontario, MacPherson Protohistoric, 2-3yrs? 5N/ 8¢ Bone collagen (Katzenberg et
Canada AD 1530-1580 al. 1993)
Post-Medieval
UK Spitalfields AD 1760- 1844 <1.25yrs 5N/ 8¢ Bone collagen (Nitsch et al.
2011)
UK Lukin Street AD 1845-1852 c.lyr (?) c.2yrs 5N/ 8¢ Bone collagen (Beaumont et al.
2013)
Ontario, Prospect Hill AD 1824-1879 1yr 1yr? 5N/ 8"C Bone collagen (Katzenberg and
Canada Methodist Pfeiffer 1995)
Cemetery,
Newmarket
Ontario, St Thomas', AD 1821-1874 <5mths 14mths &N Bone collagen (Herring et al.
Canada Belleville 1998)
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In the vast majority of cases weaning in agricultural populations was com-
pleted between the ages of eighteen months and two years. With the excep-
tion of the Corded Ware individuals from Little Poland, there are no cases in
which weaning was completed prior to the age of one year, and only two in
which it is thought to have been completed prior to the age of eighteen
months. This is in stark contrast to the few post-medieval sites that have
been studied with regards to weaning age. In all four of these weaning is
reported to have been completed by two years of age, and in three during the
first few months of the second year. The four post-medieval sites to have
been analysed consist of two London cemeteries dating to the eighteenth and
nineteenth century, and two nineteenth century cemeteries from Ontario. It is
perhaps not surprising that the individuals buried in these cemeteries used
similar infant feeding practices, given the shared cultural history of the
populations in Canada and the United Kingdom. Nevertheless, it has been
noted elsewhere that breastfeeding duration in the British Isles appears to
have decreased with increasing levels of urbanisation (Haydock et al. in
press), and the question of whether urbanisation and/or industrialisation are
associated with reduced breastfeeding duration on a global scale is worthy of
further investigation.

Not all of the studies give an estimate of the timing of the introduction of
supplementary foods, but where given these estimations are often much later
than those observed in the ethnographic literature. In Sellen’s (2001) survey
of the infant feeding practices of 113 non-industrial populations, all but one
introduced solid foods by thirteen months of age. In the light of this, the ages
of introduction of supplementary foods reported in the stable isotope studies
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Figure 11: Reported ages at which breastfeeding was completed by in archaeologi-
cal populations. Based on data in Table 4.
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are surprising, and somewhat unconvincing. It seems more likely that the
various limitations of the stable isotope technique, due to bone turnover and
imprecise ageing methods, may mean that the timing of the introduction of
supplementary foods is being consistently overestimated. Even in well-
preserved skeletal material osteologically assigned ages are rarely more pre-
cise than three or four months, and since supplementary foods are often in-
troduced whilst an infant is just a few months old, it is clear that inaccuracies
in the estimation of the timing of their introduction will arise.

Furthermore, the time taken for bone to reflect the introduction of sup-
plementary foods may overestimate the timing of their introduction more
than is usually recognised. In an attempt to model the effect of weaning on
nitrogen isotope ratios, Millard (2000) found that the peak in "N could
overestimate the timing of introduction of supplementary foods by as much
as 6-9 months. This seems a remarkably long time considering the rapid rate
of bone turnover in infancy, but some time-lag does seem plausible. If sup-
plementation of the breastmilk diet occurs within the first few months, if not
weeks, of life, it is plausible that it may begin before the "N of bone has
equilibrated to that of breastmilk (i.e. some collagen formed prenatally still
remains). If the level of supplementation is initially low, the proportion of
nitrogen being removed from the bone that was deposited prenatally may
exceed the proportion of nitrogen being added that is derived from supple-
mentary foods rather than breastmilk. If so, the '°N of newly formed colla-
gen will be greater than that of collagen being removed, and the average

>N of whole bone collagen will continue to rise. A better understanding of
nitrogen metabolism in the bone and of the rates of bone turnover in infancy
are thus required in order to fully understand the effect of weaning on the
"N of infant bone collagen.

6.2 Agriculture, Fertility, and Infant Feeding

As discussed in chapter 2, one of the proposed mechanisms by which Neo-
lithic population increase has been suggested to have come about is through
the impact of a reduction on the duration of breastfeeding on a woman’s
fertility. Taken as a whole, the stable isotope data pertaining to the infant
diet can be seen to support this hypothesis, since the modal age at the cessa-
tion of weaning is longer in the populations with extractive economies than
those with agricultural economies. The vast range in breastfeeding duration
in the agricultural populations demonstrates however that agriculture does
not in and of itself cause a reduction in breastfeeding duration. There are
relatively few studies of infant feeding practices in the early Neolithic, but in
the few studies that have investigated infant feeding practices before and
after the adoption of agriculture in a particular region, increased reliance on
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agriculture has not been found to associate with an earlier cessation of
breastfeeding (Schurr and Powell 2005, Bocherens ef al. 2007).

A reduction in the duration of breastfeeding therefore remains a possible
explanation for the population increase observed in association with the
adoption of agriculture, but the current evidence does not provide particu-
larly strong support for it. There are, however, numerous other possible ex-
planations as to how an increase in fertility could have occurred. Recent
evidence has demonstrated that, instead of being directly related to the fre-
quency and duration of suckling via a mechanism of hormonal control as
once thought (Konnor and Worthman 1980, Howie and McNeilly 1982), a
woman’s return to fertility post-partum is a function of her overall energy
balance (Valeggia and Ellison, 2004, 2009). Ovulatory cycling has been
found to resume when a woman has experienced a sustained period of posi-
tive energy balance (Valeggia and Ellison 2004). Lactation is a major ener-
getic cost, requiring on average an extra 675kcal/day during the first six
months post-partum and around 460kcal/day thereafter (Shetty 2011), and
thus constitutes a substantial portion of a woman’s overall energy balance.
All other things being equal, women who breastfeed for longer will resume
ovulation later. As noted in recent hypotheses about the causes of the demo-
graphic transition (Bocquet-Appel, 2008, 2009, 2011), changes in nutrition
and activity patterns in conjunction with the introduction of agriculture are
likely to have altered female energy intake and expenditure in other ways,
meaning that a change in breastfeeding patterns is not necessary to explain
increased fertility.

The determinants of female fertility do not however only act in adulthood,
rather there is an increasing body of evidence to suggest that the conditions
experienced in early life can shape a woman’s reproductive potential. Even
the conditions experienced in utero begin to shape female reproductive po-
tential: first menstruation has for instance been found to occur up to 1.6
years earlier in girls of low birth weight than those of higher birth weights,
suggesting that energetic investment is being directed towards reproduction
rather than growth in individuals primed to expect poorer environmental
conditions (Cooper et al. 1996, Ibafniez et al. 2000). Females born during the
rainy season in Vietnam, when food supplies are low and infection rates
high, have also been found to have a greater number of offspring in later life
(Huber and Fieder 2009). The ovarian function of individuals with a low
ponderal index (low weight-for-length) at birth has also been found to be
more sensitive to changes in activity levels, suggesting that reproduction is
also more carefully targeted to avoid periods of hardship in females who
experienced poor conditions in utero (Jasienska et al. 2006).

The childhood environment has also been found to affect the timing of
puberty, with better growth during childhood being associated with an earlier
onset of menstruation in females (Cooper et al. 1996). These effects interact,
such that individuals born into stressful environments but who then experi-

66



ence better conditions during childhood have high rates of precocious pu-
berty, such as those observed in children adopted from developing to devel-
oped countries (Parent ef al. 2003, Sloboda ef al. 2011). In a study of mi-
grants from the Sylhet region of Bangladesh, associated with good nutrition
but poor sanitation and limited healthcare, to London, individuals who mi-
grated prior to the age of nine were found to have an earlier age of menarche
and higher ovarian hormonal function than those who migrated aged nine or
older (Nufiez-de la Mora et al. 2007). Amongst those who migrated under
nine there was a negative correlation between age at migration and ovarian
hormonal function in adulthood, whereas those who migrated after the age of
nine had similar levels to individuals who remained in Bangladesh. It would
thus appear that there is a developmental window during which the trajectory
of reproductive maturation can be modulated according to environmental
conditions (Nufez-de la Mora ef al. 2007).

The environment during early life and childhood thus plays an important
role in determining later fertility outcomes. Changes in the pathogen load of
the environment and childhood nutrition with the adoption of agriculture
could thus in and of themselves have brought about the Neolithic demo-
graphic transition, or more likely have played a role in causing it. The dura-
tion of breastfeeding and the timing of supplementation thus have the poten-
tial to affect fertility levels not just through its impact on the duration of
post-partum infertility in the mother, but also by influencing the reproductive
development of the child.

6.3 Animal Milks and the Infant Diet

“The human species is the first mammal to eliminate lactation” (Sellen 2006).

The final paper (V) in this thesis explores what the biological implications of
introducing animal milks into the infant diet might have been in a prehistoric
context. The article comes to the conclusion that substituting animal milks
for human breastmilk would have had negative consequences for infant
health. In particular it would have left infants more vulnerable to micronutri-
ent deficiencies, particularly iron-deficiency and anaemia, and to diarrhoea
from gastrointestinal infections. The earlier animal milks were introduced to
the diet, the more severe the consequences would have been. The one situa-
tion in which supplementing the breastmilk diet with animal milk products at
an early age might have been beneficial for infants would perhaps have been
if maternal nutritional status was marginal and breastmilk fat content at the
very low end of the human range. In this case the benefits of extra energy in
the infant diet may have outweighed the risks of increased infection rates (cf.
Gray 1998).
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Whilst less serious than the impact of replacing breastmilk with animal
milk, the increased risk of iron-deficiency and anaemia means that the use of
animal milks as supplementary foods is also expected to have had negative
consequences for infant health, particularly if used in substantial quantities
and/or during the first year of life. To this it can be added that the bioavail-
ability of iron and zinc and calcium is poor in most cereals (Brown et al.
1998), and the use of cereal products alongside animal milks would only
serve to compound the problem. Fermented dairy products, on the other
hand, both facilitate the absorption of iron from other areas of the diet and
contain probiotic bacteria, and could therefore have been beneficial to infant
health if used in complementary feeding alongside other iron-rich foods. The
consequences of iron deficiency are severe: iron deficiency during childhood
causes growth stunting, reduces the ability of the body to fight infection and
thereby increases morbidity and mortality rates, and impairs cognitive de-
velopment (World Health Organization 2001). These effects are also long-
lasting, and there is an increasing body of evidence suggesting that iron defi-
ciency during childhood is associated with poorer cognitive performance and
behavioural outcomes in adolescence and adulthood (Lozoff et al. 2000,
Georgieff 2011). Infant feeding practices that increase or decrease the preva-
lence and severity of iron-deficiency thus have the power to affect not just
infant morbidity and mortality rates, but also the productivity of an entire
population.

Given that feeding infants raw animal milks is expected to have nega-
tively affected infant health outcomes, why was it that their use in infant
feeding became so widespread historically? The answer presumably lies in
the fact that, although inferior to breastmilk, animal milks are nonetheless
more similar to human milk than other foods. From the maternal point of
view, therefore, they would have reduced the trade-off between the costs and
benefits of weaning children earlier. Women would thus be more likely to
wean their infants earlier in the face of pressures from work and activity
patterns, further reproduction, the need to improve their own health status, or
other physical and social pressures. Once artificial feeding was established
as a cultural norm the increased rates of infant morbidity would also be per-
ceived as normal, and the practice of artificial feeding would be liable to
continue even in the absence of the original pressures that caused it.

In purloining animal milks for use in infant feeding, humans effectively
outsourced the energetic cost of nursing, and in doing so eliminated the in-
centive to wean children off the milk diet. This means that, although infants
may have lost the beneficial properties of breastmilk at earlier ages, they
could have profited from the lower health benefits of animal milks (Haug et
al. 2007, Ebringer et al. 2008, Kliem and Givens 2011) at least until the on-
set of lactase impersistence in mid-childhood (Sahi ef al. 1983, Wang et al.
1998, Rasinperé et al. 2005). With the production of low-lactose dairy prod-
ucts and spread of lactase persistence dairy consumption could continue into
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adulthood. In a sense, therefore, the human species has managed to eliminate
both lactation and weaning.
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7 Conclusions

At the start of this thesis a series of questions was raised. The first of these
was whether prehistoric farming populations breastfed for less time than
hunter-gatherers. From the data presented here it is apparent that in many
cases they did, however this tendency was far from universal and many agri-
cultural populations breastfed for just as long as hunter-gatherer ones did. It
hence seems unlikely that there is any one feature of agricultural economies
that exerts a strong reductive pressure on the duration of breastfeeding, but
rather a variety of features that increased the likelihood of the trade-off be-
tween the costs and benefits of earlier weaning being perceived to be lower
in any given situation. As discussed in Chapter 2 the potential candidates for
these features are numerous, including changes in work patterns and social
structures, maternal condition, disease risk and mortality rates, the possibil-
ity of artificial feeding using animal milks, and changes in cultural beliefs
surrounding breastfeeding and weaning; and it is likely that the motivating
feature or combination of features differed from population to population.

The second question was how the use of agricultural produce in infant
feeding impacted upon infant health. This has primarily been explored with
regards to animal milks, and the answer depends on how they were used. In
so far as the use of animal milks may have promoted earlier weaning, or
taken the place of iron-rich foods in complementary feeding, their impact on
infant health can be presumed to have been negative. This would also hold
true for cereal products. Fermented milk products meanwhile may have im-
proved micronutrient status and helped mediate the infection risks of wean-
ing if used alongside other iron-rich foods in complementary feeding and the
post-weaning diet.

The third question was how differences in the duration of breastfeeding
and weaning would have affected the health and fertility of prehistoric popu-
lations. This is explicitly addressed in Paper III, in which two cemetery
populations with different demographic profiles, implying differential infant
mortality rates, were compared. In contrast to what was expected, no differ-
ence in the duration of breastfeeding was observed between the two popula-
tions, but there was some indication that supplementary foods may have
differed. This highlights the fact that the relationship between infant feeding
practices and infant mortality is complex, being dependent on the disease
risk of the environment and affected not just by the total duration of breast-
feeding but also the foods used in complementary feeding, the timing of their
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introduction, and practices such as pre-lacteal feeds that are currently still
unobservable in archaeological material. The relationship between infant
feeding and fertility is explored in Chapter 6, in which it is argued that
higher fertility rates during the Neolithic may well have been related to
changes in infant feeding practices, but that this could have been due to the
influence of nutrition in early life on reproductive development rather than
the impact of a reduction in breastfeeding on the duration of post-partum
infertility.

Question four asked how infant feeding practices differed between differ-
ent groups in a region and how they changed over time, whilst question five
asked how they varied within populations. The question of change over time
is addressed in Chapter 6, in which it is shown that the most dramatic change
in the duration of breastfeeding may have occurred with industrialisation
rather than with agriculture. Indeed, based on the isotopic evidence so far, it
appears that prior to industrialisation it was very rare to completely wean
infants before eighteen months of age, but common to do so thereafter.

Papers I, II and III all compared the breastfeeding and weaning practices
of different groups within the same region as well as within individual popu-
lations. In Paper I it is argued that variation in the isotope composition of the
weaning diet is likely to have been due to seasonal variation in the availabil-
ity of different resources in a hunter-gatherer population. The differences
between different Pitted Ware Culture groups living in different parts of the
Baltic may also be attributable to differences in resource availability, but
could also have been the result of different local traditions in infant feeding.
In Paper 1II it is shown that there does appear to have been variation between
different sites in the Little Poland region, but it is unclear whether the cause
of this variation was due to cultural norms or local traditions. In Paper III
meanwhile evidence from the adult diet was used to argue that differences in
infant feeding practices between individuals at Bjarby was probably due to
differences in social status. The similarity in the range of variation at both
sites meanwhile was used to argue that the ideologies or social structures
behind that variation may have been similar.

The final question addressed the childhood diet, and how it relates to
eventual adult identity. Paper IV specifically addresses this in a study of
Unétice individuals, and finds that for the majority of individuals diet varied
very little throughout life, suggesting that adult identity was determined very
early on in the life-course and was probably inherited. At the Globular Am-
phora site of Koszyce in Paper II animal protein intake appears to have in-
creased during the lifetime and to have differed slightly between males and
females. These differences were again established in early life, suggesting
that gender differences were fixed and enacted through the diet from an early
age. In Papers I, III and IV subadults with unusual diets were observed. The
presence of a neonate with a “terrestrial” isotope signature at Ajvide sug-
gests the presence of an adult with an unusual diet at the site, and possibly
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contact with the Funnel Beaker Culture farmers. In Paper Il an older
subadult buried in a cemetery primarily reserved for young infants at
Triberga was found to have consumed a much more marine-based diet in
earlier childhood, suggesting that the location of this individual’s burial loca-
tion may have been due to it being a migrant or for some other reason con-
sidered to be an “outsider”. A similar situation was observed in Paper IV, in
which an individual buried in an isolated location and on the opposite side of
the River Oder to most Unétice individuals was found to have undergone a
dramatic dietary shift from apparently being breastfed by a female with a
“normal” Unétice diet to consuming a more or less vegan diet prior to death.
This again suggests that the unusual burial location may be related to a devi-
ant social status in life.

What then have been the long-term consequences of the development of
agriculture for infants? Whether or not the development of agriculture led to
a revolution in infant feeding during the Neolithic itself remains something
of an open question that will only be answered by increasing the number of
studies of the infant feeding practices of Mesolithic hunter-gatherers and
early farmers. It is clear, however, that the developments of that time have
set in motion a sequence of events that have transformed the way that infants
are fed. The relatively short durations of breastfeeding observed in industri-
alised populations today appear to be the result of a decline that began with
the adoption of agriculture, and was possibly accelerated by industrialisation.
In lieu of breastmilk infants are now provided with formula milks and forti-
fied cereal products - modifications of foodstuffs made available by the ad-
vent of agriculture. Although the substitution of breastmilk with formula
milks is still associated with poorer health outcomes and higher infant mor-
tality rates, these products mean that in environments with good sanitation it
is now possible to artificially feed an infant without severely compromising
its welfare. Even as little as a century ago this was far from so, and although
some infants who could not be breastfed would have been saved by the
availability of animal milks, for numerous others their use would have left
them at increased risk of stunting, sickness, and death. The legacy of the
Neolithic for infant health can thus be seen in two ways, but it seems that
until recently it was largely a negative one.
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8 Sammanfattning

Denna avhandling behandlar hur jordbrukets inférande péverkade olika
sociala praktiker rérande amning och avvinjning. Den bestar av en s.k.
kappa och fem artiklar, av vilka fyra behandlar amning och spddbarnskost
baserat pd analyser av stabila kol- och kvéveisotoper pé forhistoriskt
skelettmaterial, och den femte artikeln diskuterar vilken potentiell effekt pa
sjukdom, ohilsa och dddlighet hos spiddbarn som introduktionen av mjolk
frén andra djur kan ha haft under forhistorien.

Kappan sitter artiklarna i ett stérre arkeologiskt sammanhang. I de tvé
inledande kapitlen redogdrs for olika anledningar till att inforandet av
jordbruk kan forvéntas ha fordndrat hur spadbarn ammades och avvénjdes.
Jordbrukshushéllning nddde sydostra Europa under det sjunde artusendet
fore var tiderdkning och spreds sedan over kontinenten. Jordbruket innebar
inte bara nya sétt att skaffa mat, utan ocksd att nya sorters mat blev
tillgdnglig — inklusive mj6lk och cerealier, som &r sa vanligt forekommande i
nutida spéddbarnskost. Inférandet av jordbruk medforde ocksd forédndrade
aktivitetsmonster, som kan ha varit svarforenade med amning och dérfor
ledde till en tidigare avvanjning. Bofasthet och nira kontakt med djur 6kade
risken for infektionssjukdomar, och det &r dérfor tidnkbart att kvinnor
investerade energin i nya graviditeter snarare 4n i amning, for att
kompensera for okad spddbarnsdddlighet, och dédrmed avvénjde sina barn
tidigare. Slutligen medforde spridningen av jordbruket 6ver Europa massiva
kulturella forédndringar, dér olika forestillningar om amning och avvinjning
kan ha ingatt.

Tredje kapitlet tar upp amning och avvénjning frén ett evolutionért och
biologiskt perspektiv. Humanm;jolk dr komplex och dynamisk och innehéller
forutom all néring ett barn behdver under det forsta halvéret dven en rad
olika immunologiskt aktiva komponenter som skyddar mot infektioner. Det
medicinskt optimala amningsmonstret hos méinniskan innebar sex méanaders
exklusiv amning foljt av minst 18 manaders fortsatt amning med
néringsriktig tilliggskost. Avvinjningséldern hos ménniska dr bade ovanligt
tidig — ménniskan 4r den enda primaten som avvénjer sina barn innan de kan
skaffa foda sjélva — och ovanligt plastisk (variabel). Denna plasticitet tros ha
utvecklats for att mojliggora flexibla amningsstrategier som varierar utifran
den specifika ckologiska miljon. Utover detta dr ocksa forekomsten av
speciellt tillredd och néringsrik foda som ges jamsides med fortsatt amning
unik for ménniskan, och tros ha utvecklats for att ge tillrdcklig energi for
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hjarnans tillvixt med bibehallandet av brostmjolkens skyddande egenskaper.
Att den kompletterande kosten dr tillrdckligt ndringsrik for att upprétthélla
barnets tillvixt dr avgdrande, eftersom tilliggskosten vid 9-11 manaders
alder behdver std for merparten av barnets mineralbehov och utgdra en
vésentlig del av energi- och proteinbehovet.

I fjarde kapitlet diskuteras amning och avvénjning fran ett kulturellt
perspektiv. Det finns en enorm variation 1 amnings- och
avvanjningspraktiker och de dr foremdl for manga olika forestéllningar och
ritualer. Beslutet att amma eller inte péverkas inte bara av ekologiska
faktorer, utan ocksd av moraliska normer och sociala patryckningar.
Forestillningar om att det skulle vara daligt for det nyfodda barnet med
ramjolk (kolostrum), den mjdlk som produceras under de forsta dagarna efter
forlossningen, ar vanligt forekommande. Dessa forestillningar kan leda till
praktiker som okar spddbarnsdddligheten, sdsom tillmatning eller att inte
lagga barnet till brostet forrdn ndgra timmar eller dagar efter forlossningen.
Mogen brostmjolk anses ofta ha magiska eller medicinska egenskaper, eller
skapa sléktskapsband mellan amma och det diande barnet. Manga géanger
tros ammans karaktirsdrag foras vidare till barnet genom mjdlken, och barn
som ges djurmjolk kan darfor anses ha vissa krafter eller egenskaper, eller
omvént betraktas som mindre intelligent 4n jdmnariga som ammats.
Tidpunkten for nér tilliggskost introduceras och niar amningen helt avslutas
varierar utifrdn det sociala sammanhanget, och bdda tidpunkterna kan vara
foremal for Gvergdngsriter. I genomsnitt introducerar jédgare och samlare
tilliggskost tidigare 4n jordbrukare, men ammar lingre. Aven om typen av
tilliggskost varierar enormt mellan olika populationer, har savil jagare och
samlare som jordbrukare tillgang till en lika stor repertoar av olika sorters
fododmnen som de anvidnder som kompletterande kost. Avslutningen av
amningen kan tvingas fram vid en viss alder, eller ndr mamman &r gravid pa
nytt, eller ocksa far barnet amma fritt sé ldnge det onskar. Avslutad amning
kopplas ofta till en social dvergang, fran beroende av mamman till storre
sjalvstandighet och interaktion med andra narstaende.

I femte kapitlet ges en Oversikt 6ver de metoder som anvédnds for att
studera amning i forhistorien. Innan benkemiska metoder utvecklades,
anvéindes ofta generella indikatorer for ohélsa i skelettet som tecken pa att
avvanjningen skedde vid en viss alder. Dessa metoder byggde dock pa
antagandet att avvdnjning var kopplad till sjukdom, och att det saknades
andra orsaker till indikatorer for ohdlsa under tidig barndom. Att undersoka
forhistoriska kostvanor genom kemiska analyser av skelettet ger mdjligheter
att studera amning och avvénjning med mera direkta metoder — antingen
genom analys av kvoten strontium/kalcium, eller analys av de stabila kvéve-,
syre- eller kolisotoperna i ben och tdnder. I synnerhet kviveisotopanalys
( "N) har anvénts, dér kvoten mellan den tyngre och den littare isotopen av
kvdve Okar for varje steg i naringskedjan, och eftersom det ammade barnet &r
hdgre upp i néringskedjan dn sin mamma, har det ocksd mer av den tyngre
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isotopen av kvéve. Man kan saledes studera vid vilken alder avvinjningen
skedde genom kvéveisotopanalyser av kollagen i ben fran individer som dog
vid olika aldrar. Det ger dock bara en uppfattning om avvénjningsaldern pa
populationsnivd, och dessutom frén individer som dog under denna process.
Till skillnad fran benvdvnad, som omsitts kontinuerligt under livstiden,
avspeglar dentin (tandben) tiden ndr tanden bildades, dvs. i barndomen.
Genom att analysera dentin frén flera olika tinder som bildats vid olika
aldrar, kan man dérfor uppskatta amningsldngden pa individnivd hos barn
som dverlevde processen. Det dr ocksa den metod som har tillimpats i denna
avhandling.

I sjatte kapitlet presenteras oversiktligt resultaten frén de fem artiklarna
och de placeras in i ett storre sammanhang. I den fOrsta artikeln undersdks
amningsmonster hos neolitiska marina jégare tillhdrande gropkeramisk
kultur frdn Ajvide pd Gotland. Studien visar att amningslédngden var relativt
enhetligt, men att typen av tilldggskost kan ha varierat 6ver éret. [ den andra
artikeln undersoks amnings- och avvinjningsmonster under neolitikum och
dldre bronsélder hos ett antal jordbrukande grupper i omrédet Lillpolen i
sydostra Polen. Hér varierade den totala amningsldngden stort — frén endast
ett halvar upp till atskilliga ar. I den tredje artikeln gors en jaimforelse av
amningsmonster hos tvad jirnalderspopulationer pa Oland. Aven hir
varierade amning och avvénjning stort, och det foreslas att social status kan
ha péverkat hur barnen ammades och avvinjdes. Den fjirde artikeln
behandlar frimst kosten hos storre barn tillhdrande Unéticekulturen under
dldre bronsalder i sydvistra Polen, men presenterar ocksd i begrénsad
omfattning data om amningsmonster, vilka varierade.

Resultaten fran dessa fyra artiklar jamfors sedan med data fran tidigare
publicerade amningsstudier som bygger pa analyser av stabila isotoper. Den
vanligaste aldern da avvénjningen avslutas befinns da vara négot liagre hos
jordbrukare &n hos jdgare och samlare, men variationen ar stor hos bada
grupperna och har ungefar samma spannvidd. De fatal studier som gjorts pa
amning och avvénjning hos populationer fran tidigmodern tid visar pé att
avvinjningen dgde rum vid en mycket ldgre alder &n hos nistan alla andra
populationer fran stendlder fram till medeltid. Urbaniseringen eller
industrialiseringen kan séledes ha forkortat amningsldngden i mycket hogre
utstrackning dn dvergangen till jordbruksekonomi.

Aven om det inte helt gar att utesluta, saknas i nuliget beligg for idén om
att forkortad amningsldngd forklarar den neolitiska befolkningstillvéaxten.
Darfor diskuteras ett antal andra effekter pd kvinnors fertilitet som
infoérandet av jordbruk kan ha haft. En forédndring av kvinnans energibalans,
av andra orsaker 4n amning, kan ha lett till en minskning av perioden innan
en kvinna kan bli gravid pa nytt efter forlossningen. Vidare finns det alltmer
som pekar pa att ndringsintag och exponering for infektioner tidigt i livet
paverkar en individs senare reproduktiva formaga.
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Den sista artikeln jidmfor sammanséttningen mellan humanmjélk och
mjolk frén idisslare utifran lampligheten som bréstmjolksersattning och/eller
tilliggskost. Det framhalls att under forhistorien skulle mjolk frén idisslare
haft en negativ effekt pa spiddbarnets hélsa om den anvindes som hel eller
delvis ersdttning for brostmjolk. Fermenterade mjolkprodukter, sésom
exempelvis filmjolk och yoghurt, kan ddremot ha haft en positiv inverkan pa
spddbarnshélsa om de anvindes jamsides med andra jarnrika livsmedel. Att
mjolk frén idisslare trots detta &r s& vanlig i spadbarnskost beror sannolikt pa
att den dnd4 &r en béttre ersittning dn nagot annat naturligt forekommande
livsmedel. Tillgdngen till mjolk kan dirfér ha gjort att det blev mindre
skillnad for mamman mellan en tidig eller sen avvinjning, vilket i sin tur kan
ha lett till en 6kad bendgenhet att byta ut brostmjolken i de fall da det av
ndgon anledning var gynnsamt fér modern att sluta amma.

Avslutningsvis framhalls att det ar klarlagt att inférandet av jordbruk
radikalt fordndrade amnings- och avvénjningsmonstren, dven om det ar
osidkert huruvida detta var en revolution som skedde under sjdlva neolitikum
eller senare. Nutida barn ammas vanligen relativt kort tid eller inte alls, och
detta forefaller vara kulmen pé en utveckling mot reducerad amningsléngd
som paborjades i och med inforandet av jordbruk och moéjligen accelererade
med urbaniseringen och industrialiseringen. Istédllet for att ammas, matas
spddbarn d& med en hogprocessad form av komjolk som trots att den &r
underlidgsen brostmjolk forser spddbarnet med en relativt ideal form av
nédring. Detta dr dock en sentida utveckling, och under stérre delen av var
historia har anvéindandet av mjolk frén idissslare istéllet for brostmjolk lett
till 6kad forekomst av tillvaxtstorningar, ohédlsa och dod. Sett utifran
spadbarnets hélsa dr alltsa det neolitiska arvet ett mynt med tva sidor — det
stdr dock klart att till for inte sd ldnge sedan var det frimst den negativa
sidan som maérktes.

Svensk dversittning: Gunilla Eriksson
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