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Abstract

Taphonomic analysis of bone microstructure, commonly known as histotaphonomy,
has been used as a proxy for interpreting early post-mortem treatments in
archaeological contexts with increasing frequency. This method is especially useful
when evidence for varied pre-depositional practices such as disarticulation and
taphonomic markers (e.g. fracturing, gnawing, cut marks, weathering) is present in
the assemblage, but is rarely used on faunal remains. Iron Age Britain provides the
ideal context for comparative study due to the wide range of depositional practices
employed for both humans and animals. While human and faunal remains from single
sites in Britain have been studied before, such as at Cladh Hallan and Danebury
hillfort, they were usually examined separately without substantial synthesis of the
data. Thus, this study represents the first single-site comparative histotaphonomic
analysis of archaeological human and animal remains from Britain. To this end, this
research assesses archaeological human and faunal bone from Battlesbury Bowl, an
Iron Age site in Wiltshire England, with 70 samples (46 faunal and 24 human) taken
from a range of contexts, and from both articulated and disarticulated deposits. It
explores evidence for the mortuary practices afforded to human remains and how
they compare to the treatment of fauna from the site. Macroscopic analysis was
undertaken prior to thin section microscopy using the Oxford Histological Index
(OHI) and the Birefringence Index (BI). Results showed that the faunal samples
from Battlesbury Bowl have more varied microstructural preservation with some
species treated similarly to humans post-mortem, while others (especially caprines)
are generally better preserved. This suggests that humans and animals at Battlesbury
Bowl were subject to different early post-mortem processes, thus shedding light on
mortuary practices and the complexity of human-animal relations in life and death.
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Introduction

The Iron Age in Britain (c. 800 BC to AD 43) is noteworthy for a scarcity of
human remains in the archaeological record despite evidence for a substantial
population with widespread settlement (Cunnington, 1923; Hodson, 1964; Shar-
ples, 2010; Whimster, 1981). Archaeological evidence of ‘formal’ burial prac-
tices, such as inhumation and cremation cemeteries, is predominantly restricted
to relatively small, regional, or local traditions, such as the Arras tradition in East
Yorkshire (Stead, 1979) and the Welwyn-type cremation cemeteries in Southeast
England (Smith, 1912). This paucity of burial evidence is often suggested to rep-
resent majority funerary processes that leave no trace, such as sub-aerial exposure
or ‘excarnation’ (Carr & Kaniisel, 1997; Harding, 2016; Wait, 1985).

Interestingly, taphonomic signs that typically accompany exposure—such as
weathering, trampling and animal gnawing—are relatively uncommon in disar-
ticulated bone remains, suggesting the possibility of alternative methods of skel-
etal disarticulation (Madgwick, 2008, 2010). Faunal remains are often deposited
in the same features as human remains, though generally not in close association
and in a range of articulation levels, from disarticulated fragments to whole car-
casses. To explore potential mortuary practices leading to the disarticulation of
human remains and how this relates to faunal deposition, this study focuses on
human and animal bones from Battlesbury Bowl, an extensively excavated and
well-documented Iron Age settlement site in Wiltshire England. Through detailed
examination of surface taphonomy and the histological preservation of skeletal
elements, this study aims to discern differences and similarities between the treat-
ment of human and animal remains, thereby shedding light on human-animal
interactions in both life and death.

After death, the bones of an organism are subject to an array of taphonomic
processes: physical, chemical and biological, resulting in their destruction or fos-
silization (Booth et al., 2016, 2022; Jans, 2022). Bacterial bioerosion to micro-
structure is considered one of the first taphonomic processes to impact bone post-
depositionally (Smith et al., 2008). Transmitted light microscopic analysis of thin
sections can be used to assess the preservation of bone microstructure. The extent
and character of bacterial bioerosion are used to infer details about the treatment
of individuals during the early post-mortem period. This is most commonly used
on human remains, but has also proved of value in examining atypical deposi-
tional practices in animals (Mulville et al., 2012).

The main focus of this study is to determine the extent and character of bioerosion
in a range of archaeological bone from Battlesbury Bowl to infer pre-depositional
practices relating to both humans and animals. This forms the largest single-site his-
totaphonomic study using contemporaneous archaeological human and animal bone
from different states of articulation to the authors’ knowledge, where samples were
taken from bone assemblages, rather than micromorphological slides. Though other
forms of microtaphonomy such as fungal and cyanobacterial tunnelling were noted
when present, they are not discussed in detail in this study. The following research
questions are explored:
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1. What post-mortem treatments were afforded to human remains at Battlesbury
Bowl?

2. Were the pre-depositional practices for humans at Battlesbury Bowl similar to
those of the animals?

3. Is there any relationship between skeletal articulation and histological preserva-
tion in humans and fauna?

Site Context and Background

Battlesbury Bowl is an Iron Age site consisting of a multivallate hillfort and associ-
ated settlement, located just outside Warminster in Wiltshire (Fig. 1). It was founded
in the Late Bronze Age and was occupied through the Iron Age to the Roman Period
(approximately 800 BC to AD 43) (Ellis & Powell, 2008). Excavations from 1998 to
1999 recovered a total of 27,813 fragments of animal bone from 663 contexts, with
32 deposits of human remains deriving from 29 contexts across the site (Hambleton
& Maltby, 2004, 2008; McKinley, 2008). The macroscopic preservation of the faunal
remains and disarticulated human remains appears broadly similar, though the extent
and severity of the taphonomic changes were greater on the animal remains (McKin-
ley, 2008: 76). By analysing both human and faunal remains from the site, this study
will determine whether macroscopic similarities are reflected in the preservation of
bone microstructure. The site has a homogenous lithological and sedimentological
background, being upper chalk with some overlying superficial colluvium and greyish-
brown compacted silty clay topsoil (Ellis & Powell, 2008: 9). There remains little evi-
dence that differences in soil matrix have substantial effects on variable histological
preservation, but any such effects can be confidently discounted at a site with homog-
enous matrices such as this.

Iron Age Mortuary Practices

The scarcity of human remains from Iron Age Britain, with only an estimated 6%
receiving an ‘archaeologically visible’ burial (Wait, 1985), suggests that those
recovered represent the remains of a minority rite. This rarity is further emphasized
by the frequent discovery of disarticulated human remains within various archaeo-
logical features in and around settlement sites, particularly in disused grain storage
pits and boundary ditches. Occasionally, partially articulated deposits, such as iso-
lated body parts are also found (e.g. a foot from Battlesbury Bowl, Ellis & Powell,
2008: 35 and pl.3.6c; a leg from Cadbury Castle, Barrett et al., 2000: 110, Fig. 58;
two arms from North Perrott, Hollinrake & Hollinrake, 1997; crania with mandibles
from Glastonbury Lake Village, Coles & Minnitt, 1995: 170-174). These deposits
suggest that remains were still connected by soft tissue when deposited, though dis-
membered, or that elements were removed from a fully articulated skeleton after soft
tissue had decayed. The general lack of burial evidence, combined with the preva-
lence of disarticulated bones, has led researchers to propose that excarnation, or sub-
aerial exposure, was the majority rite for much of Iron Age Britain (Carr & Kniisel,
1997). In theory, this practice would result in scavenging animals removing most

@ Springer



18 Page 4 of 30 A. Bricking et al.

Berkshire

Hampshire

0 50km

Bratton
Ca

Tilshead

%% Land over 150m
Land over 100m

Archaeological monuments

""" Defence training estate

0 5km

Fig. 1 The Battlesbury Bowl site location (adapted by Kirsty Harding, from Ellis & Powell, 2008:
Fig. 1.1)
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body parts, with the remnants ending up in various features around settlement sites,
either accidentally or as intentional disposal. However, there are numerous processes
that could result in the separation of skeletal elements and explain the variability
in articulation often observed at Iron Age sites. Deposits at Battlesbury Bowl, for
example, included fully articulated skeletons, partially articulated body parts, and
disarticulated bone and bone fragments, recovered from features (McKinley, 2008).
Interestingly, animal remains are recovered in similar configurations, such as the
articulated cattle foreleg and articulated cattle vertebrae from Ditch 4293, suggest-
ing they may have undergone similar post-mortem processes as the human remains,
either as separate ‘ritual’ deposits or as part of a complex mortuary process.

Much of this evidence comes from disused or repurposed storage pits. The use
of storage pits for apparently formalized, intentionally structured deposits of human
and animal bone has been widely discussed, and while they remain enigmatic, it is
clear that they had significant, likely symbolic purposes beyond their use as reposi-
tories for food or refuse (e.g. Bersu, 1940; Whittle, 1984; Cunliffe & Poole, 1991:
153-162; Cunliffe, 1992, 1995: 80-85; Hill, 1995). Understanding early post-mor-
tem treatment is challenging, and therefore, histotaphonomic analysis may provide
new insights into the treatment of humans and animals in storage pits, and thus shed
light on the characteristically enigmatic mortuary practices of Iron Age Britain.

Animal Deposition in the Iron Age

There has been a substantial amount published on ritual and animals in Iron Age
Britain (Cunliffe, 1984, 1992; Green, 1992; Harding, 2016; Hill, 1995; Morris,
2011; Russell, 2012; Wait, 1985). Animal remains are deposited for a range of rea-
sons and reflect a wide variety of domestic, agricultural and ritual practices in Iron
Age Britain (Harding, 2016). Cattle and sheep were the dominant food animals, with
smaller numbers of pigs and also small numbers of horses exhibiting butchery evi-
dence (Cross, 2011).

Across Iron Age Britain, faunal remains have been found within human burial
contexts, whether articulated or partially articulated (e.g. Millett & Russell, 1982;
Grant, 1989; Madgwick, 2008, 2010; Russell et al., 2014, 2016; Harding, 2016).
These are often pigs or sheep; however, some cattle and horses have also been found
both butchered and unbutchered (Grant, 1984; Millett & Russell, 1982) and some
sites show an over-representation of dogs and horses in these contexts (Grant, 1984).
These faunal remains have been interpreted as ritual offerings, remains from funer-
ary banquets, or supplies for the journey to the otherworld (Harding, 2016: 254).
The faunal samples from Battlesbury Bowl represent articulated, partially articu-
lated and disarticulated remains, but none of the articulated faunal remains sampled
from Battlesbury Bowl are associated with human deposits.

Associated bone groups (ABGs) are typically formed of cattle, sheep, pigs,
horses and dogs. However, wild animals have also been found as ABGs (Morris,
2008; Pluskowski, 2012). In the southwest of the site, most ABGs have been dis-
covered in pits (Morris, 2008). No complete animal burials were identified at Bat-
tlesbury Bowl, but a minimum of four bones belonging to the same skeleton were
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classified as an ABG (Hambleton & Maltby, 2008). Though an articulated caprine
was sampled (BB(F)36), this was not a complete skeleton but consisted of six ver-
tebrae, the left astragalus, left metatarsal and left humerus, right femur, and some
skull fragments, along with a horn core and some teeth. There was a single articu-
lated dog skeleton consisting of around 50 well-preserved bones, which has been
sampled for this study.

Histotaphonomic Analysis of Archaeological Human and Faunal Remains

Taphonomic analysis of bone microstructure, or histotaphonomy, can offer insights
into post-mortem histories by assessing diagenetic change in bone. The most preva-
lent type of diagenetic change in archaeological bone is bioerosion, which mani-
fests as microfocal destruction (MFD) (Hackett, 1981). This is further differentiated
by identification of the types of microbial tunnelling visible in the microstructure.
Three MFD forms (budded, linear longitudinal and lamellate) are typically linked
to osteolytic bacterial activity and are the most common bioerosion types (Hackett,
1981; Balzer et al., 1997; Jackes et al., 2001; Turner-Walker, 2012). Additionally,
fungal action can impact bone microstructure, frequently termed Wedl tunnelling
(Fernandez-Jalvo et al., 2010; Hackett, 1981; Marchiafava et al., 1974), though there
is debate over the aetiology of Wedl tunnelling (see Kendall et al., 2018).

The preservation of bone microstructure frequently contrasts with external mac-
roscopic preservation, thus offering distinct taphonomic insights (Hedges, 2002;
Hedges et al., 1995; Jans et al., 2004). A bone with an excellent surface condition
may have poor histological preservation, and a poorly preserved bone may have pris-
tine microstructure. Experimental research on bacterial bioerosion of bone micro-
structure indicates that it typically occurs during the early post-mortem phase, gen-
erally within the first decade (Bell et al., 1996; Boaks et al., 2014; White & Booth,
2014). The degree of bacterial tunnelling is not directly correlated with the chrono-
logical age of the specimen, as the signature of microstructural bioerosion, or pres-
ervation, persists through deep time (Hedges, 2002; Hedges et al., 1995; Jans et al.,
2004; Turner-Walker, 2012).

Since bacterial bioerosion is the primary driver of histological diagenesis, it is
important to understand the origin of osteolytic bacteria. Some authors believe soil
microorganisms are largely responsible for bacterial bioerosion in bone, and exog-
enous factors dictate bioerosion (Turner-Walker & Jans, 2008; Turner-Walker, 2012,
2019, 2023; Kendall et al., 2018). However, strong arguments have been made for
an endogenous origin for the bacteria (Booth, 2016; Booth & Briick, 2020; Booth
& Madgwick, 2016; Booth et al., 2016, 2022; Bronnimann et al., 2018; Damann &
Jans, 2017; Jans et al., 2004; White & Booth, 2014). An endogenous origin implies
that different funerary treatments impact the type and extent of bacterial bioerosion,
and therefore, assessing bioerosion could help differentiate between individuals
buried immediately post-mortem and those that underwent different mortuary treat-
ments (Lemmers et al., 2020). However, it is important to note that recent studies
using modern human remains demonstrate the severity of bioerosion can be influ-
enced by various factors. A study by Emmons et al. (2022) found that microbial
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populations in bones from deep burials were similar to those from human viscera
compared to bones from shallow or surface deposits, which were more similar to
those from the soil environment. An experimental study by Mavroudas et al. (2023)
showed no variation in histological preservation between five buried and partially
exposed cadavers within the first two years. Another study analysed the histological
preservation of bone from whole cadavers, and determined that there was a lack of
significant differences in bioerosion between the coffin and direct burials, and that
bioerosion is directly related to the early post-mortem period (Reid et al., 2024).

It is clear that histological preservation can be influenced by a number of varia-
bles, including body articulation and burial conditions. The potential for intra-skele-
tal variation, and inter-species variation, must also be considered as this may impact
the results and comparison between different species (Jans et al., 2004; Kontopoulos
et al., 2022). Thus, results of histological analysis in this study are interpreted along-
side archaeological and taphonomic evidence to suggest the most likely taphonomic
pathways.

Histotaphonomic analysis on archaeological human remains has a well-estab-
lished body of research (e.g. Garland, 1987; Bell, 1990; Turner-Walker & Jans,
2008; Hollund et al., 2012; White & Booth, 2014; Booth, 2016; Booth et al., 2016;
Booth & Madgwick, 2016; Mollerup et al., 2016; Booth & Briick, 2020; Goren
et al., 2021; Bricking et al., 2022; Bricking, 2023; Madgwick & Bricking, 2023;
Reid et al., 2024). Similar studies on animal remains in archaeology are less fre-
quent (Booth et al., 2022; Bronnimann et al., 2018; Mulville et al., 2012; Pesquero
et al., 2018), though most experimental research has used modern animals (Eriksen
et al., 2020; Kontopoulos et al., 2016; Turner-Walker, 2012; White & Booth, 2014).
The few studies that have histologically examined both human and animal remains
generally do not observe the differences in early taphonomy and draw on material
from multiple sites (Bronnimann et al., 2018; Jans et al., 2002, 2004).

Using a sample size of 261 specimens from 41 sites across five countries, Jans
et al. (2004) determined that bacterial attack was more common in human bone than
in animal, at 75% compared to 34% for animals. However, all articulated animal
skeletons analysed displayed evidence of bacterial attack, supporting an endogenous
origin for bacteria, as these samples are highly likely to have enteric bacteria present
at the point of deposition. Microstructural degradation therefore correlates with the
early stages of putrefaction (Jans et al., 2004: 92). Bronnimann et al. (2018), using
25 human bone samples and 184 samples of animal bone fragments, also determined
that bacterial attack in human remains was more frequent in comparison to the fau-
nal remains from the same site (96% vs. 23%). Thus, it was hypothesized for this
study that the faunal remains would be better preserved than the human remains on
average, providing a comparative baseline as well as exploring structured treatment
of animals. However, articulated faunal remains should display similarly extensive
bacterial attack, as enteric bacteria would be present and soft tissue decomposition
would attract any exogenous bacteria (Booth et al., 2022).

The research described above indicates that an endogenous origin for bacterial
attack is most common, in Northern European contexts at least, and therefore, histo-
taphonomic analysis is useful for exploring early post-mortem treatment. However,
exogenous bacterial activity can potentially affect the results, and further research
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is needed to clarify the interpretative potential of this histotaphonomic approach.
New experimental research, as well as further comparisons between archaeological
humans and animals from Britain, may lead to a revision of interpretations in histo-
taphonomic studies.

Materials and Methods
Samples

A total of 70 specimens, comprising 24 human and 46 faunal samples (23 cat-
tle, 10 caprine, 4 pig, 9 horse, 1 dog), were selected for analysis from a range
of Iron Age contexts at Battlesbury Bowl. Specimens were selected to address
questions surrounding the relationship between skeletal articulation and histo-
logical preservation, differences between species preservation and the point at
which post-mortem manipulation occurred. The specimens represent a range of
skeletal articulation levels (disarticulated, partially articulated and articulated)
and are from a variety of features including storage pits, boundary ditches and
post-holes (Table 1). Skeletal elements deposited within the same features and
contexts were selected for sampling to investigate potential variation in early
post-mortem treatments afforded to disarticulated humans and animals repre-
sented in the same burial context.

Long bone mid-shafts, especially femora, were preferentially selected for humans
and animals. These are frequently used for histotaphonomic studies due to their
dense cortical bone (providing a wider section for analysis), close proximity to the
gut and therefore conceivably greater likelihood of being affected by enteric bacte-
ria, and to control for potential inter-element differences (Hollund et al., 2012; Jans
et al., 2004; Nielsen-Marsh & Hedges, 2000). Other long bones were selected in the
absence of a viable femur. Crania and cranial fragments were also sampled to inves-
tigate whether the head was treated differently to the rest of the body, as has been
widely speculated in Iron Age scholarship (e.g. Bulleid & Gray, 1917; Cunnington,
1923; Hencken, 1938: 57; Wheeler, 1954; Gardner & Savory, 1964: 221; Whim-
ster, 1981; Wait, 1985; Harding, 2016; Armit, 2012). It must be borne in mind that
intra-individual variability can occur in histological preservation (see Kontopoulos
et al., 2022) and therefore comparisons of cranial and post-cranial remains must be
made cautiously. However, there is no clear evidence that these classes of remains
are inherently more or less susceptible to bioerosion.

Samples of approximately Icm? were cut from each specimen using a Saeshin
Strong 209A precision drill with diamond wheel attachment. The samples were
embedded in Struers Epofix epoxy resin and sealed in a Nalgene vacuum desiccator
for a minimum of 24 h to minimize air bubbles and protect the structural integrity of
the samples (Turner-Walker & Mays, 2008).

Transverse thin sections of each sample were then prepared using a Reha-Tech
RMS-16G3 annular diamond-saw microtome. These sections were between 50 and
120 thick um, depending on the fragility of the bone samples. The thin sections were
mounted on a VWR ground-edge microscope slide. Entellan New rapid mounting
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medium was used to secure the sample between the slide and the VWR borosilicate
cover glass and left overnight to dry. All thin sections were analysed under normal
and plane polarized transmitted light on a Nikon Eclipse ME600 optical microscope,
with a Nikon LHS-H100C-1 lightbox, at magnifications of 50x, 100x and 200x.

Analysis

The extent of bioerosion was assessed by the authors (AB and BR) using the
Oxford Histological Index (OHI), which ranges from O (extensively bioeroded) to
5 (no signs of bioerosion) (Millard, 2001). Typically, bone samples exhibit either
very poor (OHI 0-1) or very good (OHI 4-5) preservation, with a small proportion
scoring in the middle of the scale, suggesting histological alteration generally either
occurs to completion or not at all (Millard, 2001). The cause of microfocal destruc-
tion can either be fungal (identified by Wedl-type tunnels) or bacterial (identified by
non-Wedl tunnels). The various tunnel types are defined elsewhere (Hackett, 1981),
but are simplified for the purposes of this study as either Wedl/fungal or non-Wedl/
bacterial.

Each sample was examined using circularly polarized light (CPL) to determine
the extent of birefringence. High birefringence generally corresponds with good
microstructural preservation and good collagen preservation. However, some exter-
nal factors can cause loss of birefringence, even when the microstructure is well
preserved, through processes of chemical hydrolysis. Some processes potentially
relating to mortuary practice and depositional history can cause hydrolysis such
as low-heat burning or intense cycles of wetting and drying (Collins et al., 1995;
Nielsen-Marsh et al., 2007; Smith et al., 2007). The level of birefringence is meas-
ured using the Birefringence Index (BI), and scored as low, medium or high to com-
pare with histological preservation. For example, an element with OHI 0-1 would
likely have low birefringence, while 2-3 would be medium, and 4-5 high (Booth
et al., 2016; Jans, 2022; Jans et al., 2004).

The surface taphonomy of each sampled element was also assessed for evidence of
post-mortem manipulation (fracturing, butchering, working) or exposure (weathering,
gnawing, trampling, abrasion). Though macroscopic analysis of remains is beneficial
for determining some of their taphonomic history, undertaking microscopic analysis
alongside this can reveal further taphonomic impacts which are not visible to the naked
eye (Booth & Madgwick, 2016). Comparison of macrotaphonomy and histotaphon-
omy has the potential to provide more detailed insights on pre-depositional practices
afforded to these remains.

Results

The details for each sampled specimen, OHI score and level of birefringence are
presented in Table 1.
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The histological preservation of the human remains at Battlesbury is generally
poor, with only one notable exception exhibiting a mid-range OHI score (BB06). This
trend of poor preservation is consistent across all types of deposits, whether articu-
lated or disarticulated. Additionally, there was no difference in histological preserva-
tion between cranial and post-cranial elements. The prevalence of poor microstruc-
tural preservation in articulated deposits is expected following either the endogenous
or exogenous model of osteolytic bacterial origin: the level of articulation suggests
burial occurred before decomposition of soft tissue, thus allowing putrefactive gut
bacteria to migrate through the skeleton as well as attracting bacteria from the depo-
sitional environment. However, the extent of bioerosion observed in disarticulated
bones is unexpected, especially in cases where there is evidence of post-mortem
manipulation, such as fresh fracturing and bone working, or signs of exposure, such
as canid gnawing (Figs. 2, 3, and 4). The exception to this is a femur from an articu-
lated burial in a storage pit, which demonstrated mid-ranging preservation with an
arrested pattern of microfocal destruction (Fig. 5). This preservation level may be
attributed to the body decomposing more rapidly, while not being fully exposed—for

Fig.2 Human remains with taphonomic evidence for post-mortem manipulation and poor histological
preservation: a) punctures from canid gnawing on a human parietal fragment (BB24/SF 3876) from a
storage pit (Pit 4993); b) micrograph of sample BB24 (OHI 1), 50x magnification

Fig.3 Human remains with taphonomic evidence for post-mortem manipulation and poor histological
preservation: a) a worked (intentionally shaped) fragment of human cranium (BB21/SF 3371) from a
post-hole (Post-hole 5584); b) micrograph of sample BB21 (OHI 0), 50x magnification
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Fig. 4 Human remains with taphonomic evidence for post-mortem manipulation and poor histologi-
cal preservation: a) fresh split fracture on human femur (BB15/SF 4111) from a boundary ditch (Ditch
4043); b) micrograph of sample BB15 (OHI 1), 50x magnification

Fig.5 Human sample BB06 showing mid-ranging histological preservation and bacterial attack radiating
from Haversian canals (OHI 3): a) normal transmitted light, 50x magnification; b) polarized light, 50x
magnification

instance, being placed at the bottom of a pit and covered (Booth & Madgwick, 2016).
Such a scenario would prevent access by scavenging animals but allow invertebrates
to contribute to the decomposition process, albeit more slowly than in an exposed
environment, as suggested in previous studies (Booth & Madgwick, 2016). This is a
hypothetical scenario, and experimental research is required to clarify the drivers of
such mid-ranging patterns, but it is supported by the fact that mid-ranging scores have
commonly been found in caves, which represent a semi-sheltered, but exposed set-
ting (Booth, 2014). It is interesting to note that a disarticulated femur fragment from
the same context (BB10) showed the most advanced levels of bacterial bioerosion,
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scoring OHI 0, despite evidence for canid gnawing on the epiphyses that would oth-
erwise suggest exposure.

In contrast to the human remains, the faunal remains have more varied OHI
scores, ranging from O to 5, with caprines being better preserved on average (Fig. 6).
Concerning both horse and cattle, 78% of the remains have OHI scores of 0 or 1.
Pigs were also poorly preserved, with 75% having OHI scores of 1 or 0. In contrast,
only 22% of the caprines sampled displayed evidence of severe bioerosion. Though
there is one mid-ranging human score (BB06), overall animals were marginally bet-
ter preserved.

The caprine samples display better preservation than all other species sampled
in this study. Only one of the caprine samples (BB(F)45) has an OHI score of 5
(Fig. 7), and two have OHI scores of 4, a similar pattern to that observed at the
hillfort of Danebury (Booth et al., 2022). These results suggest that the well-pre-
served caprine remains were removed of soft tissue relatively quickly after death,
thus likely representing food waste, though there was no macroscopic evidence of
butchery or heat treatment on the sampled elements. However, sample BB(F)12 is
from a neonatal caprine that was partially articulated, and scored OHI 3. The mid-
ranging level of histological preservation implies this individual may have been sub-
jected to a different post-mortem process, or was deposited in a different environ-
ment, than the adult caprines. For example, the carcass may have been deposited in
a sheltered but exposed environment thus facilitating accelerated decomposition (but
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Fig.7 Caprine sample BB(F)45 showing good histological preservation (OHI 5): a) normal transmitted
light, 200x magnification; b) polarized light, 100x magnification

not as quickly as exposure on the surface), or buried after decomposition had begun
but while the elements were still connected by soft tissue, maintaining articulation.

It is necessary to consider that the difference in histological preservation may
be caused by the difference in bone structure between neonatal and adult skeletons.
Previous studies by Turner-Walker and Jans (2008), Turner-Walker and Mays (2008)
and Turner-Walker (2012) have suggested that bone porosity may play a key role in
microstructural preservation of bone: specifically, bones from older individuals will
be more porous, and therefore more susceptible to exogenous bacterial attack, than
those of younger individuals. However, if this were the case, then an opposite result
would be expected in the Battlesbury Bowl caprines.

A study by White and Booth (2014) experimentally buried and exposed piglets
and found the individuals buried in the soil were more affected by bacterial bio-
erosion, therefore directly comparable samples in terms of age and species showed
marked variation dictated by depositional practice. In addition, a study by Booth
et al. (2016) on archaeological neonatal human skeletons showed many sampled
neonates were virtually free of bacterial bioerosion compared to adult skeletons bur-
ied in the same cemetery. This result led the authors to conclude the difference was
likely due to the undeveloped gut microbiomes of the neonates. Therefore, evidence
suggests that different histomorphology between different classes of remains (e.g.
species, age category) are unlikely to have a substantial role in the extent of bioero-
sion, though further studies are needed to examine variation across histomorpho-
logically variable samples.

The sampled dog was represented by a relatively complete, articulated skeleton.
The bone microstructure was badly preserved, with an OHI score of 1, and there
is no evidence of butchery or post-mortem manipulation observed on the skeleton.
This suggests that this dog was buried whole with soft tissue intact and was not
exploited for meat or hide. High numbers of dogs have been recovered from ABGs
in Iron Age pits across Britain, suggesting that the species was considered symboli-
cally significant (Smith, 2006).

The poor preservation of the horse, cattle and pig samples was unexpected, espe-
cially as the remains are largely disarticulated. Disarticulated remains would be
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expected to show less extensive bacterial attack if separated from the carcass shortly
after death (e.g. through butchery) since they would not be accessible to putrefac-
tive gut bacteria, nor exogenous bacteria drawn to the decomposing carcass. This
might suggest that animals were deposited articulated, then became disarticulated
through intentional exhumation or accidental disturbance. It appears these animals
were afforded different post-mortem treatments in comparison to the caprines from
the same site. It is important to note that ten of the samples were taken from horse
and cattle skulls deposited in Ditch 4043, which were labelled a ‘special deposit’
(Ellis & Powell, 2008: 135-136), of which seven samples scored OHI O or 1, and
three samples scored OHI 2 and 3. The term special deposit was attributed to cer-
tain deposits of animal bone at Battlesbury Bowl, including articulated remains, and
any deposits deemed ‘unusual’ by excavators. These animals may have been left to
decompose articulated, before the skulls were exhumed and reburied in this special
deposit. Fully articulated faunal remains, including typical food animals, are known
from other Iron Age sites in Britain (e.g. Millett & Russell, 1982; Cunliffe & Poole,
1991; Russell et al., 2016, 2017), and this type of post-mortem treatment may have
occurred at Battlesbury Bowl. However, it cannot be ruled out that remains from the
same special deposit were afforded different pre-depositional treatments. Addition-
ally, faunal remains from other parts of Iron Age Britain demonstrate a propensity
for the consumption of one particular body part, such as the feasting midden site in
Llanmaes, Vale of Glamorgan (Madgwick & Mulville, 2015). Therefore, it is pos-
sible that the disarticulated animal bone at Battlesbury Bowl represents animals who
had certain parts removed to be processed for food, and the rest inhumed intact, until
later disturbance.

Similar to the human samples, there is some discrepancy between surface
taphonomy and histological preservation in the fauna. Of the samples that
display evidence of butchery and burning, only one (BB(F)33) has an OHI score
higher than 1. Again, the special deposit of horse and cattle skulls in Ditch
4043 is particularly interesting as only some of the skulls display evidence for
butchery, suggesting the pre-depositional treatment of the skulls may have varied
(Hambleton, 2013). It is likely that, due to the unusual nature of this deposit,
in addition to the lack of butchery evidence and low OHI scores, these skulls
represent a more ‘ritualized’ depositional treatment as opposed to standard
butchery waste. Two of the seven samples taken for this study displayed evidence
of butchery, one of which had an OHI score of 2, while the other scored 0. Two of
the samples which scored OHI 3 displayed no evidence of butchery. This directly
contrasts with expectations, as butchered remains imply dismemberment and
consumption which would limit bacterial bioerosion. Bronnimann et al. (2018: 55)
emphasize that some butchered animal bones display signs of bacterial bioerosion
which may be due to the timing and efficiency of butchery, stating that endogenous
bacteria are occasionally recovered from modern meat (Chaillou et al., 2015).
However, this seems an unlikely explanation due to the extent of the bioerosion in
the majority of these samples. Alternatively, it is possible that offal was deposited
with bones after butchery, meaning enteric bacteria would be present at the point
of deposition. It cannot be discounted that exogenous bacteria from the wider
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burial environment is responsible for these higher levels of bioerosion, though a
greater degree of homogeneity might be expected across the samples from broadly
comparable pits and ditches.

The difference between the type of features is important when considering the
macro- and micro-preservation of bone, as closed pits would afford greater protec-
tion to deposits, thus reducing the speed of soft tissue degradation, whereas open
ditches would allow bone to be impacted by a greater range of taphonomic processes
(Hill, 1995: 26). However, the results appear to be broadly similar across the differ-
ent feature types, suggesting similar treatment of both human and animal remains
post-mortem irrespective of feature (Fig. 8).

Interestingly, there are variations in histological preservation between humans
and animals in the same feature. Ditch 4043 contained both human and faunal
remains, including the special deposit of cattle and horse skulls. All four of the
human remains from this feature showed poor histological preservation. However,
three cattle had mid-ranging scores (OHI 2 and 3) and the sampled caprines showed
perfect histological preservation, suggesting some of the faunal remains may have
been treated differently to the human remains (Fig. 9). This mixed pattern of preser-
vation in the same feature supports an endogenous model of bioerosion (if they were
deposited at the same stage of decay), as soil bacteria would be expected to generate
a more even pattern of degradation.

The post-holes at Battlesbury Bowl were not always associated with an identifi-
able structure, but were often associated with pits, and human remains were recov-
ered from structured depositions in three cases (Ellis & Powell, 2008). Three sam-
ples (BB18, BB21, BB(F)28) were taken from post-holes for this study: two human
and one horse, though the preservation differs between them. While the humans
have poor histological preservation, the horse has mid-ranging preservation and an
arrested pattern of bacterial attack (Fig. 10). Due to the small sample size, no defini-
tive conclusions can be made about differing practices. However, it is worth noting
that despite the low OHI score, the remains were disarticulated.
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OHl scores by species from Ditch 4043
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Fig. 10 Horse sample BB(F)28 from a post-hole showing mid-ranging histological preservation (OHI 3):
a) normal transmitted light, 100x magnification; b) polarized light, 100x magnfication

It is also worth considering the potential impact of repeated deposition of
corpses and carcasses on the microbial composition of the burial environment.
The decomposition of flesh in these contexts could either attract osteolytic bac-
teria from the surrounding soil or lead to the release of enteric bacterial popula-
tions into it (Booth et al., 2022; Cobaugh et al., 2015; Singh et al., 2017). How-
ever, while this factor may influence the soil microbiome, it cannot account for
the observed histological differences between human and animal bones extracted
from the same archaeological feature.
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Discussion
Mortuary Practices at Battlesbury Bowl

The analysis of human remains from the site revealed a high level of microfocal
destruction, with the majority scoring OHI O and 1, compared to the animal remains
which exhibited more varied levels of histological preservation. It is important to
consider the histomorphological differences between human and animal bone when
interpreting these results: it is possible, for example, that human bone microstructure
better facilitates the movement of bacteria and thus bioerosion would be expected to
be more extensive. However, with the exception of caprines, the majority of samples
from each species were as poorly preserved as the majority of the sampled human
bone, suggesting inter-species histomorphological variation is not a significant fac-
tor. Concerning the caprines, the near-perfect histological preservation in the sam-
pled adults compared to the mid-ranging preservation of the neonate suggests that
bone porosity is unlikely to be responsible for the intra-species variation. Consider-
ing the homogeneity of the geology and soil matrix, it is unlikely that exogenous
bacteria in the deposition environment are responsible for the variation in histologi-
cal preservation.

These results suggest humans at Battlesbury Bowl were generally buried soon
after death, allowing bacteria to access bone during the slow process of subter-
ranean soft tissue degradation and then exhumed following skeletonization, with
certain skeletal elements being redeposited in various locations. This practice
is supported by the presence of partially articulated remains, such as a dismem-
bered foot in Pit 4332 likely left behind during the removal of other elements.
Additionally, the site report noted many pits had been recut multiple times at
Battlesbury Bowl (Ellis & Powell, 2008: 39), possibly as one skeleton was
exhumed and a new corpse interred, although a lack of radiocarbon evidence
makes it difficult to determine the duration between recuts. Nevertheless, over
time, these features have clearly seen a cycle of use: burial, exhumation, clear-
ance and new deposition. This pattern is noted in burials from other Iron Age
sites in southern Britain, for example Cockey Down, Wiltshire (Lovell, 1999)
and Suddern Farm, Hampshire (Cunliffe & Poole, 2000: 168).

Considering there is no difference in histological preservation between the
samples from disarticulated and articulated deposits at Battlesbury Bowl, it is
possible that the articulated skeletons represent an incomplete mortuary practice
whereby the elements had not been exhumed and redeposited. Alternatively, the
presence of contemporaneous articulated and disarticulated deposits may signify
multiple mortuary practices, or variations of a mortuary practice, occurred
simultaneously at the site. The one human femur from an articulated burial in a
storage pit (BB06, SK 4322) displayed an unusual case of mid-range histological
preservation that may provide further evidence for variation in mortuary practice.
These patterns of histological preservation are more difficult to explain. One
possibility is that a change in the treatment or burial environment of the individual
occurred after bacteria were initially able to access bone microstructure. This
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could be caused by, for example, movement to an anoxic burial context (such as a
waterlogged area) unsuitable for bacterial attack, prior to final deposition (Parker
Pearson et al., 2005). Such a complex multi-stage rite seems unlikely, especially
given the level of articulation. Therefore, a scenario of semi-exposure may be
more likely, with soft tissue decaying more slowly (and therefore allowing some
bacterial attack) in a deep silting or perhaps covered pit, as has been suggested in
a histological study of archaeological human remains from Danebury (Booth &
Madgwick, 2016).

Signs of gnawing and fracturing on some bones suggest a lapse of time between
exhumation and redeposition. Canid gnawing was observed on eight human bones
sampled in this study and five of the faunal bones with all but one faunal sample
scoring OHI 0-1. The predominance of poor histological preservation suggests both
humans and faunal remains were buried whole (or at least with some soft tissue)
shortly after death, then exhumed post-skeletonization either deliberately or acci-
dentally, and then made accessible to dogs. This pattern of fracturing, canid gnaw-
ing and poor histological preservation of human bone has been identified in other
Iron Age sites in southwest Britain (Bricking, 2023; Bricking et al., 2022), suggest-
ing a potentially widespread practice.

Additionally, there appears to be a deliberate aspect of curation of human remains
at Battlesbury Bowl, particularly in the manipulation of crania, possibly shap-
ing them into amulets, indicative of a complex process encompassing inhumation,
exhumation, curation, manipulation and redeposition. Crucially, the poor histolog-
ical preservation in all but one sample suggests the mechanism by which human
remains became disarticulated was not through sub-aerial exposure, as has often
been hypothesized, but rather through exhumation and selective retrieval of skeletal
elements.

Animal Deposition at Battlesbury Bowl

Overall results suggest that animals were treated similarly to humans in the early
post-mortem period at Battlesbury Bowl, with the exception of caprines. This result
is expected for dogs and horses which have been known to be buried whole (Cross,
2011). However, it is less expected for disarticulated cattle and pigs in storage pits,
although macroscopic taphonomic work has highlighted the comparable treatment
of humans and animals at some sites (Madgwick, 2010). Cattle may have been
viewed as special and more rarely used for meat because of their secondary products
(dairy), and their value as a symbol of wealth/status (Green, 1992: 92), although
prevalent butchery evidence indicates meat was exploited. There are instances of
cattle buried whole elsewhere in Britain, as for example at Pocklington (Stephens,
2023: 93) and Garton Slack in Yorkshire where they were buried ‘in human-
style graves...[suggesting] treatment as metaphorical humans’ (Parker Pearson,
1999: 53). The poor histological preservation of the samples from Battlesbury
Bowl suggests the cattle were buried whole and became disarticulated through
exhumation and redeposition, similar to human burials, with some variation. By
contrast, sheep may represent food waste at Battlesbury Bowl, as they have greater
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histological preservation than the other species, with BB(F)45 scoring OHI 5. The
pristine preservation of this sample also suggests the depositional environment had
little impact on histological preservation, as other samples from the same feature
displayed higher levels of bioerosion. When compared to the other domesticates,
this is an unusual result and it is important to consider alternative explanations. As
previously discussed, neonatal skeletons are often unaffected histotaphonomically
(Booth et al., 2016), and animals killed for meat at a younger age have lower bone
porosity and are less susceptible to bioerosion (Turner-Walker 2012). However,
these explanations seem unlikely as the majority of the caprine samples were fully
grown, and displayed no evidence of butchery.

Large quantities of faunal remains have been found in pits across Iron Age
Britain and are often thought to be part of rubbish repositories as opposed to bur-
ial features. However, their association with human remains in some pits provides
an alternative view on their pre-depositional treatment and intended purposes.
Animal deposits within human burial pits are often disarticulated, but occasion-
ally complete and with no traces of butchery (Grant, 1989). These animals are
most commonly cattle, caprines, horses, pigs and dogs. However, there are rare
instances of cats, badgers, deer and foxes being buried in this way too (Grant,
1989). The lack of butchery evidence and the complete articulation of many of
these deposits, even on animals typically thought to be food sources, indicates
these were subject to prescribed depositional practices. At Battlesbury Bowl,
23 of the 46 faunal samples were found in the same feature as human remains,
yet the humans and animals were disarticulated. Seven of these 23 samples also
displayed signs of butchery, in contrast to those analysed by Grant (1989) and
suggesting a different pre-depositional treatment. Future work including isotope
analysis on contemporaneous human and animal remains may shed light on the
treatments afforded to them, and whether they originated from the same location
or were subject to prescribed management regimes.

Conclusions

In conclusion, this research suggests mortuary practices at Battlesbury Bowl predomi-
nantly involve primary burial soon after death, followed by processes of exhumation,
manipulation, curation and redeposition. There is no evidence that human remains
became disarticulated through a process of sub-aerial exposure (often termed excarna-
tion) but rather through exhumation and selective retrieval of skeletal elements. The
deposits were of varied character and show different articulation levels, indicating
that this was not a uniform rite. It may be that histologically poorly preserved remains
recovered in different articulation levels may represent different phases of the same
multi-stage mortuary practice. One noteworthy exception appears to have been subject
to a different practice, perhaps semi-exposed in a silting or covered pit. Further experi-
mental work has the potential to clarify the taphonomic pathways that can lead to these
patterns of varied preservation.

This study observed considerable variability in the treatment of animals. Many appear
to have been deposited whole shortly after death, paralleling human burial practices.
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Others, especially caprines, appear to represent different burial practices, with largely
histologically well-preserved samples. The unexpected poor histological preservation of
cattle and pigs, species typically considered food animals, provides new insights into the
pre-depositional practices afforded to animals at Battlesbury Bowl.

There remains considerable disagreement on the interpretative potential of his-
totaphonomic data (e.g. see Turner-Walker et al., 2023). However, there is growing
evidence, as presented in previous research throughout this paper, that the extent of
bioerosion can vary according to pre-depositional treatment and does not correlate
with a class of remains or soil matrix (see Booth et al., 2024, for review). If soil
matrix and element class were dictating factors in this study, we would not expect
to observe intra-taxonomic variation in preservation (as the soil matrix is over-
whelmingly homogenous). Further experimental research is required to examine
the impact of a comprehensive range of variables (e.g. taxon, element, soil matrix,
age, diet, seasonality, health status) on histological preservation of bone.

Methodologically, this research stands out as among the first to integrate analyses of
the histological preservation of archaeological human and animal bones from the same
site in Britain. Notably, the results pertaining to animals lean more towards interpreta-
tions of ‘special’ or structured deposition, challenging the notion of these remains being
entirely food waste and providing insight into human-animal relationships in a mortuary
context. For future research, an expanded sample size with a broader representation of
species would enhance inter-species and feature comparisons. Lastly, it is noteworthy that
no significant difference was found in the early post-mortem treatment of skulls compared
to long bones, with both exhibiting evidence for post-skeletal manipulation, suggesting a
uniform approach to burial practices across different skeletal elements.
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