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Abstract

Palaeodemographic studies enable the lifespan and health of a population to be studied
and subsequent influences deduced from the analysis of biological profiling data. The aim
of this research was to produce the demographic profiles for the medieval sites of Poulton
Chapel and St Owens, Gloucester. Comparisons with previously published sites would
allow a comparison between the demographic profiles from rural and urban populations.
Taphonomic and cultural factors have been listed amongst the causes for the lack of
material available for osteological analysis, and the subsequent under-representation of
certain age within a population. Although commented on in published literature, there has
been no research into the degradation of the human skeleton, with many projects focussing

only on the soft tissue decomposition rates and factors.

Using a combination of techniques from forensic anthropology and geology, the collections
were analysed using traditional palaeodemographic life tables and the sites subjected to
geoarchaeological investigation. This enabled not only the preservation of the skeletal
remains to be observed under differing burial conditions, but incorporated the use of

archaeothanatology to understand the cultural practices undergone during the time of burial.

This PhD thesis found that soil pH was not the biggest influencer on the potential
preservation of a skeleton, but the cultural practices behind the burial itself. By combining
techniques from forensic anthropology, geoarchaeology and geochemistry, greater insights
into the effects of taphonomic and cultural influences on the preservation of human skeletal
remains are found. This has enabled the questions into what influences the ability to
produce a demographic profile to be answered, which will encourage the use of

multidisciplinary studies when investigating cemetery samples.

Image Copyright
All images included in this thesis are subject to copyright. Those that have been provided
by the sites included in this thesis are noted in the figure legends. All others are copyright

of the author.
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Chapter 11 Introduction

and Literature Review




1.1. Introduction and rationale for the research

Palaeodemography assesses the changes to archaeological populations to learn about the
factors that affect the lifespan and health of a population. An analysis of the literature on
palaeodemography revealed that it was more than simply a question of what is a normal
demographic. Palaeodemography has been subjected to a number of critiques and
controversies, with a multitude of issues affecting the potential for achieving an
understanding of the structure of a past population. Many previous studies have been
carried out on the issues of underrepresentation of age ranges, with the reasons given as
poor excavation, taphonomic conditions or differing burial practices. Few studies have
aimed to bring the different elements together to explore what is influencing the preservation
and retrieval of human remains. Therefore, this study does not seek to correct or test
palaeodemographic modelling processes, but to explore the differences that can affect an
analysis during the deposition, excavation and curation stages.

The original aim was to examine one rural (Poulton Chapel, Cheshire) and one urban (St
Owens Church, Gloucester) sample from a medieval population, with a later comparative
analysis using previously published data from the medieval sites of Wharram Percy, North
Yorkshire and St Mary Spital, London (Connell et al., 2012; Mays et al., 2007 respectively).
The sites were selected based on the lack of published literature and research on Poulton
Chapel and St Owenbds Chur edpportunity o delarn more et
the medieval population and how the differing lifestyles may have affected the
demographics at each site. A lack of information on extensively studied rural medieval sites
would also help answer the questions as to whether the demographic profiles attained from

the study of the Wharram Percy skeletal population were representative of a rural lifestyle.

However, during the assessment of the St Owens material it was discovered that the two
excavations carried out on this site contained the skeletal remains of not one, but three
cemeteries covering two different time spans. An additional, external osteological contract
for an urban site in Chester provided an opportunity to explore the impact taphonomy has
on human bone, though demographic analysis was not possible on this sample due to small
numbers of skeletons retrieved during excavation (n=20). The addition of Chester Greyfriars

brought the total number of cemetery samples included in this thesis to five (Figure 1.1):

Poulton Chapel, Cheshire
St Owens, Gloucester
Southgate Congregational Church, Gloucester

Gloucester Infirmary Burial Ground, Gloucester

o > 0 nh e

Chester Greyfriars, Chester

nt ed



— 2

'.,Chester

',,..:,-Poulton

Gloucester &

100 km

Figure 1.1. The locations of the cemeteries are shown for Poulton Chapel in Cheshire, Chester
Greyfriars in Chester and the Southgate Street cemeteries in Gloucester.

Geoarchaeology is the application of geological techniques to archaeological questions.
The field has seen significant scientific advances over the last 20 years (Canti and Huisman,
2015), with studies investigating the influence of soil pH on the preservation of bone (Berna
et al., 2004; Jans et al., 2004 and Smith et al., 2002). Combining the results of the
geoarchaeological investigations at the studied sites with additional geochemical soil testing
and the anthropological assessment of the skeletal preservation, will enable the investigator
to devise a sample selection protocol for further detailed testing of human remains for
methods such as radiocarbon dating, stable isotope testing and ancient DNA to characterise
the human populations in detail. Therefore, a multi-disciplinary study into the factors

affecting palaeodemographic research is presented in this thesis.

The PhD research presented challenges that required the development of new techniques
and protocols for the assessment of fragmentation, and the elemental analysis of human
bone. By incorporating techniques from anthropology, geoarchaeology and geochemistry,
it enabled investigation of the diagenetic factors on interred human remains and provided

an oversight into the potential areas for further testing in both the field and the laboratory.



1.2. Literature Review

6Thus t he probl ems i e not ofi t h t
complete skeletons but with those of poor condition or which are
significantly less complete, and it is in the study of these individuals

that the greatest census error is t

Lovejoy (1971, p.102)
1.2.1. The issue of palaeodemography

Anthropologists and archaeologists study human remains to learn more about the life
history of that individual, the population in which they lived, and in some cases, the
circumstances surrounding their death and the deposition of the body. Palaeodemography
is the study of ancient human mortality, fertility and migration, and looks at the changes in
pre-modern populations to learn about the influences on the lifespan and health of the

population from which they originated.

Palaeodemographic studies use the sex and age-at-death estimates derived from skeletal
material (Angel, 1969). Based upon these death cohort data, the production of life tables
enables the analysis of population dynamics, including survivorship, life expectancy, fertility
and mortality rates (Drusini et al., 2001; Lovejoy et al., 1977; Weiss and Wobst, 1973).
Ubelaker (1974) carried out demographic studies on ossuary skeletal samples, using a case
study from the Tidewater Potomac to illustrate that a successful palaeodemographic study

must meet the following requirements:

The researcher must have knowledge of the completeness of the sample.
Information regarding the archaeological associations of the skeletons.
A determination of the length of time the collection represents.

1

2

3

4, An adequate assessment of sex and age-at-death.
5 A proper selection of demographic methodology.

6

Uniformity of analytical work throughout the procedure

If one or more of these requirements are not met, the palaeodemographic study will be
inaccurate and will not produce usable information. Thorough assessment of the available
historical and archival information on an archaeological site is necessary to provide an
estimate of the period the population represents. Once deduced it should be possible to
ascertain the average number of deaths per year for the population, before using a

regression formula to determine the minimum size of the population needed to sustain this.

Mathematical equations to investigate the pattern of mortality in adult populations have

been used since the work of Gompertz in the early 19" century (Meindl and Russell, 1998).

4
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Following World War 1l there was a shift from using the functional graduations towards life
table reference sets (Brass 1971). The reference sets supplemented incomplete
demographic data from developing countries, and were based on the basic assumption that

governs mathematical principles:

fA limited number of dimensions of variation exist for the shape of the curve of
deaths.o

(Meindl and Russell, 1998, p.389).

Four families of mortality profiles were identified from the models created, though the West
family reference set is used in anthropological applications most frequently. The
palaeodemographic models have been used by anthropologists to examine and explain the
processes that may apply to extinct populations (Buikstra and Konigsberg, 1985; Horowitz
and Armelagos, 1988; Dumond, 1997 and Sullivan, 1997). Others sought to eliminate
certain archaeological populations from palaeodemographic study completely (Howell,
1982; Milner et al, 1989 and Paine, 1989), as the survivorship levels of many populations
tended to be very low, especially when compared to the West family reference sets. Those
undertaking the assessment concluded that the life table analysis must be wrong (Howell,
1982; Milner et al, 1989 and Paine, 1989).

The Libben site, Ottowa County, Ohio, dates from the 8th to 11th centuries and was subject
to a palaeodemographic study, which was published in the 1970s (Lovejoy, 1977). A well-
preserved sample, with 1289 of the 1327 skeletons recovered included in the life-table, was
analysed with a view to understanding more about the population and historical events that
affected the mortality rates of the population (Howell, 1982). Some of the current methods
used for ageing skeletal remains have derived from methods originally tested on the Libben
population (Lovejoy, 1985; Lovejoy et al, 1985a; 1985b), along with the justification for
carrying out multifactorial studies to increase accuracy when assessing the biological profile

of human skeletal remains (Bedford et al, 1993; Mensforth and Lovejoy, 1985).

When publishing the data, Lovejoy (1977, p.291) it was claimed that it was 0he largest and
most comprehensively censused North American prehistoric ¢ e me t, edrayiag
comparisons between the demographic results obtained from the life tables and those of
ethnographic censuses (Chamberlain, 2006). However, the analysis drew criticism due to
the low infant and high adult mortality profile (Howell, 1982; Coale and Demeny, 1983). A
comparison was carried out between the Libben mortality distribution and the West model
mortality profile produced by Coale and Demeny (1983), which had a similar life expectancy
at birth of 20 years (Chamberlain, 2006). There were marked differences between the
profiles, with the Coale and Demeny profile showing an increase in death in the 0-4 year

range, a reduced adult mortality between 25 and 45 years and gradual decline in individuals



surviving past 60 years, rather than the abrupt cut off that occurred in the Libben life table.

Lovejoy (1977) responded to the comments, denying that there was under-representation

of the non-adult population and that there were no issues with the estimation of age in the

adult population.Lovej oy 6 s (197 7) ar g u radult populabos cotllchnattbe t h e
under-represented due to the excellent rates of preservation and thorough excavation of

the site. Adult age estimation was carried out using a multivariate approach, with seven age
indicators used in the assessment, leaving little doubt to the accuracy of the ages reported.

Lovejoy (1977, p.293) proposed that it was the modern populations that showed abnormal
demographics due to ithe selective influenceof a battery ofwhiohded®l pa

increased risks in early childhood resulting in a reduced adult mortality level.

Investigations into the possible cause of this discrepancy were undertaken by Brass (1971),
who investigated populations that had a very high adult mortality rate in an attempt to
understand what else could be influencing the results. Brass (1971) found that there were
factors, both social and environmental that could lead to deviations from the expected
model, although the resultant demographic analysis did not show this. It appeared that
individuals under the age of 10 years and those over 60 years were not represented fully
using this method, leading to discrepancies in the life table model (Meindl and Russell,
1998). It had been noted that while the Libben demographic pattern was not see in extant
populations, but regularly observed in skeletal demographic analyses (Howell, 1982). When
modelling a hypothetical population to simulate the living population that would have
resulted in the demographic profile observed with the Libben population, it was clear that
there would have been a very high proportion of dependent non-adults, with many orphaned
due to the high mortality observed among young adults. Families would have been limited
to two generations, with few non-adults having surviving grandparents. The pressures of
providing for so many children in a population would result in a significantly heavy workload
for the adult population. Howell (1982) concluded that the life table might have been
distorted by differential preservation and inaccurate age estimation from the skeletal

remains.

Later, stable population theory provided a practical means to show the relationship between
the age distributions of a cemetery with a mortality profile (Bennett, 1973; Weiss and Wobst,
1973 and Moore et al 1975). By using stable population theory, the new demographic
profiles were more of a continuum of solutions, with each point on the table providing both
mortality and fertility levels, rather than a single demographic profile. Other papers put
forward alternative life tables that offered some flexibility (Weiss and Wobst, 1973), although
it was the production of hazard tables by Gage (1988; 1989; 1990) that enabled the
demographer the option of smoothing the life table data. Wood et al (1992) introduced the

concept of hazard functions, enabling the demographer to model the demographic structure



as a continuous function, rather than a series of values. They were useful when exact ages
of death are known, due to ensuring the maximum amount of information is gained from the
analysis (Chamberlain, 2006). However due to archaeological populations rarely providing
information on the exact age at death, it had limited use for many palaeodemographers.

Recent palaeodemographic studies have used probability models, or Bayesian statistics,
using known data and unknown data (Gelman et al, 1995). Lewis and Gowland (2007)
carried out a study comparing the mortality profiles of the non-adults from four medieval
sites (two rural and two urban), using both standard regression methods from long bone
age estimation, and a Bayesian method. While the regression formula produced a peak in
age at 38 weeks, the Bayesian method produced a broad range of ages, which was more
representative of a da t u daembgbaphic profile. However, it was noted that the overall

mortality profiles did not differ significantly from each other.

In 1982, Bocquet-Appel and Masset published a paper consisting of a series of critiques
regarding the currently available methods for age estimation and the reliability of life table
parameters. It was followed up by a series of papers from many authors providing evidence
both for and against the claims. Buikstra and Konigsberg (1985) reviewed the paper and in
doing so compiled a list of the weaknesses put forward by Boucquet-Appel and Masset

(1982), which are paraphrased here:

1. Profiles seem to reflect those of the reference populations, is the methodology really
informing on the mortality structure or is it biased?

2. The standards used for age estimation methods do not evenly represent all age
categories and therefore are likely to be biased in the estimates given

3. Many standards do not account for older age groups; therefore, analysis could result
in incorrectly assigning an individual to the wrong age category.

4. The currently available methods for estimating age at death are not profiles
No single technique to assess age will not account for the variation present within
or between populations. By standardising the methodology, any significant

variances in the profiles will not be identified.

The criticism of palaeodemography was met with disagreements in the points raised and in
the methodologies carried out by Boucquet-Appel and Massett (1982). One such paper was
the published in 1985 by Buikstra and Konisberg, who not only addressed each of the points
raised, but also identified the flaws in the initial paper and carried out an assessment of 26

life tables compiled from North American skeletal samples to support their argument.

There have been questions into what the demographic life tables actually represent, with
many believing that rather than the mortality of a population, it indicates population growth
and fertility (Buikstra et al, 1986; Johansson and Horowitz, 1986 and Milner et al, 1989). A



high proportion of non-adult individuals excavated from a cemetery would result in a low life
expectancy at birth, indicating a thriving, growing population (Larsen, 2002). Whereas
populations with a low proportion of non-adult burials would produce a high life expectancy
at birth, possibly indicating a population in decline.

Lovejoy (1971) had previously stated that without taking into account the variability within a
population and the additional variability brought in through migration into the population, it
IS not possible to make a reliable judgement on the population demographics. Later
demographic papers also noted that there are several potential sources of error when
investigating demography (Meindl and Russell, 1998). Aside from the issues noted with age
at death estimation techniques, there were problems raised with burial practices, truncation
due to later burials, excavator experience, the completeness of the excavation and

taphonomic interference.
Cemetery populations

The treatment of the living within societies can vary with age, population pressures and
illness, though there are times when this may not be represented in cemetery samples. The
treatment of the dead only varying in very specific circumstances, although the variation will
depend on the population and their cultural beliefs, practices and superstitions. Funerary
rites have been used to express the identity of the deceased, with certain practices
highlighting a particular age group or profession (Stoodley, 1999; Buckberry and Hadley,
2007). By excluding particular groups of individuals from burial within the cemetery, or by
interring particular demographic groups in burial structures such as a family mausoleum,
the demographic reconstruction of the overall population will be affected (Bello et al, 2006).
Many papers attribute the differences in mortality profiles to the under-representation of age
or sex groups, however, it should be noted that this is not a concern to all demographers,
with those excavating sites in the eastern United States claiming the impact was overstated
(Masset, 1973, Walker et al, 1988 and Jackes, 1992).

Under-representation of non-adults

The limited number of recovered infant burials is a frequent problem (Angel, 1969; Weiss
and Wobst, 1973), with many palaeodemographers assuming the number of recovered
burials is representative of the non-adult population due to the lack of understanding
regarding infant burial practices at the site (Moore et al, 1975). Under-representation of non-
adult age classes can result in a major potential source of bias when undertaking a
demographic analysis, a problem that is often encountered when assessing skeletal
populations (Chamberlain, 2006). It is suggested that low non-adult representation within a
population where cemeteries are expected to contain the representatives of all age ranges

within a community, is due to the vulnerability of the non-adult remains. The fragility of the
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non-adult remains will increase the influence of taphonomic factors, with the size of the
bones and poor mineralisation due to incomplete development making them particularly
susceptible. Mensforth (1990, p.90) summarises the issues seen in non-adult under-
representation:

fSelective cultural biases and mortuary practices at the time of death,
differential postmortem preservation, selective recovery and curation
practices, and variation in the degree to which age can accurately be
inferred from fragmentary skeletal remains all increase the vulnerability of
skelet al series to sampling errors. o

Put into simpler terms, when infants are subjected to different burial practises and interred
in locations separate to those of the adults, it will have a significant impact on the
demographic profile, leading to bias in the overall estimation and mortality profile of the

population.

Infanticide is a topic rarely covered when discussing the under-representation of non-adults
in the demographic record. However, many situations may preclude this issue, such as
short inter-birth intervals, the difficulties and cost of transporting infants long distances, the
need to limit family size and the preference for male births who were seen to be of greater
value as providers or combatants (Divale and Harris, 1976 and Scrimshaw, 1984).
Saunders and Hoppa (1993) notes that infant deaths through infanticide were rarely buried
in the cemetery as they were not baptised and therefore could not be buried on consecrated
ground, leading to questions as to how the demographer would be able to note such events
as occurring. It would be difficult to account for infanticide through those lost due to short
inter-birth intervals or limitations on family size. Therefore, given that for many cemeteries
the determination of sex in non-adults does not take place due to financial constraints, the

demographer would need to look to the adult population.

There are also many studies noting that concentrations of neonatal and infant remains are
also a possibility at medieval sites, following on from the Anglo-Saxon practice more
commonly referred to as eaves drip burials (Boddington, 1987; Craig-Atkins, 2014; Hadley
and Kemer, 2014). The burial practise was named after the identification of clusters of infant
burials close to the foundations of the church in early medieval cemeteries (Boddington,
1996; Crawford, 1999; Craig-Atkins, 2014; Hadley and Kemer, 2014). The phenomenon
has been reported at Raunds Furnells (n=25), Pontefract (n=18), Cherry Hinton (n=33),
Thwing (n=25) and Spofforth (neonates, n=9), although the list of sites reporting the
clustering of neonates and infants is much longer (Craig-Atkins, 2014). All burials are found
within 1.5-2m of the building foundations, with the exception of the burial cluster at Thwing,

which was centred on a posthole. Possible explanations for the eaves-drip burials include



posthumous baptism provided by the water dripping from the eaves of the church onto the
burial, or the space close to the church only providing room for infant and neonatal burials
in heavily populated cemeteries (Boddington, 1996; Crawford, 1999; Craig-Atkins, 2014;
Hadley and Kemer, 2014).

One study in the literature compared the mortality rates of infants across Medieval,
Georgian and Victorian times to determine the impact of industrialisation on demographics
(Lewis and Gowland, 2007). However, it was suggested that the material from the rural
medieval population used in this study might not have been representative of the population
due to the high rates of infant mortality when compared to other sites. With few rural sites
to compare to, it demonstrated a clear need for other sites to undergo palaeodemographic

analysistoasc ert ai n what iis 6énormal 6 for rur al
Under-representation of the old and infirm

Evidence suggests that many societies would occasionally Kill the old and infirm (Meindl
and Russell, 1998). However, unlike infants who may be buried outside of the cemetery,
the old and infirm were very rarely treated differently from the rest of the adult population.
Excavation of a leper hospital at St Bartholomew in Oxford, England, recovered 12
skeletons when widening the A1065 road at South Acre uncovered the graves (Wells,
1967). The mechanical excavator had truncated the feet and in some cases, the lower limbs
of skeletons, with others being in a very poor state of preservation and seven of the burials
displayed signs of leprosy. Since the initial discovery, a further 19 burials have been listed
as from the same site by the Archaeology Data Service, an online resource for researchers
working with medieval monastic populations. The second excavation brought the total
number of individuals recovered from the site to 31, represented by 11 females, 12 males,
three adults of indeterminate sex, three non-adults and one unaged individual. Although
there was no sex bias identified at this site, there was an underrepresentation of non-adult

individuals present, which would cause a significant bias in a demographic profile.

There should be consideration of the demographics of the people who would be buried
within a hospital cemetery. Members of the community that were from higher status
backgrounds would most likely bury their dead in their preferred cemetery rather than the
hospital. Hospital cemeteries only contain individuals who had not recovered from an injury
or illness, rather than the local community. Bodies that had not been claimed, and those
who travelling through the town or city at the time of becoming ill, will also make up a portion

of the hospital cemetery population, which was often managed by the local authority. The

A~

pop

type of hospital that served the cemetery will also need to be taken into account; awomen 6 s

hospital would mean a sex bias in the cemetery profile. Likewise, an infirmary or hospital
serving an army would likely have a bias towards males. In either case, those that were

interred there were the poorer members of the community, whose family were not able to
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afford the costs of a funeral in their local church, or for transport of the remains to a local

cemetery.
Sex bias within cemeteries

There are many religious houses that only allow single sex members, which would in turn
provide a biased demographic. Religious houses believed that having members of both
sexes in such closed quarters would lead to distractions from the simplistic lifestyles of
those that had devoted their lives to God. Although the lay community would be comprised
of both males and females, there would be very strict access rules for each of the sexes as
to the locations they could access. Chapels and cemeteries would often be located away
from the religious houses, often with separate burial cemeteries for members of the religious
order. An example of this would be the medieval Dominican Friary, Oxford Blackfriars, which
recovered 83 individuals from a range of locations in the friary grounds (Lambrick and
Woods, 1976). Of those that could be sexed (n=63), the majority were males (n=53), with
only 10 female burials identified. A small number of non-adults were also recovered (n=9).
A number of sites that housed infirmaries that would serve the local community, which may
account for the presence of females in a male monastic order. However, without further
analysis into the daily workings of the sites, it is not possible to confirm this as the reason
for the presence of females.

An under-representation of adult females could indicate a preference for male children given
that 6nor mal 6 popul ation demographics suggest
number of individuals represented for both sexes. However, if the cemetery population in
guestion spans a long period of time (i.e. several hundred years), the demographer would
also have to consider whether this was an ongoing or traditional practice that occurred
throughout the lifespan of the cemetery, or whether it was limited to a specific event in time.
Additionally, an under-representation of female deaths may also be due to the location of
the burials in the cemetery, excavation constraints, or the impact of a battle occurring
nearby. Due to the difficulty in investigating the practice of infanticide, Meindl and Russell
(1998) recommend that the issue be removed from the calculation of life expectancy at birth,

which would better represent the mortality conditions.
Researcher knowledge

The level of knowledge and expertise of those carrying out excavations will play a role in
the retrieval of non-adult remains. Poor knowledge of developmental skeletal anatomy can
lead to bones being missed or lost during excavation, causing the loss of infant remains or
limiting the possibility of age estimation. Commingled skeletons present issues with bones
not being correctly identified and smaller burial plots may be missed completely, further

contributing to the issues (Moore et al, 1975).
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Incomplete excavations

The size of the cemetery population will influence the resultant demographic profile, if a site
is only partially excavated, it will have a bearing on the results obtained. Partial excavation
of a cemetery has been noted in studies (Barclay et al., 1976; Bermudez de Castro and
Nicolas, 1997; Gowland and Chamberlain, 2005 and Howell, 1986) however, there is little
information as to the minimum sample size required for a demographic analysis. Lawrence
Owens (Owens, 1998) carried out an analysis of the skeletal material excavated at Poulton
Chapel, one of the sites presented in this PhD thesis, during the 1996-1997 seasons (34
articulated burials and associated disarticulated material, bringing the total estimated MNI
for the study to 85 individuals). The study gave a preliminary insight into the Poulton
Medieval population; however, the small sample size was not representative of the
population as a whole due to under-representation of female and infant remains. One issue
raised by Chamberlain (2006) was that no literary evidence exists for the number of
individuals interred at a cemetery when assessing most archaeological populations.
Therefore, the demographer can never really be sure that the sample is complete, even
after completely excavating a site, as there is no way to check the number of burials
excavated tallies with the number of interred at a site.

Cemetery lifespan

The life table is created from the overall cemetery sample, though this usually involves
grouping the biological profiles of individuals that may have died generations apart.
Although the archaeologist may have carefully excavated the burials and compiled a Harris
matrix detailing which burial truncated which, the analysis is based on estimation and
interpretation, and therefore may not provide an accurate overview of which burials
represent each timeframe. Expensive radiocarbon dating can assist in providing information
on time since death, although the date ranges can often span decades. Where funding for
radiocarbon dating is available, the skeletons selected may not be representative of the full
date range of the site. Sample selection is critical to the analysis. By selecting the burials
that are deepest, the archaeologist is not guaranteed that the results will give the date range
of the earliest interred. Nor will the shallowest burial result in a date giving the latest interred
at the site. Therefore, using several approaches to gain as much information as possible to
aid in an interpretation of timescales should be standard practice across excavations.
Approaches can be in the form of historical records, literature, radiocarbon dating and the
Harris matrix compiled during excavation, but even then, the accuracy of the demographic
life table will still be questionable. Without the original burial records detailing the date of
death for each individual, it is not possible to fully, and accurately recreate the demographics
of multiple timespans from the skeletal remains alone. Therefore, the demographer must

interpret the results accordingly dependent on the analysis undertaken.
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Further complications can arise when dealing with large older sites due to the high rate of
truncation from the continual use of the space over a long period. The truncation of a burial
is where the skeleton is cut by a later event (for example, an interment or construction), and
is frequently observed in medieval cemeteries. Truncation can lead to the displacement of
the skeletal elements and the bones scattered over a wide area and therefore recorded as
disarticulated material. Truncation of a single individual by multiple burials can complicate
the burial record, with the need for keeping complete records and a continual Harris matrix
the only way to interpret the burial evidence provided by the skeletal remains. Secondary,
or bundle burials, placed in the grave with articulated remains, could indicate an effort to
return the skeletal remains of a member of the community back to a common place of burial
(Meindl and Russell, 1998). An alternative interpretation of this however is that the remains
were disturbed during a later internment, and placed back in carefully prior to the refilling of

the grave.
1.2.2. Anthropological assessment of human skeletal remains

The human skeleton can provide information on biological characteristics such as age, sex
and stature, along with information about health and lifestyle through pathology, dietary
analysis and musculo-skeletal markers (Larsen, 2002). By assessing the diet and nutrition
of an individual, along with assessing the literature for the availability of foodstuffs, disease
epidemics and living conditions within the timescales of the population in question, it is
possible to gain an insight into the lifestyle of a population. This insight can enable the
demographer to infer the reasons behind periods of poor health and model the structure of

a society.

Bocquet-Appel and Masset (1982) questioned whether a demographic analysis could be
carried out on an archaeological population when there was so much variability in aging

methodologies. In 1985, it was followed up with a further paper, which stated:

fet he estimation method for the age at de
contradictions between the demographic data collected on living
populations with an archaic pattern of mortality, and data collected on

skeletal populationso
(Bocquet-Appel and Masset, 1985, p.107)

However, the issue of variability in aging methodologies has been defended in other
publications, due to palaeodemographic analysis and age estimation techniques improving
in recent years (Jackes, 2000; Meindl and Russell, 1998 and Milner et al, 2000).

Adult sex determination

The assessment of sex in adult human skeletal remains uses methods that are either
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morphological or metric in nature, primarily distinguishing between the sexes by the degree
of dimorphism present. Sexual dimorphism has been noted in the pelvis (Phenice, 1969;
Stewart, 1979a; 1979b), cranium and mandible (Krogman, 1955; Buikstra and Ubelaker,
1994). The use of metric measurements provides further support to the determination of

sex, with a brief overview of each area given in this section.

Pelvic sex determination: The pelvis has long been noted as the most reliable skeletal
elementfors ex deter minati on, (Acss8gdi and Nemesk®
Phenice, 1969, Stewart, 1979a; 1979b) due to the differences in pelvic function between
the sexes. Although both males and females are subject to the same locomotion and weight
bearing pressures from being bipedal, females have the added selective pressure of
pregnancy and childbirth. It is due to this added pressure that the female pelvis has adapted
to ensure the successful delivery of young, increasing the sexual dimorphism of the pelvic
girdle (Garvin, 2012). The changes in the positioning of the sacrum led to a wider greater
sciatic notch, one of the traits used by Bru
(2002) method used five main traits, the greater sciatic notch, preauricular sulcus, the
composite arch, the inferior pelvis, and the ischiopubic proportions, with high correct
classification rates noted when the traits were used together. The technique most often
used by anthropologists is based on the changes to the ischiopubic ramus (Phenice, 1969).
It uses three specific features for sex determination; the ventral arc, the subpubic concavity
and the medial aspect of the ischiopubic ramus, with Phenice (1969) noting that although
there may occasionally be some traits that are ambiguous, there will always be one which
clearly indicates sex. PhD research was recently carried out by Samuel Rennie at Liverpool
John Moores University, which compared over 1100 individuals from eight populations
(including Poulton Chapel and St Owens, which are presented in this thesis), to determine
if multivariate analysis could be used for unknown individuals given that other methods
struggle with between population variation. Using eight morphological sex determination
features from the pelvis, and scoring each one through a combination of seriation and
statistical methods, Rennie (pers. comm., 2017) was able to determine that the techniques

could be used when geographic or temporal origin was not known.

Cranial sex determination: Cranial traits were first studied by Broca (1875), with several

notable studies since detailing the sexual dimorphism present in the human population

( Krogman, 1955; Ackadi and Nemesk®r i, 1970;
commonly used method by anthropologists is the scoring system giveninthe 6 St andar d
for Data Collection f r o m(Buikstrmaamd Ulselaleeit, 4394).1 R €
Consisting of five traits (glabella/supra orbital ridge, supraorbital margin, nuchal crest,
mastoid processes and mental eminence), each of which is drawn to represent five stages

of dimorphism in the cranium. The cranial traits range from very feminine to very masculine,
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with the three scores in the middle representing a shift from one end of the scale to the
other. Cranial sex determination has been noted to have a high degree of accuracy in many
cases, although some studies have found the interobserver scores were low, due to the
degree of subjectivity introduced by comparing traits to drawings (Walker, 2008; Walrath et
al, 2004). As with other methods discussed however, there is a degree of variation between
populations (Walker, 2008), which requires further investigation, especially given that there
are currently no population specific standards to use (Garvin, 2012).

Metric sex determination: The use of metric sex determination is governed by sexual
dimorphism, in that within humans, males are more robust/larger than females (Garvin,
2012. The measurements taken from long bone lengths, articular surface dimensions and
cranial size can be used to distinguish between males and females within a given population
as part of univariate or multivariate analyses. The parameters for sex determination can
vary between populations, therefore, when assessing the sex of unknown adults, it is
preferred to have an understanding of the likely population the individual has come from
(Garvin, 2012). There have been many studies assessing the use of skeletal elements for
sex determination, with Meindl and Russell (1998) listing a number of papers for use in this
area. However, in this thesis, the humeral head and femoral bicondylar breadth (Stewart,
1979), femoral head (Pearson, 1917-1919), radial head (Berrizbeitia, 1989) and the glenoid
cavity of the scapula (Dwight, 1984) have been used. Due to the long bones being subject
to environmental stress (Meindl and Russell, 1998), the metric measurements formed part

of a multivariate analysis alongside the non-metric analysis.

Non-adult sex determination

The assessment of sex in non-adults is not accurate when based on a macroscopic
assessment of the skeletal framework, due to the unfused elements used in adult sex
determination, and a lack of sexually dimorphic indicators (Schueur and Black, 2000).
Previous attempts at developing methods for non-adult sex estimation have met with
criticism due to population specificity or lack of repeatability. Advances in the determination
of sex using DNA using the sex chromosomes has enabled the possibility of obtaining a
more complete biological profile (Kaestle, 1995; Stone, 2000). However, the technique is
dependent on the availability of a well-preserved bone or tooth. DNA testing is expensive
and for large sites containing several hundred non-adults, it is not feasible to carry out

destructive testing.
Adult age estimation

Once the process of skeletal development is complete, aging becomes subject to genetics
and environmental influences. As these factors start to influence the age estimation, the

variation between skeletons of similar ages starts to increase, requiring the use of
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multivariate age analyses to minimise the impact of the variation (Krogman 1962, Acsadi
and Nemeskéri 1970, Lovejoy et al 1985a). The age ranges assigned to a skeleton will
increase from the small margins that can be assigned to non-adults, to at least five year

and where necessary, even more.

Macroscopic age estimation for the pubic symphysis has been used primarily for young and
middle-aged adults, due to the lack of change in the morphology of the pubic symphysis in
older age groups (Todd 1920, 1921; Brooks 1955; Hanihara and Suzuki 1978, Brooks and
Suchey, 1990). However, many other age estimation techniques also give low, top end age
estimates when compared with longevity of the modern population for the same reason,
suggesting that age estimation should use a combination of methods, with consideration
given to the possibility of carrying out a seriation of the skeletons for each available aging
method (Lovejoy et al, 1985a). Using a multi-variate approach will help to minimise the
inaccuracy of skeletal aging due to human variation and maximise the information available

for estimating biological age (Meindl et al, 1983; Acsidi and Nemeskeri, 1970).

Late Epiphyseal Union: Although majority of the skeleton has completely fused by
adulthood, the anterior iliac crest and medial end of the clavicle fuse during early adulthood.
Webb and Suchey (1985) studied a modern sample of known age individuals (605M/254F)
in the largest study of its kind at the time of publication. The observations of the epiphyseal
union of the anterior iliac crest and medial clavicle showed that female age ranges were
slightly broader than those for the males, but there was little difference between the timings
of the union (1-2 years). There was also little ancestral variation in the results, with only the

American black females having greater variability in the age distribution.

Cranial suture closure: Age estimation through cranial suture closure has had a
controversial past, with many in the 1950s finding it too variable in its estimations and
therefore problematic to use, especially for forensic casework (Singer 1953, Brooks 1955,
McKern & Stewart 1957). The belief was, at the time that the field of anthropology was
developing at such a rate that new and more accurate methods would soon be available to
use. This belief in development of techniques led to many people abandoning the method
completely, however as no new methods came forward, they got a second chance. Cranial
suture closure used in conjunction with other age estimation methods helped to narrow
down age and as such, should not be used a sole indicator of age. The resurgence of the
technique led other anthropologists to study the sutures and develop new techniques, with
Acsadi and Nemeskeéri (1970) presenting a method for use on young and middle adults
whose cranial sutures were still actively fusing at the time of death. Later developments saw
the development of techniques that used endocranial and ectocranial closure, a range of
sutures and scoring systems (Meindl and Lovejoy 1985, Masset 1989). One of the

ectocranial methods put forward by Meindl and Lovejoy (1985) seemed to offer a solution
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to some of the issues of extreme age assessment, although Lovejoy et al (1985a) warns
that the error margin can increase significantly after 50 years of age. The studies carried
out on the techniques put forward by Masset (1989) and Saunders et al (1992) found both
techniques to have a very poor performance rate, with the method by Meindl and Lovejoy
(1985) being used more frequently.

Pubis symphysis: The most studied age indicator used is the pubic symphyseal face, and
is an excellent indicator of age in young and middle age adults. The first technique devised
to use this region of the adult skeleton for age estimation was devised by Todd (1920; 1921),
who described the age related changes present and assigned the stages of epiphyseal
fusion and subsequent degenerative changes. This method of assigning the development
and degeneration to categories became the basis for many later age estimation techniques
(McKern and Stewart 1957, Gilbert and McKern 1973). It was also used in the condensed
forms of the technique described in later publications (Meindl et al, 1985h, Suchey et al,
1986; Brooks and Suchey, 1990). When used in palaeodemographic models the technique
becomes inaccurate after the age of about 40 years (Hanihara and Suzuki 1978; Meindl et
al 1985b; Lovejoy et al, 1995; 1997), due to the epiphyseal fusion of the ventral rampart
having completed at this point. Degeneration of the pubic symphyseal face is more variable
and can be affected by environmental stress, pathology and pregnancy (Saunders et al,
1992), making the technique less valuable in older individuals. When assessing
archaeological populations, it has also be noted that the pubis is less durable than the
auricular surface, with the element frequently damaged by taphonomic processes (Pfeiffer
1986, Waldron 1987a).

Auricular surface: The auricular surface of the ilium forms one-half of the sacro-iliac joint
and was assessed for degenerative changes by Lovejoy et al (1985), with the resultant
technique demonstrating that it was possible to observe changes into the sixth decade of
life (Lovejoy et al, 1995; 1997). The method involves the examination of the auricular
surface, with changes recorded for the apex and retro-auricular surface, along with the
levels of porosity, granularity, densification, transverse organisation and striations. By
scoring the level of degeneration in relation to each of these changes, it is possible to assign
an age category to the individual. By having several aspects of change to assess, the
technique itself becomes a multi-variate analysis (Lovejoy et al, 1985b; Meind| and Lovejoy
1989). The technique requires knowledge of the anatomy of this region and full
understanding of the changes that can occur, with some studies criticising the technique
due to high interobserver error rates or inability to replicate the results (Rogers, 1990;
Jackes, 1992) . The method fit with Howell 6s
that both living and extinct populations age at similar rates, making the technique suitable
for palaeodemographic studies (Konigsberg and Frankenberg, 1992). Assessments carried
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out to whether the method could be used to predict the older aged individuals, with the
results showing considerable improvement over the pubic symphysis age estimations
(Meindl et al, 1990; Saunder et al, 1992; Bedford et al, 1993).

Sternal rib ends: The use of the costochondral joints to estimate adult age has been
suggested since 1957 in a paper by McKern and Stewart. However, it was not until 1984
thatamethodfor age estimati on using the ftal (19854
b), with the method also giving information in sex related changes in the area. The method
records the rate of change from a billowing surface in the sternal end of the ribs in young

adults, to an irregular and more concave surface due to remodelling as age increases. The

met hod put forward by I Kcan has been accepte

age due to its very low bias prior to 50 years of age (Saunders et al 1992, Russell et al
1993, Dudar et al 1993). However, it should be noted that, as with the pubic symphysis, the
ribs can be influenced by taphonomic change during decomposition and as the cortical bone

layer is very thin, the sternal rib ends do not survive well in hostile conditions.

Dental attrition: Me i nd | a n d1988Bups386¢ listideéntal wéar as:

7

60é. one of the most reliable methods of
the assumption of uniform rates of attrition in the population can be

reasonably met 6

There have been numerous studies on the rate of attrition in adult dentition, a method that
was first devised for age estimation in the late 1950s by Murphy (1959). However, its origins
are much earlier; with a five level system for scoring the rate of wear on the occlusal surface

of the dentition developed by Broca (1879), which was further developed in other studies

(see Lovejoy, 1985 for an extensive 1list).

recording of dental wear patterns, but was limited by the amount of detail that could be
gained from an assessment. The method devised by Murphy (1959) allowed a more

detailed analysis, however each tooth cusp was scored individually, considerably increasing

t he amount of time needed for an assessment.

assessment of the occlusal wear on the dentition; however, its difficult application (Lunt,
1978) and lack of applicability for age estimation prevented its use for this purpose (Lovejoy,
1985). The method put forward by Lovejoy (1985), allowed for assessment of the entire
dentition using a ten-stage system for the mandible and nine stages for the maxilla. The
technique (Lovejoy, 1985) allowed for a rapid and detailed assessment, based on the study
of a hunter-gatherer population from the Libben, Ottowa County, Ohio. Although there has
been success in applying this technique to other populations with similar lifestyles, there

are cases where the amount of wear on the occlusal surface of the dentition has been
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considerably higher (Mensforth, 1990; Meindl et al, 1998). The difference in lifestyles
violatest h e 6 aisnfwmifprm rates of attritiond(Meindl and Russell, 1998), suggesting
that caution is needed when using this technique to ensure that the age assessment carried
out for the individuals from a population is not biased. Dental attrition is not only a product
of mastication, but can be increased considerably in occupations where individuals use
teeth as tools (Irish and Turner, 1987; Erdal, 2007), or for holding items for long periods of
time (Caffell and Clark, 2011). The differences in the dental attrition between foraging and
agricultural populations were reported by Smith and Knight (1984), and should be
considered when looking at the dentition from many different populations.

Non-adult age estimation

When assessing the age of non-adult skeletons, there are three categories of age
estimation methods to consider which were dental development and eruption, epiphyseal
ossification and fusion, and metric measurements. Seriation is recommended where
possible to account for any population specific variation and to minimise observer error
(Meindl and Russell, 1998). Any attempt at age estimation should aim to use all available
methods in the assessment to limit bias and error. An overview of each of the three
categories is given to provide background information on the methods used in the research
presented in this thesis.

Dental development and eruption: When working with non-adult archaeological skeletal
remains, the most reliable methods for age at death estimations are derived from dental
development studies (AlQahtani et al., 2010; Cardoso, 2006; Ubelaker, 1999). Dental
development is one indicator of skeletal maturity that is well documented. For any
individual, development of the dentition is a continuous process that begins during
embryonic life and continues until late adolescence (AlQahtani et al., 2010; Demirjian et al.,
1973; Moorrees et al., 1963a, b; Massler and Schour, 1941; Ubelaker, 1987; 1999). This
process progresses through usually two overlapping stages of development; that is, the

deciduous dentition followed by the permanent dentition.

Lewis and Garn (1960) argued that calcification rates in teeth are only minimally affected
by environmental conditions (i.e., epigenetic factors). Gorlin et al., (1964) agreed,
suggesting that dental development stages are less affected by variation in nutrition and
endocrine status. However, Cameron and Demerath (2002) suggested that epigenetic
factors could introduce some variability
pattern of dental development is recognisable across all populations and proceeds at a
reasonable and predictable rate in both modern and archaeological contexts (Stull et al.,
2014). Therefore, dental development is one of the most accepted methods for assessing

developmental age, as well as its transformation into a chronological age estimate.
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Sometimes, however, the non-adult dentition is incomplete or missing, but other skeletal

elements are preserved and can be used to assess developmental age.

There are studies that have presented the developmental stages of human dentition, using
the whole dentition and documenting the development of selected teeth, or composite
scoring to predict dental age (Moorrees et al 1963a; 1963b; Ubelaker 1989; Demirjian et al
1973, Demirjian and Levesque 1980; Gustafson and Koch, 1974). The accuracy of the
dental age estimation has been subjected to testing between populations (EI-Nofely and
|l Kcan, 1989), with the results showing t
rates, on average this is less than a year. The similarity in development rates support the
conclusion that dental development is resistant to environmental conditions, nutrition and
endocrine status (Lewis and Garn, 1960; Gorlin et al, 1964; Meindl and Russell, 1988). The
accuracy of dental aging was studied in modern populations that do not routinely keep birth

records, known as non-counting cultures, with the accuracy of the estimation provided

hat

through examination of the teeth more reli

actual date of birth (Townsend and Hammel, 1990).

Epiphyseal ossification and fusion: The ossification of the epiphyses, and subsequent
fusion, can provide an estimation of age-at-death to support the dental assessment, or in
cases where the teeth are not recovered, to indicate possible age. However, the skeletal
elements, in particular, the long bones can be subject to environmental stress, causing the
under-estimation of age due to retarded growth (Johnston and Zimmer, 1989; Meind| and
Russell, 1998). The consideration of ossification during an age assessment enables the
anthropologist to identify the developmental stage of the bones from the time of its
appearance at the centre of ossification through to fusion, with the most comprehensive
work carried out by Scheuer and Black (2000). The work carried out by Schueur and Black
(2000) expands on the studies by Fazekas and Kdésa (English translation, 1978), who
documented the skeletal development of 136 fetal individuals, ranging in age from 12-40
weeks gestation. By including the ossification and fusion rates of the entire non-adult
skeleton, rather than the long bones covered in many previous studies, the accuracy of age

estimation is increased (Stewart, 1979;

Metric measurements: Age at death is often estimated from long bone lengths due to the
simple methodology and frequent use of this material in numerous studies both from
modern data with known age (Hoffman, 1979; and Maresh, 1970) and archaeological data
with estimated ages (Primeau et al., 2012; Rissech et al., 2008). Long bones also form by
endochondral ossification, with the diaphysis developing from the primary centre of
ossification. Therefore, diaphyseal lengths can be used to assess developmental age.
Relative to the remaining postcranial skeleton, the humeral and femoral diaphyses are
commonly recovered from archaeological contexts due to their robust nature. Although the
20
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use of metric measurements has the same issue with under-estimation of age due to growth
interruption, it is still a valuable tool when estimation the age of incomplete remains.
Thorough analysis of the material, including radiographs to assess whether stress related
pathologies are present, should enable the anthropologist to provide a justified age
estimation and limit the impact of bias (Wood et al, 1992).

Diet and nutrition

Dietary analysis using carbon and nitrogen isotopes can give an indication of poor diet and
nutrition, or an excessively rich diet, which can lead to a number of pathological conditions,
such as gout or diffuse idiopathic skeletal hyperostosis (Aufderheide and Rodriguez-Martin,
1998). The historical literature gives information on of periods of unrest or violence, which
would increase the demands on the population. For instance, at the parish of St Owens in
Gloucester, the siege in 1643 led to many losing their homes due to the clearing and firing
of all grounds outside the city walls (Herbert, 1988). This movement of the population would
have led to many losing possessions and income from businesses, the destruction of crops
and farmland, and the increased risk of infection for those now being confined to close living
quarters in the city. Poor sanitation would have led to increased bacterial levels and
therefore risk of infection. Space would have to be shared with livestock, which would have
been kept alive to prolong the length of time the city could survive during the siege before
the townsfolk began to starve.

Poor nutrition can lead to increased levels of stress and infectious disease, which often
leave their mark on the skeleton, enabling the palaeodemographer to understand the
increase in at-risk age groups during specific life stages. Conditions such as cribra orbitalia
and enamel hypoplasia (linear or pitting) have been linked to periods of nutritional or
environment al stress within an individua

remains as an injury or illness (Roberts and Manchester, 2010).
1.2.3. Decomposition processes

To understand the factors affecting the demographic analysis, as well as the biological
attributes of the skeletal framework, the extrinsic conditions of the depaosition or burial site
need to be addressed. In order to do this, the stages of decomposition need to be

understood and taken into account.
The stages of decomposition

The aim of forensic taphonomy is to establish post-mortem interval, determine the cause
and manner of death, locate clandestine burials and identify the deceased (Haglund and
Sorg, 1996; Sorg and Haglund, 2001). It involves the understanding of the deposition site,

the changes made to that site when the deposit is added and how the site will affect the
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decomposition of that deposit. With a range of taphonomic research facilities looking at the
decomposition of human remains in the USA (n=6), Australia and Amsterdam, and animal
substitute decomposition centres in the UK, the understanding of the decomposition
processes is increasing. However, forensic taphonomy research most often deals with the
decomposition processes surrounding the soft tissue rather than the osseous remains, most
likely due to the timescales required for experimental studies on bone.

To aid in consistency across the field of forensic taphonomy, as suggested by Payne (1965),
the process of decomposition is listed as comprising of six main stages: fresh, bloated,
active decay, advanced decay, dry and remains. The decomposing remains can affect the
surrounding soil and vegetation, initially causing the death of plant life in the area
surrounding the burial due to the large quantities of decomposition fluids and the smothering
of underlying plants (Towne, 2000). This phenomenon has been termed the Cadaver
Decomposition Island (CDI). If the burial is placed on flat ground that has a low water table
and is relatively sheltered, then the formation of a CDI in the immediate area will occur. If
the body is placed on a slope, the water table sits relatively close to the surface, or the burial
is in open ground and subjected to the elements, the CDI is likely to trail away from the body
as the leachate plume drifts. This process causes a change to the soil chemistry and
biology, enabling these changes to be detectable in soil samples taken during the search

for clandestine burials, or when collecting evidence from crime scenes.

Fresh: Following death, the internal aerobic microorganisms in the body deplete the
surrounding tissues of oxygen, causing the onset of autolysis (Gill-King, 1997). The removal
of the oxygen produces the optimal conditions for anaerobic microorganisms who work to
convert lipids, proteins and carbohydrates into gases and organic acids. At this point the

body, microorganisms in the soil and ovipositing flies form the CDI.

Bloating: This is the start of putrefaction, which is characterised by the bloating of the
cadaver, a colour change to the skin, and a distinctive odour. As the fluids and gases build
up in the body, the cadaveric openings (such as, the nose, mouth and anus) provide a path
for escape, enabling them to flow into the soil. The integrity of the skin is compromised by
both the feeding activity of the maggots and the bloating cause by the build-up of gases
within the body. This stage continues until the body ruptures due to the internal pressure,
releasing both decompositional fluids and gases trapped within, and allowing oxygen back
into the body, allowing aerobic microorganisms to begin the process of decay. The CDI now
contains the developing maggot masses and decomposition fluids as they leak from the

cadaveric openings.

Active: The active decay stage is the most active in terms of visitors to the cadaver. With

an influx of insects and scavengers feeding on the remains, the remains can be quickly

stripped of soft tissue. Insect and scavenger activity can represent the largest loss of mass
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during the decomposition process. However, like the other stages, there are many factors
affecting the length of this stage and the time taken to get there. The time of year,
temperature, climate, exposure to moisture, oxygen, and deposition site can all influence
the rate and process of decomposition. How long it takes insects to arrive at the cadaver
will also have an impact on scavenger activity, with early onset of insect activity limiting the
available food supply (DeVault et al, 2004). Dependent on the time of year will also influence
the arrival and succession or organisms visiting the cadaver, with winter months restricting

insect activity (Putman, 1983).

The active decay stage also provides the largest contribution to the developing leachate
plume, which formed through the loss of decomposition fluids from the cadaver. The small
islands that formed during the previous stage often form a single CDI at this point, which
will be evident in the death of the surrounding vegetation that can continue for at least 3
months depending on the initial mass of the cadaver (Carter and Tibbett, 2008). As the

maggot masses migrate away from the cadaver, the process moves into advanced decay.

Advanced decay: As the cadaver moves into the advanced stage, the abdominal cavity
will cave in due to the loss of fluids and the extensive maggot activity in this area. Bone
exposure in areas of moist decomposition will be observable and if there is sufficient
moisture, there may be adipocere formation. In dry environments, the tissues may begin to
mummify, either partially or fully. There have also been cases where there has been
differential decomposition, leading to a combination of skeletonised and mummified
remains. The CDI during advanced decomposition comprises of soils with high carbon,

nitrogen and nutrient content and a raised pH (Vass et al, 1992; Towne, 2000; Carter, 2002).

Dry: During this stage, only the skeleton, cartilaginous material and other materials such as
hair and nails remain. The process now occurs at a much slower rate than before, although
there is still some dependence on microbial activity. There is not much information on the
CDI at this stage, most likely due to the transition between these stages not being very

clear, with many publications mentioning a dry stage but then not commenting on it.

Remains: This stage is complete skeletonisation, the cartilaginous tissue no longer
remains, and the bones may be starting to break down due to the surrounding burial
environment. Skeletal breakdown could be due to bleaching by the sun if the remains lie on
the surface, or exfoliation from soils or other abrasive substances in contact with the bones.
The shift into the remains stage is thought to occur when noticeably increased plant growth
occurs around the CDI, due to the nutrient rich environment created by the process of

decomposition.

Much of the research on decomposition has been carried out in the initial stages of the

process, most often eliminating the dry and remains stages, with research on grave soils
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focusing specifically in this area. The gap in knowledge is most likely due to burials being
located after the initial stages of decomposition are complete, which has resulted in a lack
of understanding regarding the specific mechanisms that affect the CDI when moving from
one stage to the next.

1.2.4. Factors affecting decomposition

The majority of work on the rate of decomposition reported in the literature compares those
deposited above the ground and those buried within the ground. The body of an individual
in a temperate zone can be completely skeletonised within 1-2 years. However, burial in
soil can significantly slow down this process, with the time taken to skeletonisation being
decades. The rate of bone deterioration can also differ significantly depending on the site

of deposition, with skeletal remains discovered centuries after burial at some sites.

Placing a body in an open area, which leaves it exposed to the elements and scavengers
will increase the rate of decomposition. Alterations to the body following death, through
cultural or religious burial practices (such as mummification, burning, placing the body in a
cave, or burial below the ground), will provide differing rates of preservation on the skeleton
(Griffin, 1982; Duday and Masset, 1987; Crubezy et al., 1990; Binant, 1991; Castex et al.,
1996; Masset, 1997; Bello et al, 2001; 2006).

It is important to note the environmental conditions of the site undergoing excavation and
the condition of any coffins housing the skeletal remains. Careful assessment of the burial
matrix enables the archaeologist to take the correct measures when unsealing what looks
like an intact burial. Decomposition in a coffin can be affected by the place of deposition;
those buried in a vault will decompose at a faster rate than those interred in the soil. The
rate of decomposition of a coffin burial in the soil will be dependent on the depth of the

burial, soil chemistry, height of the water table, and permeability of the ground.

Skeletal evidence of coffin internment can be provided by the differential preservation of the
skeleton, causing excessive erosion to the bones with a thin cortical bone layer, or in the
contact with the base of the coffin. Many of these areas are quickly exposed following the
loss of soft tissue, as the decompositional fluid will sit in the bottom of the coffin increasing
the rate of microbial activity in this area. The loss of surrounding tissue leaves the underlying
skeletal framework unprotected and therefore subject to taphonomic influence. Information
regarding the placement of the skeleton during interment can be inferred from the skeletal
remains, as those elements in the base of the coffin or casket will display a higher rate of

erosion.

Coffins made from metal (such as iron or lead) can significantly delay the process of
decomposition, resulting in burials that took place nearly 150 years ago being perfectly

preserved upon excavation. One example is an iron coffin burial discovered in San
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Francisco in May 2016, which contained the perfectly preserved body of a girl holding a
rose. The girl was identified as Edith Howard Cook who died aged two years, ten months,
on October 13™ 1876 of undernourishment. Her burial took place two days after her death
at the Old Fellows Cemetery, which was in use from 1866-1905. In 1933, the clearance of
the cemetery began, with all burials moved to the Greenlawn Cemetery in Colma, however
it appears some burials were missed (KUTV, 2017).

Iron coffins were used mainly in the USA, in the late 19" century as a means to enable the
viewing of the deceased prior to burial (Little et al. 1992; Owsley and Mann 1992). However,
there are occasions where the closing of the coffin has not completed the seal, leaving the
body vulnerable to the entry of air, water, bacteria and mould (Owsley and Compton, 1997).
The type of coffin should be taken into consideration when determining the impact
taphonomy has had on the skeletal remains, with wood, lead or iron coffins, as well as stone
or metal sarcophagi all providing different burial environments (Bello, 2001). Although iron
coffins were not typically used in the UK, the use of wooden and lead coffins has been
common in British history, with the issues that affect decomposition of the body in iron
coffins being mostly similar to those of lead coffin burials. There has been little published
literature on decomposition rates in coffins and osseous remains. Therefore, the process
documented by Owsley and Compton (1997) is detailed here to offer insight into the
taphonomic changes the body may undergo during decomposition in an iron coffin

environment.

The burial of a coffin into the soil will slow down the rate of decomposition more than that
of an internment in a vault or crypt, with the type of soil, depth of burial and hydrology
affecting the rate of decomposition further still. A correctly sealed coffin can significantly
slow down the rate of decomposition, with embalming extending this process even more. If
air and/or water manages to get into an incorrectly sealed or damaged coffin, the normal
decomposition process will begin, with the inclusion of mould due to the moisture present.
Fungal and mould growth can be encouraged by the dark and damp environment in the
coffin, with the staining left by its presence remaining on the bones long after the coffin itself
has disappeared (Berryman et al, 1996). The bone of coffin-interred individuals will be
darker in colour than those buried directly into the soil, with the bone a dark brown in lead
coffins, and almost black in iron coffins. The cause of the discoloration is unknown, but
Owsley and Compton (1997) theorise that it could be due to the leaching of elements within

a metal-based coffin.

Periodic wet and dry conditions in a coffin burial can be present due to the decompositional

fluids and fluctuating water tables, leading to the outer layer of cortical bone flaking. This

phenomenon occurs when the outer cortical bone surface is subjected to wet conditions

prior to the inner, deeper layers of cortical bone. Conversely, the surface will dry at a faster
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rate than the inner layers too, causing the bone to expand and contract, which leads to
flaking of the surface along the natural lines of cleavage provided by the lamellar bone
(Berryman et al, 1996). Other evidence of coffin burial includes the presence of mould or
fungal growth, preservation of hair or skin, differential decomposition, and fracture of the
cribiform plate. Even in cases where the coffin appears to be intact, there can be significant
decomposition, with the remains being reduced to a skeleton, with only patches of leathery

skin and hair remaining.

Embalming can further affect the process by delaying the onset and altering the pattern of
decomposition in the body. The upper body tends to decompose more rapidly than the
appendages in natural burials, whereas it is the appendages that tend to decompose
quicker in embalmed burials (Bass, 1995). The difference in decomposition patterns are
due to the embalming fluid dispersal pattern and the techniques being used to pump the
fluid around the body. The appendages are more difficult to embalm than the head and
thorax, resulting in lower quantities of the fluid reaching these areas and leaving them more
likely to decompose at a faster rate. Conversely, as the head and thorax become saturated
with the fluid, the brain can often dehydrate in a dry coffin environment, becoming a solid

dark mass enclosed within the cranial vault.

Those that are placed in crypts or vaults can undergo mummification or putrefaction,
depending on the season and adequate ventilation being present (Madea and Kernbach-
Wighton, 2017). Mummification occurs as the water in the body evaporates due to continual
airflow and a lack of moisture in the surrounding environment. The skin becomes leathery
in appearance, dry and hard, with the body held in the position it was placed in during the

burial ritual. If the individual died and subsequently discovered in a mummified state, then

the body position can provide information

can take several weeks before it is detectable, although the process will begin a few days
following death, given that the body is placed in a warm, dry and well-ventilated area, free
from humidity (Madea and Kernbach-Wighton, 2017).

1.2.5. Taphonomy i extrinsic factors

Taphonomic analysis covers both the ability of the bone to resist diagenesis (intrinsic
factors) and the environmental influence exerted on the bone (extrinsic factors), both of
which determine the ability of the bone to survive long term (Manifold, 2013). In a study on
French cemeteries, Bello and colleagues (2006) suggested that human remains were more
damaged under stronger taphonomic pressures, leading to the conclusion that bones that
have a low bone mineral content and high percentage of cancellous bone are more affected
than others are. Bone preservation is a complex issue and should be treated with caution

when trying to establish if, and to what degree, it influences the skeletal remains of non-
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adults. It is important factor in both archaeological and forensic contexts, where many post-

depositional factors are active.

It is not as simple as considering the extrinsic factors as separate from the intrinsic, it is the
interplay between the two that determine the preservation rate of the osseous material. The
porosity of the bone can be an important factor to consider when assessing the impact of
groundwater intrusion to a grave. There are three hydrological environments to consider
with groundwater: diffusive, recharge and flow (Millard, 1993). Diffusive environments have
limited water movement, this could be due to waterlogging or where soil are not permanently
saturated (Manifold, 2013). Recharge is a continual process of wetting and drying cycles,
which can increase the porosity of osseous material, and flow is affected by seasonal factors
and rainfall (Hedges and Millard, 1995). In environments where there is little water
movement and high concentrations of calcium and phosphorous, bone can be well
preserved and survive for long periods. However, if water movement is increased, it can
lead to greater dissolution caused by the weakening of the protein-mineral bonding, which
leads to increased porosity and subsequently the breakdown of bone (Von Endt and Ortner,
1984; Nielsen-Marsh and Hedges, 2000)

Soils

Post-mortem physical and chemical deterioration caused by burial practise, soil
characteristics, water table height and permeability of the soil, climate, weather patterns
and the depth of the burial are all extrinsic factors that play a role in the decomposition of
skeletal material. With the noted vulnerability of non-adult skeletal remains, hostile
conditions will increase the risk of demographic bias due to the under-representation
(Gordon and Buikstra, 1981; Walker et al., 1988; Walker, 1995; Mensforth, 1990; Mays,
1998; Stojanowski et al., 2002; Nagaoka and Hirata, 2007).

Soil is classified as clay, silt, sand and gravel, depending on the particle size present, and
comprise of a mix of organic matter, minerals, water and air (Janaway, 1996). Gordon and
Buikstra (1981) reported that the biggest influencing factor on the preservation of bone is
soil pH, with poorer preservation noted in acidic or strongly alkaline soils and good
preservation in soils with a neutral or slightly alkaline pH. The particle size can also influence
the preservation of skeletal remains, with those in locations with a high sand or gravel
content also being poorly preserved, especially if coupled with an acidic pH (Henderson,
1987; Waldron, 1987b; Janaway, 1996). Henderson (1987) states that the speed of
decomposition can be increased in light porous soils, whilst dense clay will inhibit
decomposition. Burial depth is also a factor with deeper burials being less well preserved

due to waterlogged clay (Henderson, 1987).
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Walker et al (1988) noted that the number of recovered non-adult skeletons was far lower
than the expected number at one of the sites he studied, with just two out of eleven expected
burials recovered. The poor preservation of the remains was attributed to the presence of
sandy soil in the cemetery, which had an acidic pH. Acidic profiles can contribute to the
weakening of the protein mineral bond, increasing the diagenesis rate of the skeletal
remains (Walker et al, 1988). When compared to the excavations at a second site with
higher rates of preservation it was noted that the non-adults and the elderly were the least
well preserved, though no details of the soil conditions were provided (Walker et al, 1988).

Bone consists of organic and inorganic components, which are preserved at opposing pH
levels (Mays 1998). Acidic soils will cause the loss of hydroxyapatite, or the inorganic portion
of the bone, leaving the organic collagen exposed to other taphonomic variables due to the
loss of the protein-mineral bond. If there is sufficient water movement in the soil, this will
then breakdown the organic portion of the bone. Soils with a neutral or alkaline pH provide
better rates of preservation, although as soil pH is not the only contributing factor to the
diagenesis of the osseous material, there have been cases where high rates of poor

preservation have occurred here too (Henderson, 1987; Locock et al, 1992; Ferllini, 2007).

However, there have been a number of cases where the soil characteristics and resultant
bone preservation do not follow the expected pattern (Henderson, 1987; Waldron, 1987b).
Preservation can vary across sites too, with some areas of the cemetery being well
preserved, whereas others are badly degraded (Henderson, 1987; Nielsen-Marsh and
Hedges, 2000). Despite this huge variation in bone preservation, and the evident need to
describe the bone preservation at each site, there is little standardisation in the
archaeological literature on the preservation of bone (Garland and Janaway, 1989). The
preservation rates can vary from one grave to another and within a single grave, leading to

the differential decomposition of a skeleton.

Manifold (2012) informs that the geology of the United Kingdom is complex, so the
preservation of bone will differ from one site to another due to the varying types and
amounts of soils/rocks in each region. In East Anglia, eastern and southwest England, the
calcareous soils are, in general, more alkaline in nature, and can result in mixed
preservation levels, although in burials where the soil has a high pH, the remains will be
well-preserved (Brothwell 1981; Ferllini 2007). The gravel and chalk areas of southern
England consist of well-drained soils with a neutral pH, although again mixed preservation
has been noted here (Manifold, 2013). Well-mixed aerated soils are formed through an
increase in microbial activity, leading to the breakdown of organic matter and resulting in
poor preservation (French, 2003). This breakdown could occur because of the

decomposition of the soft tissues as increased microbial activity releases organic acids
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(Child, 1995). This leachate may still be present in the soil during excavation, so caution is
advised when collecting soil samples from a grave, with controls taken from an area of
known natural geology/geology nearby for comparison. A podsol is an infertile acidic soil
having an ash-like subsurface layer that underlies coniferous or heath vegetation. The
minerals have been leached from the soil, which lends to its grey colouring. These soils
occur in high frequency in Scotland and Northern England, with a tendency to be thin, acidic
and wet (Manifold, 2013). Although acidic in nature, these soils do not negatively influence
osseous preservation (French 2003; Henderson 1987). Peat environments are also highly
acidic, yet have yielded burials with excellent rates of preservation due to the lack of
microbial activity (French, 2003), examples of which include the Bog bodies of the Bronze
Age. There have been disagreements with the claim that pH is the main controlling factor
in the preservation of osseous material (Locock et al, 1992), especially with the

contradictions to that statement presented by many sites in the literature (Manifold, 2013).

Bioturbation

Bioturbation is the intrusion of plant or tree roots, rodent burrowing or worms into the grave
causing the disturbance of the burial and providing added pressure to the intrinsic factor for
the bone. To gain a greater understanding of the extrinsic factors affecting the bone,
histological analysis may be useful in detailing the taphonomic impact. Histological analysis
has previously been used to determine age at death (Kerley, 1965; Kerley and Ubelaker,
1978), pathology (Paine and Brenton, 2006a; b) and taphonomic changes to the bone
(Garland 1987; Hanson and Buikstra 1987). The disturbance of bone within a grave will
scatter the remains throughout a larger area, even with a burial in the soil. Small burrowing
animals, worms and roots could displace teeth and other small bones as the pass through
the burial, taking these elements outside the grave cut, making complete recovery more

challenging for the excavator (Henderson, 1987; Buckberry, 2000).
Burial depth

Differences in burial depth could be due to how individuals are valued in the community,
with those under the age of 12 unlikely to be contributing significantly in the home, possibly
resulting in shallower burials. Those who are seen to be of more value and importance,
such as adults, and in some cases adolescents, may have been buried deeper (Lucy, 1994).
From the Anglo-Saxon period onwards, there has been a shift in the number of non-adult
burials found in cemeteries, with burial depth noticeably increasing from the medieval
period, most likely due to the increased importance on the burial of non-adult remains by
the Christian Church (Lucy, 1994).

One theory put forward for the shallow burial depth given for non-adult burials is the difficulty

in digging small, narrow graves to the same depth of the much larger adult burials. This
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behaviour is seen in clandestine burials, where the perpetrator of a crime will dig a shallow
grave, as it is more practical than burying a body at greater depths (Vass et al, 2008).
Although the gravediggers would not have had the same time constraint as an individual
carrying out an illicit burial, the difficulty in digging such a small area to a depth in excess of
one metre would be challenging. If this is the case, and not considered as a possibility
during excavation, then it could be interpreted as a difference in burial rite (Buckberry,
2000). The shallow nature of the burial will not only leave the non-adult vulnerable to
scavengers, especially where embalming has not been carried out (Rodriguez, 1997), but
also damage by ploughing if the land was used for agriculture after the closure of the
cemetery. Machine stripping for the archaeological excavation to take place could also

damage, and in some cases, completely remove non-adult burials (Scull, 1997).

Other studies have also noted that the shallow burial depth of non-adults could be possible
cause for poor preservation (Manifold, 2013), with it suggested that this was due to them
being exposed to a greater range of taphonomic factors (Acsadi and Nemeskéri, 1970).
However, some sites have found the opposite, with the shallow burials of non-adults having
better preservation than those buried at greater depths (Manifold, 2013). Bello et al (2006)
also argues against this, reporting cases where there has been differential preservation of

non-adults buried at the same depth.
Collection, cleaning and curation

Alongside the potential for missing bones during excavation, the cleaning and curation of
bones can also result in the loss of remains (Henderson, 1987; Galloway et al, 1997).
Frequent loss of loose teeth, hand and foot bones, vertebral bodies and unfused cranial
bones occur in the laboratory, which will especially affect the age estimation of non-adult
remains. Therefore, the amount of information that can be gained from the skeletal analysis
is not only dependent on the preservation state of the remains (Bello et al, 2006), but also
on the excavation, recovery, cleaning and curation processes that take place following

discovery.

The scarcity of previous research on rural medieval populations (1066-1485 AD) has
resulted in a dearth of information regarding population demographics from this period.
Documented medieval, rural palaeodemographic studies are rare when compared to the
extensive information available in the literature for urban sites (Connell et al., 2012; Lewis,
2002). The reasons given for this include the lack of archival documentation, under-
representation of non-adult material, the poor preservation of the material recovered and
poor excavation techniques (Lewis and Gowland, 2007). Furthermore, urban sites are more
likely to be disturbed due to continued development in towns and cities, as demand for

prime, central locations for businesses continues to increase.
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The interpretation of poor preservation is often considered the recovery of incomplete
human skeletal remains and recorded as a percentage of the skeleton retrieved. However,
it would be better to describe the bone retrieved as well, or poorly preserved, regardless of
the percentage of skeleton recovered as factors such as truncation or secondary burial
could result in the loss of elements (Bello et al, 2006). It would be worth noting that
description of well-preserved bone can vary, as there is no standardisation in the methods
and description used. For example, the description of a well-preserved skeleton may mean
a complete skeleton with 6 s mdubortical bone and no fragmentation for one population, but
include truncated remains with preserved metaphysis with sound cortical bone and minimal
diaphyseal damage at another site (Bello et al, 2006). By using a standard technique for
recording the preservation of human remains across all sites, allows comparisons between

preservation rates to be assessed.
1.2.5. Taphonomy - intrinsic factors

Gordon and Buikstra (1981) pointed out that when differential preservation is present, and
therefore, the loss of skeletal information has occurred, it is not possible to estimate the

levels of bias in preservation between age and sex at any given site. Where it is not possible

to estimate age or determine sex due to the preservation of the osseous remains due to
diagenesis, incomplete excavation and recovery, it limits the value of that site when
compiling the demographic profile. The excavation of skeletal remains should give an
indication as to the potential of bias occurring by the cursory examination of the burial pit,

grave, articulations and cortical surface of the bone. The survival of the teeth and skeletal
framework 6éis a function of mechani cal di sp
(Gordon and Buikstra 1981).

Age

When considering the intrinsic factors placed upon the non-adult remains, aside from the
previously discussed issues of size and poor mineralisation, there are many other potential
influences to consider when looking at the influence of age on diagenesis (Manifold, 2010;
2012). Non-adults are smaller in size, and the bones unfused, making disarticulation and
scattering by scavengers much easier, due to the limited resistance at joints (Waldron,
1987b). The soft tissues will decompose at a faster rate, exposing the skeletal framework,
leaving it vulnerable to the elements. The poor mineralisation will result in the skeletal
framework being more vulnerable to bioturbation from roots. Areas with thin cortical bone
and high levels of trabecular bone are particularly vulnerable, with the ribs, sternum,
vertebrae and epiphyses all being particularly affected. Mays (1991) noted that the
resistance of soil erosion in the non-adult vertebrae is higher in the lumbar region and lower

among the cervical vertebrae. Hand and foot bones are also poorly represented, though
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this may also be due to the small size and a lack of developmental non-adult anatomical
knowledge. Areas with a high quantity of cortical bone are better represented,
demonstrating a higher resistance to the extrinsic factors present. It should be noted that
although similar patterns have been noted elsewhere, the pattern of preservation would
vary from site to site (Waldron, 1987b).

Previous excavations have found that preservation can increase with age. The osseous
remains of non-adults tend to be less well represented and well preserved than adults, even
when there is a range of preservation shown for non-adults, males and females (Bello et al,
2006). It has been suggested that as non-adult remains survive well from some time
periods, that this may not be a case of the developing bones having a lower mineral content
and therefore more likely to undergo diagenesis at a faster rate (Lucy, 1994). Differences
in burial depth, burial type and practice, or location within the cemetery could all lead to
differential preservation of the remains and the rate of diagenesis (Lucy, 1994, Crawford,
1999; Buckberry, 2000). The burial rites may have differed from those accorded to adults,
which again would imply that they are viewed differently to the adult members of the
community (Crawford, 1991; Lucy, 1994). From the Anglo-Saxon period, the number of non-
adult remains in burial grounds have increased, which may be due to a change in cultural
practices or beliefs (Lucy, 1994; Buckberry, 2000). However, the differential treatment of
non-adult remains still exists today, with non-adults not regarded as fully human until they
have passed a particular developmental stage (Tooley, 1983; Smith and Kahila, 1992;
Buckberry, 2000).

The under-representation of non-adults due to differing burial rites, recovery rates or
taphonomic conditions can have a significant impact on the resultant palaeodemography
(Buikstra and Konisberg, 1985). An under-representation of non-adults will affect the
survivorship figures of the adult population, supporting the need to ensure that all non-adult
burials are accounted for in the demographic analysis. Many studies that have surmised
that this due to the bones of non-adults being poorly mineralised and therefore, more
vulnerable to diagenetic changes than adults are. However, few studies have combined the
anthropological and taphonomic research to better understand whether this is due to
vulnerability the of non-adults remains or if there are other factors involved which would
influence osseous diagenesis at the same rate regardless of the age at death of the

individual.

Skeletal assemblages typically fall within two groups when assessing sites with
unfavourable conditions: those that can provide a demographic profile and those that
cannot. At sites with unfavourable conditions that are causing the rapid diagenesis of the
osseous material, all skeletons will be affected, not just the non-adult or elderly age groups.

At such sites, it would be as difficult to recognise and age an adult skeleton as it would a
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non-adult, as the extrinsic factors would affect the bone in the same way (Sundick, 1978;
Saunders et al, 1992). The intrinsic factors determine the speed at which the breakdown of
the osseous occurs. Many papers focus on the preservation of the skeletal elements rather
than the teeth, which are primarily used to age non-adults. However, the calcium phosphate
enamel layer is the hardest tissue type within the human skeleton, and therefore more
resistant to breakdown than the bones of the adult skeleton. Caution should be taken here
though, due the small size and the high probability that non-adult teeth will be lost if the
archaeologist does not follow protocols for the excavation and sieving of all soils removed
from the ground.

It is clear when comparing the mortality profiles from historical documents with those
derived from skeletal samples that there are significant differences in the resultant mortality
profiles. The differences could be due to poor osseous preservation resulting in lost data,
truncation or incomplete excavation, which also limits the preservation resulting in the loss
of elements. However, regardless of the reason for the limited preservation of an individual,
the outcome remains the same: an inconsistency will occur between the documented,

exhumed sample and the original, buried population (Bello et al, 2006).

The concentration of non-adult burials within a separate area of the cemetery or outside the
cemetery boundaries may subject the skeletal remains to different taphonomic influences
and therefore affect the preservation rates (Guy et al, 1997; Murail, 1996; Bello, 2006). The
issue of non-adult graves being missed during the excavation process should not occur if
stratigraphic excavation is carried out over the whole site, leading to questions as to whether
this is a justifiable theory (Buckberry, 2000). However, it was noted during the Winchester
Minster excavations that certain excavators recovered a lower number of non-adult burials
despite a high frequency being present at the site (Buckberry, 2000). Buckberry (2000)
surmises that non-adult bones are not only smaller, but also more porous, with a higher
collagen content than adult bones. This increased collagen content makes them more
susceptible to diagenesis in acidic soil (Gordon and Buikstra, 1981). Gordon and Buikstra
(1981) carried out a study on the rapid disintegration of bones with a low mineral
component, finding that non-adult remains can undergo full diagenesis at marginal pH

levels.

The excavations at Christ Church, Spitalfields, resulted in high numbers of well-preserved
non-adults, leading Lucy (1994) to question the preservational bias of high collagen levels.
However, the issues with the argument here is that the Christ Church burials were recovered
from an 18" century crypt (Molleson and Cox, 1993), which would have presented a very
different depositional environment and therefore is not comparable to those interred in the
ground. A crypt would provide protection from the soil, bioturbation and water, while
subjecting the remains to increased airflow, more likely resulting in preservation of
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mummified soft tissue.

Sex

As discussed previously (see previous subchapter on age), there is a marked difference
identified in some sites when considering the preservation of non-adult remains. However,
it has also been noted that there can be differential preservation between male and female
non-adult skeletons dependent on the age of the individual. The difference in preservation
could due to the intrinsic factors of the bone changing as due to the different occupational
and lifestyle pathways between males and female, leading to increased resistance to

extrinsic factors in the more robust male skeleton (Bello et al, 2006).
Pathology

The presence of pathology can increase the rate of decomposition, as the damage to the
bones can increase the accessibility of microorganisms (Manifold, 2013). Metabolic
diseases, which cause the breakdown of bone and increasing the porosity, can also lead to
higher rates of decomposition (Henderson 1987; Breitmeier et al, 2005).

The cemetery of St Helen-on-the-Walls has a demographic profile that represents an
attritional cemetery, with the low numbers of infants suggested as being due to the exclusion
of unbaptised infants from the cemetery and a high rate of adult immigration (Grauer and
Roberts, 1989). However, the large number of juvenile deaths (up to 12 years) was noted
as being unusual given that those which survive the first 0-4 years, the risk of dying at 5-9
is much lower, and 10-14 even lower still (Brothwell, 1987). St Helen-on-the-Walls was an
urban medieval site, with the skeletal analysis revealing the poor diet and squalid conditions
present, which most likely led to the high rate of infection and therefore increased mortality
risk. Although the non-adult population displayed fewer skeletal stressors than the adult
population, Grauer (1989) suggested that the non-adults were more likely to succumb to
the ilinesses before changes occurred in the skeletal framework. The conditions reported
at St Helen-on-the-Walls, were reported at other urban medieval sites (Sabine, 1933, 1934,
1937; Knusel, 1989; Dyer, 1989), suggesting that the demographic profile produced for
urban environments is likely to differ from rural sites. An alternative explanation for the high
number of non-adult death was the preferential burial at St Helen-on-the-Walls due to lower
costs for burial when compared to the surrounding parishes in York (Margerison and
Knusel, 2002).

Activity markers

Musculo-skeletal markers can also give information on lifestyle, levels of activity and in
some cases, indicate possible occupations (Capasso et al, 1999). The pattern of

degeneration in the skeleton may be indicative of mechanical loading on particular joints
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lending more support to lifestyle interpretation. The study of the dentition can provide
information about diet and health, but also a wealth of information about tooth use in a
population. By assessing the level of wear (attrition), calculus and macroscopic damage to
the teeth, it is also possible to gain an insight into the cultural and occupational practices
within a population. Teeth have been used as tools in a variety of occupations, from leather
working (Irish and Turner, 1987) to yarn making in the 10" century Kovuklukaya females
(Erdal, 2007). Cultural habits such as pipe smoking have also left their mark on the dentition,
especially where the pipe has been held between the teeth for long periods of time (Caffell
and Clark, 2011). Smith (1984) looked into the difference in tooth wear of those from
different lifestyles, finding that foragers tended to have an even wear pattern, whereas
farmers tend to display cupped wear on the occlusal surface, though the level of this wear

was much less than the foraging group (Larsen, 1995).
1.3. Aims and objectives

A number of medieval sites in England have undergone population studies, including
Fishergate in York (Sullivan 2004), Raunds Furnells in Northamptonshire, St Helen-on-the-
Walls and Wharram Percy in Yorkshire and Christ Church Spitalfields in London (Lewis
2002). However, the most extensive palaeodemographic research has been carried out on
urban sites, as it is believed that rural sites tend to be limited by the amount of material
recovered (Mays et al 2007). This may be due to the lack of foetal and infant remains
recovered from sites, the reasons for which are given as differential preservation rates in
the soil, infants being buried elsewhere or the remains are missed during excavation due to
their small size (Cruz and Codinha 2010, Willis and Oxenham 2013).

The assessment of the demographic profiles for two medieval cemetery sites (Poulton
Chapel and St. Owens), along with the comparison to 20 previously published sites, enabled
a more thorough understanding of the similarities and differences between rural and urban
medieval populations. Further investigation was undertaken to determine whether there is
a lack of foetal and infant material recovered from excavations or whether other taphonomic
factors may be contributing to the bias in recovery rates. The research design was adapted
for each site due to the differences in the amount of historical literature available and to

incorporate mapping techniques where possible.
1.3.1. Aims

The main aims of the research were:

1. To produce demographic profiles for Poulton Chapel and St Owens Church skeletal

samples recovered during the excavations.
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2.

To determine if there is a difference in the demographics between the skeletal
samples recovered from the medieval samples studied in this thesis, and previously

published samples from rural and urban medieval sites.

To investigate the impact intrinsic and extrinsic factors have on the
diagenesis/preservation of human skeletal remains.

To understand the influence post-mortem treatments and process have on the
resultant demographic analysis.

1.3.2. Objectives

To achieve the aims listed above the following objectives were set:

1.

Curate and analyse the samples from the Poulton Chapel (n=751), Chester
Greyfriars (n=20) and Southgate Street, Gloucester (n=312) skeletal collections,
totalling 1085 individuals.

Assess the burial conditions at Poulton Chapel and Chester Greyfriars to determine
the impact on the preservation of human bone, in particular the influence of soil,
bioturbation and water.

Carry out geoarchaeological and geochemical analyses of the stratigraphy at
Poulton Chapel and Chester Greyfriars sites to understand how the geology/soils at
the sites have influenced the preservation of the human skeletal remains.
Determine the influence soil chemistry has on the preservation of human remains.
Determine the influence of the burial environment and the potential for providing
further information through radiocarbon dating, stable isotopes and DNA analysis.
Investigate the impact of varying burial practises on non-adult human remains to
determine whether this will affect the demographic profile for the cemetery samples
studied.

Explore other taphonomic and cultural variables that could contribute to the
differences in the demographic profiles of urban and rural medieval populations.

Compare the demographic profiles from the medieval cemetery samples studied to
published skeletal collections to determine whether there is a difference between

rural and urban demographic profiles.

The aim of this research was not to present a historical background for each of the

populations, but to concentrate solely on the evidence provided by the human skeleton, the

burial environment, the time spent in the deposition environment, and its impact on the

resultant demographic profile. Therefore, the historical information for each site will be brief

to highlight the potential for comparison between different populations from the human

skeletal remains. Parts Three to Five of the thesis will contain the site reports from each of

the cemeteries assessed for this research. Part Six presents the results from the site
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comparison and issues identified during the palaeodemographic analyses. Part Seven will
discuss the finding from this research by linking back to the aims and objectives listed in

this chapter, before presenting the conclusions.
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Chapter 217 Methodology
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2.1. Introduction

With five previously unpublished archaeological sites to assess, this section presents the
methodologies used during the assessment of each of the sites prior to presenting the
results from each site to avoid unnecessary repetition. Each methodology will detail the
sites that used that particular technique, as the differing excavations and timelines required

bespoke research strategies.
2.2. Geoarchaeology

To determine the impact the geology had on the archaeology and therefore the preservation
of the burials, desktop and site based (where possible) studies were carried out at each of
the sites. Carrying out these additional assessments enabled a comparison of the natural
physical process from the underlying geology to the archaeological evidence on each of the
sites, which would further insight into the factors affecting the preservation of the artefacts
post deposition. For each of the sites, borehole data recorded by the British Geological
Survey to inform on the groundwater level and macro-stratigraphy present at each of the
field locations was retrieved. Historical research on past land use provided information on
how the archaeology had altered the landscape and the additional foreign materials that
may have been introduced to the site over time. Where possible, soil samples were
collected at designated locations during the excavation (Poulton Chapel and Chester
Greyfriars sites) to provide information on the micro-stratigraphy, which directly influenced
the preservation of the human skeletal remains. Geoarchaeological analysis was
undertaken at both Poulton Chapel and Chester Greyfriars as part of this research. As the
Gloucester excavations took place in the 1980s, it was not possible to include the
microstratigraphy data or stratigraphic sections as the site has since closed and been

redeveloped as a carpark.
2.3. Soil analysis

Where possible, soil samples were taken during the archaeological excavation process at
each site studied (with only two samples obtained from the 1989 excavation in Gloucester)
and subjected to a series of tests to try to determine the influence the burial environment
has had on the skeletal remains. Approximately 200g of soil was collected from each
location, with the specific sampling technique and results provided in the relevant section

for each site.
Sample preparation

Prior to any analytical tests taking place, each soil sample was air dried for a few weeks,
ground with a pestle and mortar, and sieved to 2mm. Any material greater than 2mm was

discarded with all soil samples subjected to the following tests.
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Soil colour determination

Using a clean metal spatula for each sample, the soil samples were compared to a Munsell®
soil colour chart to determine Hue, Value and Chroma (Munsell Color, 2000). Each sample
was compared to the chart in both damp and dry conditions and the resultant colour
recorded using the Munsell® notation of colour and associated colour name. Soil samples
were obtained from Poulton Chapel (49 samples), Chester Greyfriars (11 samples) and the

1989 excavation at Southgate Street, Gloucester (two samples).
pH determination

Strongly acidic or alkaline soils can promote degradation of the bone reducing the chance
of retrieving usable collagen for stable isotope analysis or radiocarbon dating. Each soll
sample was tested to determine the influence the pH of the soil within and between each
site. By assessing the pH levels of the surrounding soil, it allowed the potential of the
preservation of the human skeletal remains to be explored within different geological

environments.

Approximately 10g of soil from each sample was weighed using a Fisher Scientific balance
(5G-202; Fisher Scientific, Bishop Meadow Road, Loughborough, Leicestershire, LE11
5RG) and placed into a beaker with 25ml de-ionised water, mixed thoroughly and left to
settle for 15 minutes. The pH level was tested using Merck indicator strips (6.5-10.0 and
4.0-7.0 ranges, Millipore (UK) Ltd) to determine the value for that sample. All pH values
were plotted and mapped using GIS techniques, to determine if there was a correlation
between the burial properties and human skeletal remains. Soil samples were obtained from
Poulton Chapel (49 samples), Chester Greyfriars (11 samples) and the 1989 excavation at

Southgate Street, Gloucester (two samples).
Magnetic susceptibility

The magnetic susceptibility of a material is a measure of its ability to become magnetised
by an external magnetic field (Dearing, 1999). When assessing the burial environment and
its impact on the preservation of human remains, the magnetic susceptibility can help to
identify the minerals present in the surrounding substrate (particularly Fe-bearing minerals).
The measurements can be indicative of anthropogenic influence, burning or soil
waterlogging. The readings attained are assigned to one of five categories (ferromagnetism,
ferrimagnetism, canted antiferromagnetism, paramagnetism and diamagnetism),
dependent on the degree of interference the sample exhibits over the magnetic field (Table
2.1).
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Table 2.1. The five categories of magnetic susceptibility and associated examples adapted
from Dearing (1999).

Category/ 10° m® kg Level of susceptibility Minerals

Ferromagnetic Strong positive Pure iron, nickel, chromium

(69,000-275,000)

Ferrimagnetic Strong positive Some iron oxides and sulphides

(170-1100) (magnetite, maghemite, prryhotite,
greigite)

Canted antiferromagnetic Moderate positive Some iron oxides (hematite, goethite)

(0.35-1.7)

Paramagnetic Weak positive Many Fe-containing minerals and salts

(0.01-2) (biotite, olivine, ferrous sulphate)

Diamagnetic Weak negative Water, organic matter, plastics, quartz,

(-0.005- -0.009) feldspars, calcium carbonate

An empty 10cm? plastic pot was weighed using a Fisher Scientific balance (SG-202; Fisher
Scientific, Bishop Meadow Road, Loughborough, Leicestershire, LE11 5RG), then it was
packed with soil and then reweighed to determine the amount of soil used for the test
(mass). The Bartington MS2 magnetic susceptibility reader and Bartington MS2B dual
frequency reader (Bartington Instruments Limited) were used for this testing. The meter was
set to low frequency (0.46 kHz) and zeroed, before placing the sample in the meter to take
an air measurement (M1). The sample measurement was taken () prior to a second air
measurement (M2), once the sample had been removed from the meter. This test is
repeated with the meter set at high frequency (4.6 kHz) to provide two sample readings.
High frequency readings can identify samples that contain superparamagnetic
ferromagnetic crystals, which are formed by specific weathering processes (e.g. soll

formation at tropical or ancient sites, or waterlogging).

To calculate the mass-specific magnetic susceptibility (j ) of a sample, the sample (8) must
be corrected to take into account the fluctuations in air density and any affect this would
have on the sample reading. To determine the acorrected value the following equation was

used:
a (corrected) = sample a1 (M11 M2)/2)

The o corrected value could then be used to determine the mass-specific magnetic

susceptibility:
(j ) 10°% m® kg* = (e (corrected) / mass) / 10

These calculations were carried out on all samples at both low (; .r) and high frequency
(i nr) settings to enable the calculation of frequency dependence in the sample. This would

inform whether there were superparamagnetic grains present in the soil sample:

}a%= (G r- § 1) / § LF) X 200
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Sample frequencies were then compared to the guidelines given by Dearing (1999) which

are shown in Table 2.2.

Table 2.2. Interpretation of frequency dependent (fd) susceptibility values as given by Dearing
(1999).

fd% Code Value Interpretation

Low § td% 1 <2.0 Virtually no (<10%) superparamagnetic grains

Admixture of superparamagnetic and coarser non-
superparamagnetic grains
High § td% 3 10.0-14.0 Virtually all (>75 %) SP grains

Rare values, erroneous measurement, anisotropy,
weak sample or contamination

Medium } fdo 2 2.0-10.0

Very high } fa% 4 >14.0

The interpretation of the values obtained from this analysis were coded from 1-4, dependent
on the classification of the sample, to enable statistical analysis on both the raw data values
and the subsequent interpretation. Soil samples were obtained from Poulton Chapel (49
samples), Chester Greyfriars (11 samples) and the 1989 excavation at Southgate Street,

Gloucester (two samples).
Field portable x-ray fluorescence analysis on soil

X-ray fluorescence (XRF) was used to determine the elemental composition of the soil from
each site. By determining the elemental composition of the soil and the skeletal material
(see Section 5. Cemetery sample analysis i field portable X-Ray fluorescence), it may
possible to determine the elements being lost from the skeletal remains and dispersing into
the surrounding burial medium. If this is possible, combined with the results from other soil
analyses, it may enable the understanding of the potential impact each burial environment
has had on the skeleton. ArcGIS mapping will allow the potential for further testing to be
assessed, using the parameters from the soil matrix to highlight areas of good and bad

preservation.

Approximately 10g of soil from each sample was weighed using a Fisher Scientific balance
(S5G-202; Fisher Scientific, Bishop Meadow Road, Loughborough, Leicestershire, LE11
5RG) and placed into small bags. Each sample was scanned three times with the Genius
9000 XRF analyser (Skyray Instrument Inc. Optech Solution Ltd. Riverside Court, Beaufort
Park, Chepstow, NP16 5UH) on mineral settings, with the resultant elemental compositions
averaged. The results for each of the samples were mapped using ArcGIS and compared
to results from the soil and skeletal preservation testing. Soil samples were measured from
Poulton Chapel (49 samples), Chester Greyfriars (11 samples) and the 1989 excavation at

Southgate Street, Gloucester (two samples).
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Particle size analysis

Soil particle size analysis can help provide further information on the properties of the soil
found at each location. This will indicate areas that are higher in clay and therefore likely to
inhibit the movement of nutrients and water, leading to better preservation of the inorganic
components of human bone. Areas that contain higher percentages of sandy soil are likely
to have poorer preservation of the mineral components of the bone due to high permeability
of the soil. Dependent on the other environmental factors present, it may also result in

considerable loss of organic bone content.

Approximately 1cm? of soil was placed into a 250ml tall form beaker with hydrogen peroxide
to remove any organic material. This was covered and then placed on a hot plate until there
was no longer an observable chemical reaction. In cases where the reaction was particularly
violent, deionised water was added. Once cooled, the hydrogen peroxide was siphoned off,
50ml of deionised water and 2 drops of hydrochloric acid were added to stop the reaction
from continuing. This was left overnight before the water was siphoned off. A few drops of
Calgon was added and the mixture was placed back onto the hotplate until a paste formed.
A small spatula full was added to the LS13320 Aqueous Liquid Module ((Beckman Coulter
(UK) Ltd. Oakley Court, Kingsmead Business Park, London Road, High Wycombe, HP11
1JU) and the samples were analysed. Each sample was run through the LS13320 Laser
diffraction particle analyser (Beckman Coulter (UK) Ltd.), enabling any variability in grain

size within the samples to be measured.

Sample preparation and interpretation of the results was carried out by the author, with the
grain size analysis of the soils carried out by David Williams, Senior Technician from the
Geography Department, Faculty of Science, Liverpool John Moores University. Soil
samples were analysed from Poulton Chapel (49 samples), Chester Greyfriars (11 samples)

and the 1989 excavation at Southgate Street, Gloucester (two samples).
2.4. Archaeothanatology

To understand the potential effect the burial environment has had upon the skeletal
remains, it is important to account for the position the corpse was placed during interment.
The treatment of the remains during burial can also have a significant influence over the
access the burial medium has during decomposition and the ability of the leachate to move

away from the body.

Archaeothanatology uses taphonomy to understand the circumstances surrounding the
burial context (Duday, 2009). By recording the excavation of a skeleton in detail, the original
characteristics of the burial can be inferred from the in-situ analysis of the individual skeletal
elements present and any surviving material (coffin, shroud or pins) or burial goods placed
in the grave.
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Using the principles of archaeothanatology, a basic analysis has been carried out, where
possible, on each of the sites studied, to determine the influence differing burial practices
and types may have on the preservation of human skeletal remains. For each individual
burial, the arm position, burial practice, type and alignment was recorded and compared to
the biological profiling data, collagen extraction results, XRF analysis and soil data to look
for correlations between preservation and potential for further chemical testing on the bone.

Arm position

There are very few studies looking at the significance of the arm placement during burial,
with the most detailed study carried out on an excavation of a Muslim cemetery in Tell el-
Hesi, Israel, dated to the period 1600-1800AD (Toombs, 1985). Sites in Medieval England
have given brief information regarding the position of the hands within the grave, but there
is very little detail to these assessments (Daniell, 1997). The position of the arms was
recorded for each burial to determine if there was a correlation between this and biological
profile of the skeleton. Eight arm positions were identified between the five sites by
examination of the burials during excavation, photographic evidence and/or context records
(Figure 2.1). A code was assigned to each of the arm positions identified for comparison
with other skeletal variables and data analysis (Table 2.3).

Table 2.3. Arm positions identified from the sites studied in this thesis and associated coding
for analysis.

Arm Code Arm position description

Both arms placed by side

Both arms placed with hands over pelvis

Both arms placed across the lumbar region

Both arms crossed over chest/ in prayer position

One arm by side, one crossed over chest with hand towards

opposite shoulder

One arm by side, one arm over pelvis

One arm across lumbar region, one arm with hand over

pelvis

8 One arm across lumbar region, one crossed over chest with
hand towards opposite shoulder

9 No information available

abswnN e
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Burial practice

A basic analysis to assess the skeletal remains for information regarding the burial practice
was undertaken, where possible, at each of the sites studied in this thesis. To keep the
analysis of each burial consistent, a list of characteristics for each of the burial categories
was designed in accordance with the methodologies set out by Duday (2009). For each of
the burials that provided sufficient evidence (through photographs, plans, finds or
excavation where the author was present), the characteristics listed in table 2.4 were

observed.
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Figure 2.1. Examples of the arm positions identified from the sites studied in this thesis. Descriptions and associated codes (1-8) are given in Table 3. ®Poulton
Research Project.
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Table 2.4. List of observable characteristics identified from the methodologies by Duday
(2009), used to infer the burial practice used.

Decomposition in a void
f Rotation of the cranium
o Dissociation of the mandible
o Mandible has moved with the cranium
o Disruption of the cervical vertebrae
Disruption of the vertebral column
Flattening of the rib cage
Rotation of the humerii
Displacement of the radius/ulna
Separation of the pubic symphysis
Slippage of the ilia from the sacrum
Medial/lateral rotation of the femora
Displacement of the patellae
Displacement of the tibia/fibula
Displacement of the hand and foot bones

=& —4 —& —4a _—a_a_a_a_a_°

Decomposition in a shroud

9 Double delineation of the burial
1 Articulations tightly held in place
9 Verticalised clavicles

Decomposition in a narrow grave (no shroud)

1 Single delineation of the burial
1  Mixture of shrouded characteristics and slight movement
of the skeletal elements

Once the burial practice had been analysed, a code was assigned to each skeleton to
identify the practice used to enable the comparison with other skeletal, burial and geological
characteristics. (Table 2.5). As the burial practices for this research were identified from
photographs and context records in many cases, it was decided that the identification of
coffin burials would only be recorded if conclusive evidence existed for the coffin (nails,
wood, handles, etc., see Figure 2.2), or the author had been present at the excavation to

observe the burial position first-hand.

Table 2.5. Burial practices identified from the sites studied in this thesis and associated
coding for analysis.

Code Burial practice description
1 Non-Shrouded
2 Shrouded
3 Coffin
4 No information available

As future research is planned for a detailed archaeothanatological analysis of the burials
from Poulton Chapel, only those that were assessed as having both skeletal and coffin
evidence present were recorded as coffin burials at this time. The excavations at Gloucester
Congregational Church and the Infirmary burial ground had associated coffin remains
enabling easy identification. For St. Owens Chapel, there was very little information
recorded about the burials and no photographs to look at the burials practice. The plan

drawings did not give sufficient evidence to determine the burial practice, so burial practice
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was not recorded for this site. Chester Greyfriars had a small sample size (n=20, and as
the author was present during the excavation it enabled a more detailed analysis to take
place at this site.

Figure 2.2. Skeleton 250 from Gloucester Congregational Church, a coffin burial with
associated coffin remains. °®Gloucester Museum.

Burial type

The burial type is crucial in determining the impact the burial environment will have on the
preservation of the skeletal material and therefore, the potential for further analytical testing
(stable isotopes, radiocarbon dating and ancient DNA). The position of the skeleton in the
grave will enable the observer to determine the influence of foreign material filtering into a
grave, the skeletal elements affected by a burial wrapping or grave goods placed in a grave
(Figure 2.3). Each articulated skeleton was analysed to determine burial types and assigned
a code (Table 2.6). This enabled an analysis of the position of these graves to determine if
there was any significance in the burial types identified. The burial types were assessed at
all the cemeteries studied in this thesis using a combination of on-site excavation,

photographs, context records and burial plans.
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Figure 2.3. Skeleton 245 from Poulton Chapel demonstrating a flexed burial type. ®Poulton
Research Project.

Table 2.6 Burial types identified from the sites studied in this thesis and associated coding
for analysis.

Code Burial type description
Disturbed

Prone

Supine

Flexed

No information available

ab~wWwDN PR

Burial alignment

The alignment of the burials was recorded to determine any differences in burial practices,
which may be due to religious beliefs, individuals that were accused of deviant behaviour
(e.g. witches, vampires, murderers), or women that had died during childbirth. A difference
in the alignment of the burial could mean that the body was subjected to alternative
treatments when preparing the corpse. Each skeleton analysed was assigned a code to
enable an analysis of the position of these graves to determine if there was any significance

in the alignment (Table 2.7). Burial alignment was assessed at all the sites studied in this
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