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Abstract

Histotaphonomic analysis, through thin section microscopy, SEM and micro-CT scanning,
has become an increasingly popular approach for archaeologists in recent years. The
method relies on assessing the character of degradation in bone microstructure, placing
particular importance on the degree and nature of bacterial bioerosion. However, there
remains considerable disagreement about the origins and timing of bacterial bioerosion and
this has major ramifications for the interpretative potential of the approach. Turner-Walker et
al. (2023) present a firm case for the origins of bacteria being exclusively exogenous (from
the soil) with bioerosion occurring only after skeletonisation. This scenario means that
information gained from analysis of histotaphonomy relates entirely to the nature of the burial
environment and its suitability for collagenolytic bacteria to thrive and thus provides very little
useful information about human behaviour and mortuary practice. This contrasts with the
common position that the origins of bacteria can be enteric (from the gut) and can effect
bioerosion during putrefaction in the early post-mortem phase, thus potentially informing on

mortuary practice.

In this response, we present the alternative view to Turner-Walker et al. (2023) and
demonstrate strong and wide-ranging evidence for bacteria from the gut microbiome to have
the potential to cause bioerosion. A review of previous studies is used to evidence the
impact of mortuary practice on variable microstructural preservation. We counter some of
Turner-Walker et al.’s key lines of evidence and present alternative, evidence-based
explanations. Importantly, we acknowledge that the origins of bacteria are not always enteric
and that current interpretations that only consider bacteria as either enteric or exogenous

cannot account for the variability seen in the archaeological record.

Keywords: Bone diagenesis; Bacteria; Bioerosion; Taphonomy; Decomposition
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In their paper entitled ‘Bacterial bioerosion of bones is a post-skeletonisation phenomenon
and appears contingent on soil burial’, Turner-Walker et al. (2023) use Scanning Electron
Microscopy (SEM) to investigate the histological preservation of bones from varied
experimental contexts and conclude that their results are inconsistent with an enteric (from
within the decomposing organism) as opposed to exogenous (from the burial soil) model of
osteolytic bacterial bioerosion of mineralised tissues. They argue that their results are
generalisable and that it is not possible to conclude anything about early postmortem
treatment based on bacterial attack in bone. Turner-Walker et al.’s (2023) study makes an
invaluable contribution in providing more sorely-needed experimental data. Moreover, we
agree that their study provides no support enteric bioerosion and some evidence for an
exogenous model. However, we argue that the strength of evidence for their two main
conclusions is exaggerated due to methodological aspects of the authors’ experiments and
an incomplete discussion of evidence relevant to associations between bioerosion and early

taphonomy.

Turner-Walker et al.’s (2023) first case study involved the deposition of two pig carcasses in
buried stone-built cavities. The carcasses decomposed underground for three years without
interacting with soil. SEM analysis of a rib and humerus from each pig found no evidence for
bacterial bioerosion. As both pigs had decomposed and were presumed to have undergone
putrefaction, they argue that these results are inconsistent with enteric bacterial bioerosion.
However, the authors acknowledge that one of the pigs (12.20) was given antibiotic
medication shortly before it died, that this medication is likely to have affected the gut
microbiome (Dash and Das 2020) and that there is evidence that this alteration of the gut
microbiome can affect the progression of bodily decomposition (Hayman and Oxenham
2016). The authors argue that they have been unable to replicate the inhibitory effects of
antibiotic medication on bodily decomposition in their own pig experiments but provide no
relevant citations. Pig 12.20 had also been covered in hydrated lime (calcium hydroxide).

The authors argue that lime was only in contact with the outside of carcasses and could not
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have inhibited internal osteolytic bacterial activity. However experimental studies with lime
have shown that it can interfere with bodily decomposition even when simply covering a
body (Schotsmans et al. 2012; Schotsmans 2014; Mclintyre et al. 2022). Moreover, a recent
histological study of two medieval cemeteries from Britain found that, while almost all bones
had been extensively bioeroded, bioerosion was absent from the only two sampled

skeletons which showed evidence for liming (Hemer et al. 2021).

It is clear from images of the pig in the second tomb structure (05-26; Figure 1b) that
substantial parts of the carcass had mummified/desiccated, contrasting with the total
skeletonisation of Pig 12.20 and providing evidence that depositional conditions had
interfered with decomposition. Histological studies of desiccated/mummified bodies all find
bones were subject to little bacterial bioerosion, suggesting processes leading to
mummification inhibit osteolytic bacteria (Booth et al. 2015). The potential impact of
antibiotics, liming and mummification/desiccation on bodily decomposition means the
absence of bioerosion from the bones of Turner-Walker et al.’s (2023) pigs would have been
anticipated even under an enteric model of bioerosion. These factors seriously confound the

authors’ results and undermine the strength of their conclusions.

Turner-Walker et al.’s (2023) second study observes an absence of bioerosion from a rib of
a human body that had been exposed for ten years in a room with open windows.
Skeletonisation of the body suggested that it had undergone putrefaction, and therefore the
authors argue that, under an enteric model of bioerosion, bones should have been
extensively bioeroded. Among the most common and replicated observations in
experimental studies of decomposition is that bodies left to decompose on the ground
surface in temperate environments skeletonise much more rapidly (months) than bodies
buried in soil (years; Vass 2011; Igbal et al. 2020), mainly because exposure allows a wider
range of scavengers and invertebrates to access the body. Rapid removal of soft tissue by

invertebrates will substantially reduce the bacterial soft tissue decomposition to which bones
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are exposed and, conseugently, bones from subaerially decomposed bodies would be
expected to show little or no bacterial attack (Fernandez-Jalvo et al. 2010; White and Booth
2014; Booth et al. 2015; Booth 2016; Booth and Madgwick 2016; Kontopoulos et al. 2016;

Papakonstantinou et al. 2020; Bricking 2023).

In the human case discussed by Turner-Walker et al. (2023) the room’s open window meant
that the body was effectively subaerially exposed. The authors note that the remains were
surrounded by fly pupae, suggesting substantial soft tissue loss due to insect activity.
Turner-Walker et al. argue that staining on the bones of the abdomen indicates that the body
underwent putrefaction but provide no evidence for staining as a reliable proxy of
putrefaction. Again, an absence of bacterial bioerosion from these remains would be
predicted under an enteric model of osteolytic bacteria. Moreover, the absence of references
to an association between subaerial exposure and a lack of bioerosion, which is discussed in
almost every study which explores the relationship between bioerosion and early
taphonomy, represents an inexplicable omission (White and Booth 2014; Booth 2016; Booth
and Madgwick 2016; Kontopoulos et al. 2016; Bronnimann et al. 2018; Papakonstantinou et

al. 2020).

Turner-Walker et al. (2023)’s final case study examined two cattle bones buried in soil for
one and ten years. In contrast to the human case and the experimental pig burials, the cattle
bones show minor bacterial bioerosion. In addition to evidence in similar case studies
(Turner-Walker 2012; Kendall et al. 2018; Turner-Walker 2019; Eriksen et al. 2020), this
supports a scenario where at least some bioerosion is mediated by exogenous
microorganisms. However, the authors use this to argue against an enteric origin, whereas it
provides no evidence to this effect. It only evidences the potential for exogenous bioerosion,
a point that has been consistently acknowledged in research that supports the potential for
enteric bacteria to cause bioerosion (e.g. Madgwick and Bricking 2023; Booth et al. 2022).

Turner-Walker et al. (2023: 81) concede their results cannot rule out the possibility that gut
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bacteria may variably produce bioerosion in certain circumstances, but this statement is
inconsistent with the broader tone of their paper. The confounding factors in their
experiments prevent any unambiguous assessment of whether enteric gut bacteria

invariably cause bone bioerosion.

Turner-Walker et al. (2023)’s characterisation of studies interpreting patterns of bacterial
bioerosion in terms of early postmortem treatment, or indeed other factors which may have
influenced enteric bacteria (e.qg. stillbirth), is incomplete, with some key evidence entirely

omitted. One of the authors’ specific criticisms was (Turner-Walker et al., 2023: 81):

‘...the enteric hypothesis builds upon assigning presence or absence of bacterial bioerosion
criteria to individual cases of putative stillbirth, mummification, etc., rather than applying a

statistical approach at the population level.’

In fact, studies which explore relationships between bioerosion and early taphonomy rely on
previous investigations of dozens to hundreds of bone samples at a population level and
which often detect statistically significant correlations between independent proxies of early
taphonomy (e.g. butchery, primary burial) and bioerosion while observing little or no
correlation with burial environment (Jans et al. 2004; Nielsen-Marsh et al. 2007; Booth and
Madgwick 2016; Bronnimann et al. 2018; Hollund et al. 2018; Mandl et al. 2018;
Papakonstantinou et al. 2020; Hemer et al. 2021; Haddow et al. 2023; Maurer et al. 2023).
The suggestion that bacterial bioerosion could be used to identify stillborn infants in the
archaeological record (cf. Jans et al. 2004) is not based on testing of ‘individual cases of
putative stillbirth, mummification, etc,” (Turner-Walker et al. 2023: 81) but is supported by a
large-scale study of archaeological data (Booth 2020) the results of which have been
replicated in successive studies of archaeological infant remains as well as one experimental

study of pig carcasses (White and Booth 2014; Booth et al. 2016; Booth 2020).
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In a more recent paper, Turner-Walker (2023) puts an emphasis on the strong association
between bioerosion and burial environment, particularly in bones from skeletonised bodies
that presumably underwent extensive putrefaction, arguing this both refutes an enteric origin
for osteolytic bacteria and confounds attempts to reconstruct taphonomic processes in the
early postmortem period. However, anoxic and waterlogged environments also inhibit bodily
decomposition (Vass 2011) and, subsequently, histotaphonomic studies consistently
acknowledge these environments as possible confounds which pre-empt robust statements
about early decomposition or funerary treatment (Hollund et al. 2012; Booth 2016; Booth and
Madgwick 2016; Bronnimann et al. 2018; Papakonstantinou et al. 2020). Only in cases
where there is no evidence for waterlogging or anoxic burial are interpretations based on
early taphonomy usually favoured. An absence of bacterial bioerosion from archaeological
samples outside of anoxic or waterlogged environments is an unusual but not exceptional
finding which Turner-Walker et al. (2023) do not address and which an exogenous model of
bioerosion cannot easily account for. This is particularly true in cases where differentially
bioeroded bones come from the same or similar burial contexts and thus similar patterns of
bioerosion would be expected under an exogenous model (though more experimental work
on microenvironmental variation is required). Moreover, histotaphonomic results are not
interpreted in isolation but are usually integrated with other corroborating sources of
taphonomic evidence (e.g. completeness, articulation, surface modifications, weathering,
archaeothanatology), a standard that Turner-Walker et al. (2023: 81) themselves approve of

but fail to acknowledge is common practice.

Turner-Walker et al. (2023) do not discuss previous histotaphonomic studies which include
human remains recovered from archaeological contexts such as cists, tombs and caves
where bones were not covered by soil, even though these studies are directly relevant to
their experimental explorations of bodily decompaosition in underground cavities. Patterns of
bacterial bioerosion in archaeological samples from cavities are variable but include remains

that have been extensively bieoroded (Booth 2016; Hoole et al. 2018; Papakonstantinou et



197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

al. 2020). The authors also do not mention histotaphonomic experiments featured in White
and Booth (2014), Kontopoulos et al. (2016) and Fernandez-Jalvo et al. (2011) which
observed bioerosion in bones from faunal cadavers that had never been buried or were

protected from the soil by wrappings.

Turner-Walker et al. (2023) assert that the rejection of an enteric model of bacterial bone
bioerosion also refutes an association with early taphonomy, but this is not necessarily the
case, and does not consider recent attempts to reconcile contradictory signals from
experimental and archaeological data. In part due to previous experimental research by
Turner-Walker (2012; Kendall et al. 2018; Turner-Walker 2019) favouring an exogenous
model of bioerosion, some researchers (ourselves included) who investigate taphonomy and
early postmortem histories no longer assume an exclusive enteric origin for osteolytic
bacteria. Rather, they consider that both exogenous and enteric microbiomes could be
responsible for bioerosion. Increasingly, attempts are made to explore other archaeological,
osteological and environmental variables that can aid in identifying bacterial origin (and thus
interpretation) on a case-by-case basis (e.g. Papakonstantinou et al. 2020; Bricking 2023;

Mavroudas et al. 2023).

Associations between bioerosion and early taphonomy in the archaeological record could be
explained by a full or partial exogenous model of bacterial bioerosion and we acknowledge
that bioerosion is not always informative in terms of early post-mortem treatment. In an
earlier paper, Turner-Walker (2019) invoked early taphonomic processes to explain the lack
of bioerosion in butchered faunal remains, arguing that cooking may block cortical bone
porosities with hydrophobic fatty deposits. Another possibility is that osteolytic soil bacteria
are attracted to bones surrounded by decomposing soft tissue (Booth et al. 2022), a
scenario potentially supported by changes in the soil microbiome produced by the insertion
of a decomposing body (Cobaugh et al. 2015; Singh et al. 2017). However,thus far,

exogenous models of bacterial bone bioerosion cannot explain the wide range of variation
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and correlates we see in the archaeological record, and attempts to account for these

correlates via confounding variables have been unconvincing. For instance, the observation
that isolated burials are often extensively bioeroded (Jans et al. 2004; Booth 2016; Hoole et
al. 2018; Broénnimann et al. 2018) refutes the idea that associations between primary burial
and bioerosion are explained by the accumulation of osteolytic bacteria in large cemeteries
(Kendall et al. 2018). Without a plausible hypothesis for explaining variation in bioerosion in
archaeological bone that is divorced from early taphonomy, it is difficult to see how the

unambiguous conclusions presented by Turner-Walker et al. can be supported.
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