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ARTICLE

Balancing analytical goals and anthropological stewardship in the
midst of the paleogenomics revolution
Kendra A. Sirak * and Jakob W. Sedig *

Department of Genetics, Harvard Medical School, Boston, MA, USA

ABSTRACT
Ancient DNA research is on a trajectory of rapid growth and is becoming an
increasingly important part of the archaeologist’s toolkit. In this paper, we
situate the current relationship between ancient DNA and archaeology within
the context of how other destructive scientific methods were incorporated
into archaeological work. We discuss the need for discipline-wide standards
for the destructive sampling of human remains for ancient DNA analysis and
propose a set of best practices to aid collaborative teams in the challenging
task of balancing the rich information provided by ancient DNA with the
damage that sampling will cause to a skeletal specimen. Collaboration
between archaeologists and ancient DNA specialists has contributed in new
ways to the understanding of the human past, and the relationship between
the researchers embedded in these disciplines will continue to develop and
mature only through ongoing dialogue and engaged collaboration on topics
such as destructive analysis.

KEYWORDS
Ancient DNA analysis; best
practices; archaeogenetics

Introduction

Archaeologists and biological anthropologists face a unique challenge: they must weigh the cost
of destroying the remains of our human ancestors against the potential benefit of scientific
discovery (Scarre 2006). While the incorporation of radiocarbon dating and molecular techniques
in archaeology brought this issue into greater focus in recent decades, the unprecedented growth
of ancient DNA analyses, particularly within the last several years, has revived discussions sur-
rounding the use of human remains for scientific analysis. Concerns have been articulated about
the sustainability and ethics of current practices (Makarewicz, Marom, and Bar-Oz 2017), and
pressing issues, including the destruction of cultural heritage, have been identified. The current
absence of discipline-wide standards has left a range of stakeholders – from museum curators to
archaeologists to potential descendants – to grapple with the intricacies of granting permission for
destructive work on a case-by-case basis (Prendergast and Sawchuk 2018).

While many collaborations between archaeologists and ancient DNA specialists have been seen as
positive, there is a need to further mature the relationship between these fields through increased
dialogue and engaged collaborations (e.g., Bardill et al. 2018; Callaway 2018; Eisenmann et al. 2018;
Prendergast and Sawchuk 2018; Veeramah 2018). In this paper, we review the development of ancient
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DNA research, examine the relationship between archaeology and scientific techniques (particularly
radiocarbon dating), and outline a set of best practices for collaborative ancient DNA analysis that
requires the destruction of human skeletal remains. We draw upon our unique perspectives as
a biological anthropologist and archaeologist embedded in an ancient DNA laboratory to address
some of the concerns that archaeologists have voiced regarding ancient DNA practices, and we
explain why these practices often seem foreign to archaeologists.

A brief history of ancient DNA

Ancient DNA research began in 1984 when 229 base pairs (bp) of mitochondrial DNA (mtDNA) were
extracted and sequenced from an Equus quagga quagga museum specimen (Higuchi et al. 1984).
Reporting their findings, the authors conclude with a prophetic statement: ‘If the long-term survival of
DNA proves to be a general phenomenon, several fields including palaeontology, evolutionary biology,
archaeology, and forensic science may benefit’ (Higuchi et al. 1984, 284). Thirty years later, approxi-
mately 19.4 Giga-basepairs (Gb) of quagga DNAwere sequenced (Jónsson et al. 2014), representing an
85million-fold increase in data, fulfilling Higuchi’s prophecy, and demonstrating themassive advances
made in ancient DNA research in only three decades.

The earliest days of ancient DNA research saw the use of plasmid vectors to amplify small DNA
sequences (Pääbo 1985; Pääbo, Higuchi, and Wilson 1989), and the challenges that the field would
face were soon made clear. Genetic material from ancient specimens was overwhelmingly micro-
bial or fungal in origin, while endogenous DNA was limited to low concentrations of short
fragments altered by post-mortem modifications. While the invention of the Polymerase Chain
Reaction (PCR) (Mullis et al. 1986) allowed for the amplification of targeted DNA fragments and
represented a step forward for ancient DNA research, it also increased sensitivity to contamination
from modern DNA, and a number of studies reflected false-positive results (e.g., Golenberg 1991;
Zischler et al. 1995). An effort has since been made to expand upon and fine-tune an initial three
criteria of authenticity proposed by Pääbo, Higuchi, and Wilson (1989), leading to the develop-
ment of techniques to detect and minimize contamination and use the characteristic degradation
patterns of ancient DNA to assess ancient DNA authenticity (e.g., Cooper and Poinar 2000;
Hofreiter et al. 2001; Poinar 2003; Pääbo et al. 2004; Briggs et al. 2007; Sawyer et al. 2012;
Skoglund et al. 2014; Llamas et al. 2017).

The last decade of ancient DNA research has been characterized by a shift from sequencing the
multicopy mitochondrial genome to the study of genome-wide data from ancient individuals, also
known as paleogenomics (Orlando, Gilbert, and Willerslev 2015; Leonardi et al. 2016). This shift was
largely driven by the development of next-generation sequencing (NGS) technologies (Margulies
et al. 2005), which allow the simultaneous sequencing of millions of DNA fragments, reducing the
time, cost, and amount of raw biological material needed to produce genetic data. The ability to
generate massive amounts of data has also been the impetus behind a move from identifying
a single well-preserved archaeological sample that yields useable DNA and obtaining a partial or
complete genome sequence from it (e.g., Rasmussen et al. 2010, which reported the first genome-
wide data from an ancient human), to an approach that explores genomic identity and change
across large reaches of space and time and requires the analysis of ever-larger sample sizes (e.g.,
Allentoft et al. 2015; Mathieson et al. 2015, 2018; Damgaard et al. 2018a, 2018b; Olalde et al. 2018).
This increase in sample size is a transformative one for archaeology; it is a noteworthy move from
only a few years back where a single human sample of significant scientific interest was more
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often the focus of ancient DNA research. With the technology now available, it is possible to ask
and answer much more meaningful questions about the past.

We are now faced with an unprecedented and rapidly-moving situation that is governed by no
clear set of rules. As ancient DNA research expands to new regions of the world and attempts to
reveal the genetic landscape of the deeper past, more human skeletal material will be used.
Adding complexity to this situation is not only the increased emphasis on large sample sizes (some
recent publications have included hundreds of ancient individuals) but also that a cortical bone
sample with low morphological value is no longer considered to be ‘ideal’ material for ancient
DNA analysis.

Recent research has shown that the petrous portion of the temporal bone, and specifically the
cochlea of the osseous inner ear housed inside the petrous, can provide up to 100x more
endogenous human DNA per unit of bone powder than other skeletal elements (Gamba et al.
2014; Pinhasi et al. 2015). While tooth roots, and particularly the layer of cementum covering the
roots, have also been shown to be an optimal substrate for ancient DNA analysis – for example,
Hansen et al. (2017) identify significantly higher endogenous DNA recovery for teeth than parietal
bone – the petrous is still the most targeted skeletal element for ancient DNA analysis. This has
troubled some anthropologists who have highlighted the fact that it is also a particularly infor-
mative skeletal element for morphological analysis (Ponce de León et al. 2018; Trinkaus 2018). Yet
ancient DNA research shows no signs of slowing down, and archaeologists are now faced with
another ground-breaking technique that is looking for access to a precious resource in order to
investigate humanity’s past.

Destructive analysis in archaeology: an example from radiocarbon dating

Archaeologists have conducted destructive analyses of human skeletal material to acquire scien-
tific data since at least the inception of radiocarbon dating almost 70 years ago. As with ancient
DNA, some archaeologists were initially hesitant to fully incorporate radiocarbon analyses into
their work (Pollard and Bray 2007). While these early analyses provided crucial archaeological data
in the form of absolute dates, many archaeologists were uncertain about the value of radiocarbon
dating, not because it destroyed samples, but because the technique disrupted how archaeology
was practised, from chronology-building to theory-building (Taylor 1997).

Prior to the advent of accelerator mass spectrometry (AMS), bone (human and non-human) was
not viewed as an ‘ideal’ candidate for radiocarbon dating (Taylor 1992, 376). The development of
AMS ‘revolutionized’ radiocarbon dating (Bronk Ramsey 2008) and, along with pre-treatment
procedures, made human bone a much more viable candidate for dating. While only 200 mg (or
less) of bone material is needed for AMS dating, the success and wide application of the technique
have paradoxically increased the amount of human bone damaged for analytical purposes.
Archaeologists quickly warmed to the idea of using human bone for dating purposes, possibly
because a variety of skeletal elements were shown to be equally successful. For example, small
fragments of cortical bone with low morphological value could be selected for radiocarbon dating,
leaving skeletal elements with anthropologically important features untouched.

Radiocarbon dating is now unquestionably an essential part of an archaeologist’s toolkit. The
practice of applying these destructive methods to human bone with the end goal of obtaining
radiocarbon dates is now common practice and indeed is seen as essential to many serious
publications. Archaeologists, artefact repositories, and government agencies do not automatically
approve requests for radiocarbon dating, however, and are careful to balance the benefits that
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come from this type of destructive analysis against the loss of material, as demonstrated by
statements of best practice, such as that promulgated by the United States National Park Service:

Federal collections are subject to provisions under 36 CFR 79, which stipulate that ‘The federal agency
official shall not allow uses that would alter, damage, or destroy an object in a collection unless. . . such use
is necessary for scientific studies or public interpretation and the potential gain. . . outweighs the potential
loss of the object.’

(https://www.nps.gov/archeology/collections/coll_05.htm).

While many museums, repositories, or governing bodies curating bones have their own criteria
for giving permits for destructive analysis (though some do not, further emphasizing the need for
a standard set of best practices), the large number of published studies involving radiocarbon
dating of human remains demonstrates that archaeologists and repositories frequently decide that
the potential value of the information acquired through this analysis outweighs the destructive
impact on skeletal assemblages. Increasingly though, and especially in North America (and other
places with well-defined legislation surrounding descendance), decisions to pursue destructive
analysis may hinge on the cultural affiliation of skeletal remains. While archaeologists and artefact
repositories may feel that the data gained far outweigh the loss of 100 mg of bone material, the
destruction of even small amounts of bone may still be viewed as a profound loss in communities
that see themselves as descended from the population whose remains are being analysed. We
therefore advocate that in all ancient DNA studies involving such material, researchers identify
whether any associated indigenous, descendent, or guardian communities can be identified, fully
consider the impact of their research on these communities, and engage with these communities
throughout the course of their research project (e.g. Bardill et al. 2018; Grealy et al. 2016).

Whether or not indigenous communities are involved, researchers are called upon to treat
human skeletal material with respect (for details on the behaviours that constitute respectful
treatment of human remains, see the 1989 World Archaeological Congress Vermillion Accord),
which includes being as minimally impactful as possible. It now seems more necessary than ever
to directly address a pressing question: How far are we from a standard framework governing the
destruction of human skeletal remains for ancient DNA? There is currently no universally accepted
framework, although an effort to develop discipline-wide standards was recently initiated
(Prendergast and Sawchuk 2018). These standards are not consistently applied at present, how-
ever, and further discussion is needed. Here, in the hope of stimulating dialogue among archae-
ologists and geneticists, we suggest a set of best practices surrounding destructive sampling
techniques for ancient DNA analysis.

Sampling for ancient DNA: best practices

It is the responsibility of all involved stakeholders to balance analytical goals with the damage that
sampling for ancient DNA will cause to a skeletal specimen. This should involve determining
whether ancient DNA can contribute to the resolution of clearly defined research questions,
determining the best method for sampling, and evaluating whether the genomic data obtained
justifies the destruction of some part of a skeletal specimen. Prendergast and Sawchuk (2018)
provide a comprehensive guide for developing an ancient DNA research program that maximizes
success in terms of scientific outcome and collaborative engagement while minimizing loss to
institutional collections of human skeletal material. We expand upon several of these ideas
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pertaining directly to the selection of skeletal material for analysis and discuss specifically a set of
best practices surrounding the use of the petrous for ancient DNA analysis.

1. Identify the research questions that will be addressed with paleogenomic data to determine
the number of samples that are needed to meaningfully contribute to the resolution of these
questions.

As has been noted elsewhere (Furholt 2018; Johannsen et al. 2017; Klejn et al. 2017; Piscitelli
2019; Sedig 2019), some of the most highly cited and publicized ancient DNA studies focus on
reconstructing large-scale human migration events or instances of ancient population interactions
and admixture (e.g., Olalde et al. 2018; Posth et al. 2018). In contrast, archaeological studies more
often focus on the detailed study of a particular time, place, or group of people of which the
archaeologist has intimate knowledge. In this sense, geneticists and archaeologists are occupying
different spheres; however, these spheres overlap substantially, and we believe it possible for both
parties to achieve a mutual understanding through engaged conversation and the identification of
a unified research strategy.

A notable issue in this context is that addressing many of the types of questions of high interest
to archaeologists (for example, familial relatedness patterns across cemeteries) often requires
larger sample sizes from particular contexts than geneticists typically request. This is because
the analysis of genome-wide data effectively allows for the exploration of thousands of an
individual’s ancestors, making large sample sizes unnecessary for population genetics work. This
may be in contrast to a situation with which an archaeologist is more familiar, where many dozens
of samples must be studied to recover data pertaining to questions of social organization and
concepts of identity for which population-wide genetic data is often not necessary (Piscitelli 2019;
Jakob.W 2019). We have witnessed instances where there has been a negotiation between
archaeologists wishing to study larger numbers of samples from sites whose ancestry is already
well understood, and geneticists who do not need to study more samples from these sites for the
purposes of characterizing ancestry. If the combined goals of all participating parties were agreed
upon beforehand, these different expectations could be resolved.

We therefore suggest that, before engaging in any destructive sampling, collaborating teams of
archaeologists and geneticists have conversations that determine the scale of focus of the
proposed analysis (e.g., a site-specific study, a region-specific study, a time-transect), appreciating
that all scales of analysis are necessary pieces of a more comprehensive understanding of the past,
and recognizing that the actual results of analysis may differ from expectations. This collaborative
group should agree upon clearly defined research questions to be investigated with ancient DNA.

A strategy which includes the number of individuals to be sampled from each archaeological
context should be developed prior to the commencement of sampling. The number of individuals
selected should be large enough to contribute to the resolution of relevant research questions, but
not so large that it generates data that does not make a meaningful contribution to the pre-
determined questions of interest. Relevant (or potentially relevant) geographical and chronological
windows should be considered. Most importantly, all members of the collaboration should agree
upon the sampling strategy prior to the collection of samples.

To minimize the impact of destructive sampling on collections, analysing the majority of
individuals from a single archaeological context should be avoided unless a specific previously
defined research question requires this approach or unless the number of individuals from that
broad archaeological context is so limited that each sample will make an important contribu-
tion to understanding ancestry. In this context, it is crucial to remember that a small subset of
samples can often provide profoundly rich information regarding population history. Yet, as
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mentioned above, such an approach should be balanced appropriately to meet the research
goals of project collaborators and ensure that generated data will relevant to both geneticists
and archaeologists.

2. Be realistic about the likelihood of analytical success and consider how results will be
disseminated.

While a crude estimate of macroscopic preservation made prior to sampling often correlates with
molecular preservation (Hansen et al. 2017), there are currently no objective criteria for determining
whether skeletal samples will yield usable genetic data except for genetic analysis itself (Bollongino,
Tresset, and Vigne 2008). As such, stakeholders must consider whether the destruction of an irreplace-
able skeletal specimen is worth the potential of obtaining paleogenomic data.

The detrimental effects that high temperatures, exposure to humidity orwater, and open depositional
environments have on ancient DNA preservation are well known; however, methodological and
computational developments (e.g., Ginolhac et al. 2011; Dabney et al. 2013; Jónsson et al. 2013;
Damgaard et al. 2015; Korlević et al. 2015; Boessenkool et al. 2016; Hajdinjak et al. 2018) have opened
the doors to ancient DNA analysis of material from such contexts. Though there are exceptions, ancient
DNA analysis using osteological material from low-altitude sites in hot and dry or hot and humid regions
such as the Near East (e.g., Broushaki et al. 2016; Lazaridis et al. 2016; Feldman et al. 2018; Harney et al.
2018), Africa (e.g., Schuenemann et al. 2017; Skoglund et al. 2017; Elkamel et al. 2018; Fregel et al. 2018;
van de Loosdrecht et al. 2018), Southeast Asia (e.g., Lipson et al. 2018; McColl et al. 2018) and South
America (e.g., Lindo et al. 2018; Víctor et al. 2018; Posth et al. 2018) require techniques optimized for the
recovery and analysis of damaged DNA present in low quantities. As it becomes increasingly likely that
many stakeholders may face the option of sacrificing a small piece of skeletal material to potentially
obtain the rich data that can be provided by ancient DNA analysis, we believe it is important that the
various possible analytical outcomes are outlined for improved understanding. First, a sample may have
little or no preserved endogenous ancient DNA and will not be a candidate for inclusion in any
paleogenetic study. Second, a sample may yield a sufficient amount of endogenous ancient DNA
(tens to hundreds of thousands of Single Nucleotide Polymorphisms – SNPs) to enable statistical
population genetic analyses that depend upon the knowledge of genetic sequence at a large number
of positions across the genome. Third, a sample may be so well preserved that genome-wide high-
quality sequencing is possible as well as economical.

Before agreeing to sampling, all stakeholders should consider the potential impact that each outcome
would have on their overall research program. For all outcomes, collaborators should develop a plan for
reporting and publishing data. In the ideal case, all samples for which ancient DNA analysis was
attempted should be publicly reported, regardless of whether a sample succeeds or fails to produce
data. Currently, the dedicated reporting of negative results is not common practice in ancient DNA
research, where hundreds of samples may fail to produce data. Although full reporting for all failed
samples may be excessive, providing basic information such as sample number, site name, and element
sampled in a table or spreadsheet will provide valuable information for researchers who may want to
avoid requesting samples from the same specimen. In addition, the creation of a public record of all
analyses – especially destructive ones – is an important step toward increased transparency surrounding
ancient DNA analysis.

3. Fully assess the chances of generating robust data from the petrous against the selection of
other skeletal elements.

When human remains are selected for ancient DNA analysis, it is imperative to maximize the
chances of generating as much endogenous DNA as possible. The selection of the petrous as the
starting material for ancient DNA analysis and strict adherence to anti-contamination protocols
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throughout all steps of sample processing are two factors that contribute to analytical success and
substantially reduce the amount of destructive analysis that is performed.

We advocate for the use of the petrous as often as possible because of its optimal preservation
of DNA; however, prior to the selection of this bone element for destructive analysis, we encou-
rage all parties to discuss the impact of selecting this particular element for analysis. In some cases,
for example, when only a single petrous is available, but multiple well-preserved teeth with intact
roots are available and loose, a tooth root may instead be the preferred substrate for analysis.
While we encourage consideration of this issue on a case-by-case basis, we focus this section on
the analysis of the petrous element in ancient DNA analysis.

The emphasis on the petrous as the optimal substrate for ancient DNA analysis (described
above) has been critiqued (Trinkaus 2018) in light of its potential use as an indicator of human
variation (Ponce de León et al. 2018). An argument has been made that tooth roots provide
another optimal substrate for ancient DNA work and may be present in greater number than the
petrous (Hansen et al. 2017), meaning that the use of a single tooth root for the purposes of
ancient DNA analysis may be interpreted as having less of a destructive effect; however, it has
been shown that under various preservation conditions, material from the petrous yields high
endogenous DNA content more often than tooth cementum, making the petrous bone the ‘safest
bet’ (Hansen et al. 2017:11). Indeed, sampling of the petrous is a significant reason for the
increased recovery of ancient DNA from the environmental contexts mentioned above.

The significant improvement in ancient DNA yield associated with the use of the petrous should be
weighed against the much lower yield that will likely result from the use of a less-optimal skeletal
element (such as any postcranial bone and possibly tooth roots) and we encourage critical considera-
tion of pros and cons before the selection of any skeletal element for ancient DNA analysis. It is of
utmost importance that best practices (some discussed in greater detail in Prendergast and Sawchuk
2018) are followed when a petrous will be used for ancient DNA analysis. These include:

● In all cases, only one petrous should be sampled for ancient DNA. Whenever possible, we
recommend restricting sampling for ancient DNA to individuals that have both right and left
petrous present in acceptable states of preservation so that one is preserved for future
research. In some circumstances, however, it would be appropriate to sample the only
petrous that is available for an individual. This would be justifiable, for example, in cases
where it is the only material available for addressing important archaeological questions.

● All sampling should be done by a trained bioarchaeologist or anthropologist or a geneticist
with training in human osteology. This person should be able to identify a petrous, determine
its side, identify the essential landmarks required to ensure the cochlea is present, assess it for
any morphological abnormalities, and keep clear and informative records of the sampling
process. Inexpert handling of specimens can result in the destruction of unique skeletal
material without scientific benefit.

● Whenever possible, a disarticulated petrous that can be processed in an ancient DNA clean
room should be selected. Processing the bone in a sterile environment minimizes the chances
of introducing additional contamination that may have detrimental downstream effects. If an
isolated petrous is not available, we recommend the use of cranial base drilling (CBD) (Sirak
et al. 2017) to obtain bone powder directly from the cochlea by approaching it from the base
of the skull rather than the use of a sub-optimal postcranial element (see Table 3 from Sirak
et al. 2017 for a quantitative comparison of methods). Performing CBD requires specialized
training and should only be conducted by someone trained in this method.
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● Whenever possible, we highly recommend that all discernible anatomical and morphological
data be collected prior to any destructive sampling. In such instances, X-ray computed [micro-
] tomography ([μ]CT or micro-CT) scanning should be considered. This may be particularly
pertinent in cases of especially unique samples, such as the only representatives of whole
ancient archaeological cultures or early modern human or archaic remains.

4. Ensure the deposit of raw sequencing data in a publicly accessible repository and fully report all
protocols used.

In this sense, the standards in the field of ancient DNA are already excellent. These standards
have in multiple instances helped to correct errors in the literature. For example, an error in the
first African genome published by Gallego-Llorente et al. (2015) was identified by a researcher in
another laboratory; the authors of the original study then went on to publish a corrected analysis.

Indeed, ancient DNA has set a standard in the area of data sharing for archaeological research.
A study by Anagnostou et al. (2015) found that ~97.6% of published ancient human DNA data was
shared, a rate far higher than physical anthropology, where samples and raw data are often not
accessible to independent researchers even after publication. The authors state that ‘the case of
human paleogenetics tells us that widespread awareness of the importance of Open Science may
be important to build reliable scientific practices even in the presence of complex experimental
challenges’ (Anagnostou et al. 2015, 1).

The unique relationship between geneticists and archaeologists

The ideas presented here describe an ideal scenario, but hope is that these principles will be
considered as part of every collaborative project. The importance of active dialogue between
archaeologists and geneticists around principles like these is emphasized by contrasting the
experience that many archaeologists have with laboratories that provide commercial scientific
services with the experience they are likely to have working with ancient DNA.

In a hypothetical scenario, an archaeologist excavated a site and would like to procure radiocarbon
dates from multiple burials. Small bone fragments are sent to a laboratory for radiocarbon dating at
a cost of $400–600 per sample. The archaeologist likely had sufficient training to understand the basic
data returned with the radiocarbon dates and is now in control of how, when, and where these dates
will be published. This template – selecting a sample, paying a fee for analysis, receiving data, and
independently developing a publication plan – is not what archaeologists should currently expect with
ancient DNA. Instead, a successful ancient DNA project requires the diverse skill sets that both
archaeologists and geneticists bring to the table at different points during the project, as well as the
intimate and ongoing collaboration between the two groups. Specifically, specialized bioarchaeolo-
gical training is needed to identify optimal skeletal samples, an ancient DNA laboratory is needed for
sample preparation, and sophisticated computational techniques are required to process and analyse
raw DNA sequences. Once data are generated, both geneticists and archaeologists should contribute
to their interpretation and publication.

The fact that ancient DNA laboratories, mostly staffed by non-archaeologists have been increas-
ingly requesting access to and analysing large numbers of skeletal elements is also a new situation for
archaeologists who, along with biological anthropologists, have traditionally led research into ancient
skeletal samples. While the trend of ancient DNA laboratories analysing large amounts of skeletal
material has been characterized by some as a competition (Callaway 2017), another interpretation is
that this perspective reflects unease on the part of archaeologists that the materials of which they
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have long been the custodians are now being analysed by researchers without traditional archae-
ological or anthropological training. We believe that active and engaged collaboration between
archaeologists and geneticists is therefore essential, as the two communities have far more shared
interests, centred upon an interest in understanding the deep human past, than divergent ones.

Finally, methods that aim to increase ancient DNA success rates are continuously under
development, which means that some samples will be damaged in order to improve current
techniques (although ancient DNA laboratories almost always keep processed samples [bone
powder or DNA extracts], making re-analysis with improved future methods a possibility). Most
museums or repositories curating human remains have their own criteria for granting permission
for destructive analyses, and the fact that ancient DNA analysis is sometimes not successful and
that methods are still being refined makes weighing the potential gain against the loss of bone
much more challenging than with well-established techniques such as radiocarbon dating.
Without discipline-wide standards, these subjective decisions are difficult. Yet the rate of improve-
ment in techniques for ancient DNA analysis is slowing down as the field matures, and current
methods are now regularly generating highly useful data.

Conclusion

It has been pointed out that while close collaboration between archaeologists and geneticists is an
essential part of informed scientific research on the human past (Halcrow et al. 2018), a truly
integrated collaboration ‘cannot be defined by just the quantity of joint papers: it comprises
discussion, meetings, conferences, and negotiation’ (Pollard and Bray 2007, 256). Thus, the primary
purposes of this paper were to contribute to the dialogue surrounding the development of
guidelines for destructive analysis of human skeletal material for ancient DNA and to situate the
current relationship between ancient DNA and archaeology within the context of how other
destructive methods were incorporated into the archaeological toolkit. Although any analysis
that requires the destruction of human remains should not be taken lightly, ancient DNA analysis
has the potential not only to reveal new insights about the past but also help break down barriers
between seemingly disparate groups of people.

Earlier in this paper, we asked: How far are we from a standard framework governing the destruction
of human skeletal remains for ancient DNA? A discipline-wide framework has yet to be achieved, but
discussions and forums such as this issue of World Archaeology constitute important steps to devel-
oping more comprehensive and refined standards that will govern future work. Yet we also note that
standards are likely to vary, due to the different approaches and perspectives towards destructive
analysis held by different archaeologists in different parts of the world. Despite these varied
approaches, we do feel that some standards should be met, which we have detailed above. While
we recognize that adopting these standards may affect the pace at which ancient DNA research
proceeds, it is our hope that the practices outlined in this paper are recognized as essential to the
continued ethical development of an integrated discipline of archaeogenetics.

While the criteria for other destructive analyses in archaeology developed organically over time,
the exponential growth of ancient DNA in just a few years has forced the simultaneous develop-
ment of methods and standards. The work that has already been done to bridge the gap between
archaeologists and geneticists is encouraging. Through further dialogue on the development of
a set of criteria that should be met before sampling occurs and the importance of mutually
beneficial goals set by both archaeologists and ancient DNA specialists, it should be possible to
make further progress toward an integrated field of archaeogenetics.
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