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Looting is a significant destructive force at archaeological sites; grave robbing, in particular, leaves human re-
mains and cultural heritage irreparably damaged. Al-Widay, a necropolis excavated by the Oriental Institute Nu-
bian Expedition near the Fourth Cataract region of the Nile River, is a site with important implications for
understanding the taphonomy of archaeological looting. Over 60% of the tumuli excavated at Al-Widay were dis-
turbed in antiquity, making the site an ideal case study for examining the effects of looting on ancient human
skeletal remains. Our research applies bioarchaeological methods of quantifying fragmentation to an assessment
of “Culturally Significant Anatomical Regions” in order to evaluate the nature and degree of human disturbance
activity at this necropolis. At Al-Widay, site reports document looted graves (n= 22), unlooted graves (n= 14),
and a sample of graves (n = 42), for which the level of disturbance is unknown. Fisher's exact test showed sig-
nificant differences in the bioarchaeological patterning of looted versus unlooted contexts, and a cross-validated
logistic regression model was used to sort five unknown graves into looted and unlooted categories, providing a
quantitative bioarchaeological method for the identification of looting.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Burial disturbance in the form of revisitation, looting, and bioturba-
tion is ubiquitous in the archaeological record. However, burial distur-
bance activities are not restricted to contemporary practices and
processes. Law 25 of the Hammurabi Code (Roth, 1995) and later New
Kingdom Egyptian texts (Botti and Peet, 1928) describe some of the
first recorded instances of criminal burial disturbance. The collection
of New Kingdom (1100 BCE) papyri, translated and collected as “The
Great Tomb-Robberies of the Twentieth Egyptian Dynasty” details
looting activities, compiles inventories of materials looted, and de-
scribes the punishments of each looter (Botti and Peet, 1928; Peet,
1930). It is evident that grave robbing is not an isolated activity for
which people are occasionally punished, but rather a long-standing
and wide-reaching social and political issue.

Archaeologists typicallyfindways ofworking around looting activity
at archaeological sites, and more recent work has attempted to account
for looting and disturbance of the material past in the framing of re-
search design and questions, which produces valuable insight into
looting as a social practice for heritage management as well as archaeo-
logical research (Al-Houdalieh, 2012; Conlee, 2011; Kaulicke et al.,
2012; Kersel and Chesson, 2013; Sneddon, 2002; Stone, 2008; van
Velzen, 1996;Webb and Frankel, 2009). Examining disturbance activity
.

(e.g., looting) at archaeological sites provides a long-term geopolitical
perspective on occupation and landscape use, and the addition of
bioarchaeological indicators provides valuable information on the inter-
actions between archaeological bodies, funerary material culture, and
living people.

Workingwith human remains from disturbed or unknown contexts
can be an obstacle to archaeologists seeking to interpret funerary prac-
tices. The absence or extreme fragmentation of the cranial and postcra-
nial regions of the skeleton also present obstacles to reconstructing
aspects of prehistoric identity and lived experiences. However, research
on historical contexts has demonstrated that anthropogenic post-
mortem disturbance of graves has the potential to produce identifiable
patterns of skeletal preservation (Goff, 2011; Tward and Patterson,
2002). For example, during the salvage excavation of Fort Craig, archae-
ologists documented a peculiar pattern of anatomical preservation in
historic graves. Fort Craig is former military post in New Mexico,
where cemetery burials were moved by personnel before the post was
decommissioned. Archaeologists found that supposedly “empty” graves
actually contained many small bones of the hands and feet, as well as
ribs, vertebrae, hyoids, clavicles, sternums and scapulae. This pattern
of recovery is likely related to personnel targeting the largest and
most recognizable elements of the body (e.g. the skull, femur, tibia, pel-
vis, humerus and larger ribs) for removal, while missing or ignoring
smaller, less recognizable bones (Goff, 2011; Kimberly Spurr, pers.
comm.) The timing of post-mortemdisturbance also affects the pattern-
ing of skeletal preservation; during the heyday of anatomical grave-
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robbing during the 19th century, bodies were removed from graves be-
fore decomposition was greatly advanced (Tward and Patterson, 2002),
leaving a signature of disturbance in which all skeletal elements were
missing from the grave.

Our research uses recent developments in the study of skeletal ta-
phonomy, particularly fragmentation-zonation recording methods and
analyses of skeletal completion, to differentiate looted and unlooted
graves (Osterholtz et al., 2014; Stodder and Osterholtz, 2010; Knüsel
andOutram, 2004). The taphonomic patterning of looting activity is dis-
tinctive from ritualized skull removal (Bonogofsky, 2003; Kuijt et al.,
2009; Millaire, 2004; Strouhal, 1973), amputation (Bricker, 1976), and
burial relocation (Goff, 2011; Heinlen and Gray, 2010); and although
the congenital absence of bones is well documented in many human
populations, congenital absenceswere accounted for during initial oste-
ological analyses (Ingvoldstad, 2009).

This research refines bioarchaeological methods of analyzing
commingled and fragmentary human remains in order to illustrate a
Fig. 1.Map of location of Al-Wida
Adapted from Emberling, 2011.
method for incorporating human remains from looted contexts into ar-
chaeological investigations in the prehistoric or historic periods. The
methodology developed and discussed in this paper allows
bioarchaeologists to determinewhether preservation and presence-ab-
sence of skeletal elements is due to looting activity or non-human relat-
ed taphonomic processes. This approach is especially relevant for
scholars and professionals who are increasingly working within muse-
um contexts where stratigraphic evidence or information on distur-
bance are largely unavailable due to historical contingencies, or
proximity to excavations and communication with original excavators
may not be possible. Using a sample of burials fromKerma-periodNubi-
an contexts, we develop a model to predict grave context (e.g. “looted”
or “unlooted”) based on a combination of qualitative and quantitative
methods. While our sample of 36 burials is small, this study provides a
guide for future bioarchaeological research concerned with looting,
and it is our hope that future studieswill expand and elucidate the taph-
onomic patterning in human skeletal remains observed in this research.
y I in relation to other sites.



Fig. 2. Photo of remains from Al-Widay I, Emberling, pers. comm.
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Though other archaeological methods, including stratigraphic assess-
ment and remote sensing, are also appropriate to examining the ta-
phonomy of looting, our method is targeted towards the many
contexts in which such archaeological information is unavailable or
missing. This includes analyses of collections excavated prior to the de-
velopment and implementation ofmodern recordingmethods, andma-
terials that have been disassociated from their provenience information
due to civil or political unrest in their country of origin. Overall, this
study seeks to develop a model for quantitative skeletal approaches to
looting thatwill be useful for bioarchaeologists and archaeologists seek-
ing to identify evidence of looting in contexts where osteological mate-
rials are some of the best-preserved remains, or the only materials
available.

2. Materials

2.1. The excavation of Al-Widay I

Al-Widay I was excavated under the direction of Geoff Emberling
and Bruce Williams during the Oriental Institute Nubian Expedition
(OINE) of 2007 and 2008, as part of an international salvage project in
response to the construction of the Merowe Dam in the Fourth Cataract
region of northern Sudan (Fig. 1, Emberling, 2011). The 2007 and 2008
seasons included excavations and surveys of additional sites (i.e., Al-
Widay II, Umm Gebir, and Hosh el-Goruf, see Emberling and Williams,
2008).

In 2007, 32 graves were excavated with aim of identifyingmortuary
deposits at the periphery of each of the tombs; these tumuli were pri-
marily from the later Kerma Moyen period (2000–1750 BCE) and early
Kerma Classique periods (1750–1550 BCE) (Emberling et al., 2014;
Emberling and Williams, 2008; Paner et al., 2010). Seventy-six burials
were excavated during the 2008 season, primarily from the Kerma
Moyen period. A single Napatan period burial was also excavated but
is not discussed in this paper. These sites are currently submerged
under the Nile River as a result of the construction of the Merowe Dam.

2.2. The cemetery and skeletal sample from Al-Widay I

Excavations at Al-Widay I yielded 114 individuals in 105 graves.
Burials containing multiple individuals were composed of either two
adults, or an adult and juvenile/neonate, whichwere all primary burials
(Emberling and Williams, 2008; Emberling et al., 2014; Ingvoldstad,
2009). The age distribution of individuals follows the expected age dis-
tribution for an archaeological cemetery; thismortality curve suggests a
growing population with high fertility, which is reflected in the mortu-
ary population as high juvenile mortality (Ingvoldstad, 2009). Nearly
40% of the individuals from Al-Widay I are juveniles, and the proportion
of male to female individuals is approximately 1:1, which is expected in
a normal population (Bocquet-Appel and Naji, 2006).

The KermaMoyen circular tumuli dominate the northern part of the
Al-Widay I necropolis, whereas Kerma Classique rectangular burials are
primarily constrained to the southern part of the site. Emberling and
Williams (2010) suggest that as time passed new burials were added
to the southern side of the necropolis. The large mortuary structure in
the northernmost portion of the necropolis is dated to the Napatan Pe-
riod due to the presence of distinctive Napatan-style beads and amulets
within the structure (Emberling and Williams, 2008). Kerma Moyen
and Classique burials were dated using burial and ceramic typologies
corroborated by local radiocarbon dates (Emberling and Williams,
2008).

Ingvoldstad (2009) noted that the skeletal material excavated was
extremely friable and fragmentary. While the bones remained in situ,
many were considerably more intact than they were when processed
in the laboratory. The result of these destructive taphonomic processes
is confounding fragmentation, asmany of the bones were difficult to re-
move from the matrix. Aside from this taphonomic fragmentation, a
sample of burials were categorized as “looted in antiquity” by the exca-
vators. Some of the human remains were transformed and distorted by
the weight of the stones placed above the cranium on top of the burial
(Fig. 2). This placement has a compression effect on the bones that
caused deformation, crushing, and breakage in many of the bones, al-
though during excavation the anatomical region remained intact
(Ingvoldstad, 2009). This breakage resulted in some human remains
being too fragmentary for age or sex estimation.

2.3. Previous identifications of “looted” and “unlooted” burials

Using ArcGIS and base layers produced by the OINE project (James,
pers. comm.) the distribution of looted and unlooted tombs at Al-
Widay I was visualized in order to better understand how potential
looting affected different areas of the cemetery (Fig. 3). Known data
points were coded as “looted,” “unlooted,” or “unknown,” where no
data was available; these designations were based on the grave condi-
tion noted by the excavators during the field season. It is evident from
the distribution of grave conditions that although looting is ubiquitous
across all regions of the cemetery, the unlooted graves were spatially
constrained to the southernmost part of the cemetery (Fig. 3). Burial ty-
pologies also suggest that this southern portionwitnessed the latest use
of the cemetery. During excavation, “digging sherds”were recovered in
some of the looter's cuts and shafts that perforated the cemetery. The
excavators present these re-worked sherds as looters' tools, which
were presumably left behind at the time of the disturbance activity.
Out of the 11 instances where looting paraphernalia was recovered, 8
(~70%) locations co-occurred with the looted burial contexts. Addition-
ally, 7 of these 11 instances cluster in the southeast corner of the



Table 1
Culturally Significant Anatomical Regions.

CSAR Elements includeda

Cranium Cranial bones, except facial bones (vomer, ethmoid, palatines,
lacrimals) and auditory ossicles

Mandible Mandible, without dentition
Neck Atlas, axis, and cervical 3–6
Hands Scaphoid, lunate, triquetral, pisiform, trapezium, trapezoid, capitate,

hamate; metacarpals 1–5; proximal, intermediate, and distal manual
phalanges

Feet Calcaneus, talus, navicular, cuboid, 1st–3rd cuneiform; metatarsals
1–5; proximal, intermediate, and distal pedal phalanges

a Right and left sides where applicable.
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cemetery. Predictably, the digging sherds are associated with looted
contexts; in the case of the unlooted context finds, the sherds were as-
sociated with the surface level or were found in close proximity to the
grave, but not in the grave or in its fill.

3. Methods

3.1. Bioarchaeological methods: evaluating culturally significant anatomi-
cal regions

Before recording information on bone fragments, we identified re-
gions of the body most likely to be affected by looting using the ethno-
graphic and archaeological literature (Bianchi, 2004; D'Auria, 1982;
Emberling, 2011; Emberling and Williams, 2008; Emberling and
Williams, 2010; Kennedy, 1978; Nielson and Nouchiravan Dianaty,
1970; Reisner, 1923). The data available suggested that regions of the
body where valuable adornments may have been placed or worn
were those most likely to be looted in antiquity. We constructed a pro-
file of Culturally Significant Anatomical Regions (CSAR) relevant to pre-
Islamic Nubian burials based on the ethnographic data available on Old
Nubians (Kennedy, 1978), and archaeological data from Kerma
(D'Auria, 1982; Reisner, 1923) and Al-Widay I (Emberling, 2011;
Emberling andWilliams, 2008; Emberling andWilliams, 2010). The re-
sults of the ethnographic datawere then combinedwith known archae-
ological components in order to be as comprehensive as possible with
our analysis and interpretation. Culturally Significant Anatomical Re-
gions for pre-Islamic Nubian burials include the cranium, mandible,
neck, hands, and feet (Table 1): these directly correspond to areas of
the body that were typically adorned during burial throughout pre-Is-
lamic Nubia and are still adorned currently in some rural areas of
Sudan (D'Auria, 1982; Kennedy, 1978; Reisner, 1923). Although the
preservation of extremities is often variable and incomplete in archaeo-
logical contexts due to various non-human taphonomic processes
(Nelson, 1998), we chose to include these regions in our analysis
Fig. 3.Map of looted and unlooted tombs.
because they are important sites of adornment at death, and deepening
our understanding of some of the differences between non-human
taphonomic activity and human taphonomic activity is an important
component of the study.

Analyzing the Al Widay I material necessitated the creation of a nu-
anced methodological approach that assessed the remains with atten-
tion to the culturally- and historically-situated phenomenon of
looting. In particular, it was important to establish specific parameters
for informative fragmentation analysis and inventory. Accordingly, we
altered existing methodologies (Karr and Outram, 2012; Knüsel and
Outram, 2004; Stodder and Osterholtz, 2010) in order to control for
the amount of organicmaterial remaining in bones (a variablewhich af-
fects fragmentation), as well as to understand the taphonomic process-
es affecting the remains.

Zonation methods of quantifying presence and absence are increas-
ingly popular in bioarchaeological analyses; for this study two zonation-
fragmentation methods of analysis were modified in order to best un-
derstand the skeletal remains (Knüsel and Outram, 2004; Stodder and
Osterholtz, 2010). For easy comparison to other taphonomic studies,
we used language outlined for recording taphonomy in Standards
when possible (Buikstra and Ubelaker, 1994).

In order to develop a method for assessing fragmentation in a de-
scriptive and quantitative manner, we categorized the visually observ-
able differences between different types of bone breakage. The five
resultant categories were “absent,” “crushed,” “disarticulated,” “frag-
mentary,” and “present” (Table 2). The “absent” designation indicated
that the majority of an element was not present when assessed in the
laboratory. The “crushed” designation required the use of excavation
photographs in order to assess the presence of the anatomical element
Table 2
Quantitative and qualitative categorizations of taphonomic conditions.

Category Quantitative Qualitative

Absent b25% of anatomical
region/ bone present in
the laboratory

Anatomical region/bone absent from
the archaeological matrix

Crushed N25% of anatomical
region/bone present in the
laboratory

Anatomical region/bone appears
present and/or crushed in the
archaeological matrix

Disarticulated N25% of anatomical
region/bone present in the
laboratory

Anatomical region/bone was not
recovered in situ during excavations

Fragmentary 25–50% of anatomical
region/bone present in the
laboratory

Anatomical region/bone is present;
damaged post-mortem and prior to
excavation

Present N50% of an anatomical
region/bone present in
laboratory

Anatomical region/bone appears
present and complete in the
archaeological matrix

No data Based on individual's age estimation (b2 lunar years) elements
were not expected to be present and/or ossified and therefore not
considered for analysis in the above categories; Anatomical region
appears present in excavation photographs and in initial
osteological reports but could not be located for analysis in the
laboratory



Fig. 4. Taphonomic categories for unlooted graves (n = 14), by anatomical region.

Table 3
Collapsing taphonomic categories for statistical tests.

Original
taphonomic
categories

Fisher's exact tests Logistic regression model

Present Present (present,
crushed)

Present (present, crushed)
Crushed
Disarticulated Disturbed

(disarticulated,
fragmentary

Absent or disturbed
(disarticulated, fragmentary,
absent)

Fragmentary

Absent Absent

267K.M. Kinkopf, J. Beck / Journal of Archaeological Science: Reports 10 (2016) 263–271
or region in the archaeological matrix, and was used to describe ele-
ments that were N25% present, but appeared to be smashed or pulver-
ized into the archaeological matrix. The “disarticulated” condition
refers to the location of the recovered elements, as it designates bones
with N25% levels of preservation in the laboratory that were not recov-
ered in anatomical position during excavations. “Fragmentary” includes
elements with between 25 and 50% preservation, while “absent” refers
to bones that were missing and were not recovered during excavation.

These categories highlight important differences between different
types of preservation that are relevant to assessing whether or not
burials have been disturbed by looting activity. For example, the
“crushed” designation accounted for potentially confounding post-
mortem damage to the remains due to non-looting disturbance, such
as weighted stones above the burial and the weight of the soil. Regions
and bones that appeared crushed during excavation had a high number
of fragments relative to weight during laboratory analyses. In contrast,
bones that were “disarticulated” reveal post-mortemmovement of ele-
ments prior to excavation.

After the element or region was identified as present during excava-
tion, laboratory analysis was used to evaluate the degree of element
preservation as well as the taphonomic condition of the element. To
control for categorization bias produced by excavators' designations of
burials as either “looted” or “unlooted,” the grave condition of each buri-
al was removed from its information file when coding the taphonomic
condition of CSAR regions.

The quantitative evaluation of each category was accomplished
through a standard skeletal inventory of the remains from Al-Widay,
housed at the Osteology Lab at New York University's Center for the
Study of Human Origins. Percentage completeness of each anatomical
region was calculated through a combination of size sorting and
weighing, and feature-based fragment identification building in partic-
ular on Stodder and Osterholtz (2010) and Knüsel and Outram
(2004). Completeness of the cervical vertebrae, or the neck region,
was calculated based on Standards, where N75% completeness of the
vertebral body and at least two articular facets present for observation
constitutes a complete vertebral element (Buikstra and Ubelaker,
1994). Mandible completenesswas calculated by dividing themandible
into four portions: two anterior portions and two posterior portions.
Cranial, hand, and foot completeness was calculated based on the
models provided in Stodder and Osterholtz (2010) and Knüsel and
Outram (2004). We account for the expected absence of the hand and
foot bones due to excavation and bioturbation by allowing the presence
of 75% or more of the phalanges to indicate phalanx completeness,
Table 4
Collapsing anatomical regions for statistical tests.

Original anatomical regions Fisher's exact tests Logistic regression model

Cranium Cranium Skull (cranium, mandible)
Mandible Mandible
Neck Neck Neck
Right hand Right hand Hand (right hand, left hand)
Left hand Left hand
Right foot Right foot Foot (right foot, left foot)
Left foot Left foot
which is used in conjunction with carpals and metacarpals and tarsals
andmetatarsals to calculate completeness for the hand and foot regions,
respectively.

3.2. Statistical methods

One primary objective of this research was to assess whether there
were significant differences between the preservation of anatomical re-
gions within a single sample, and whether there were significant differ-
ences in the preservation of anatomical regions between the looted and
unlooted samples. Assessing the strength and nature of such differences
was an important first step in determining whether quantitative
bioarchaeological distinctions exist between looted and unlooted
graves. First identifying which anatomical regions showed the greatest
differences between looted and unlooted contexts also allowed us to
make informed choices about the categories used when constructing
the logistic regression model.

Many cells in the unlooted sample (n = 14) contained counts with
values b5, and many cells in the unlooted sample contained counts
with values b10. Accordingly, multiple 2 × 2 Fisher's exact tests were
performed in order to examine whether there were differences be-
tween anatomical regions within the looted sample. Fisher's exact
tests were conducted in the statistical package R, and P was set at 0.05
before performing the tests. In order to increase sample size, the original
taphonomic conditions were collapsed for each statistical test (Table 3).

Fisher's exact tests were also used to examine whether there were
significant differences in taphonomic patterning between the looted
and unlooted samples. In order to increase counts per cell, certain ana-
tomical regions were collapsed for this test, merging the cranium and
Fig. 5. Taphonomic categories for looted graves (n = 22), by anatomical region.



Table 5
Taphonomic categories for unlooted graves (n= 14), and looted graves (n= 22) by ana-
tomical region.

CSARa Unlooted Looted

Present Disturbed Absent Present Disturbed Absent

Skull 27 1 0 11 12 21
Neck 14 0 0 3 5 14
Hand 18 6 4 10 15 19
Foot 22 2 4 20 8 16

a Skull = cranium and mandible; Hand = left and right hands; Foot = left and right
feet.
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mandible into a “skull” category, the right hand and left hand into a
“hand” category, and the right foot and left foot into a “foot” category
(Table 4). P was set at 0.05 before performing the test. The taphonomic
categories of “present” and “crushed” were collapsed in order to in-
crease counts; we believe the categories of “present” and “crushed”
both signify a lack of human disturbance or looting in the taphonomic
processes. Elements identified during analysis as “crushed” were likely
in that taphonomic state due to the practice of placing large stones
above the burial or due to the weight of the soil as described in
Section 2.2, because these conditions are not associated with looting,
they were collapsed for these statistical analyses.

Finally, a logistic regression was constructed in R using all observa-
tions for which grave condition (e.g. looted or unlooted) was known.
The script for this model was based on the cv.glm bootstrap function
from the R boot package, available online.1 An annotated version of
the R script used to build the logistic regression model, along with the
skeletal data set (modified so that tomb numbers and tomb identifiers
are obscured) are available as appendices to this article. This model
assigned observations to either a “looted” or “unlooted” category
based on the pattern of preservation of CSAR regions. A binomial re-
sponse variable was used to indicate grave condition, with 1 = looted
and 0 = unlooted.

Each run of the model was built using 35 of the 36 observations for
which grave condition was known, and then tested on the observation
not used in the model. This process of “leave one out” cross-validation
iterated through all observations to estimate the prediction error rate
for the model. The prediction error reflects the percentage of category
assignations made in error (i.e. when an iteration of the model assigns
an observation to the “looted” category when it is actually “unlooted,”
or to the “unlooted” category when it is actually “looted”). The cross-
validated logistic regressionmodel was then used to sort the five obser-
vations forwhich grave conditionwas unknown into either the “looted”
or “unlooted” categories.
4. Results

4.1. Results of bioarchaeological data collection

Bioarchaeological data collection revealed differences in
preservational patterning between the looted and unlooted samples
(Figs. 4, 5). Initial exploratory data analysis suggested that the unlooted
assemblagewas dominated by a high number of elements characterized
as present for each anatomical region (Fig. 4). In contrast, the looted
sample showed a more even distribution of elements between the
present, “disturbed, and absent categories for each anatomical region,
with a slight bias towards absent elements for most anatomical regions
(Fig. 5).

This distinction was maintained even after individual anatomical
regions were collapsed as outlined in Table 4; collapsed anatomical
regions within the unlooted sample were largely present or disturbed,
while collapsed anatomical regions within the looted sample were
1 https://stat.ethz.ch/R-manual/R-devel/library/boot/html/cv.glm.html
overwhelmingly classed as absent (Table 5). Counts of the number of
observations in each area are listed in Table 5 (note that skull, hand,
and foot categories add up to double the sample size because values
from the left and the right were collapsed for these categories).

4.2. Results of Fisher's exact tests

The Fisher's exact tests conducted for the disturbed sample pro-
duced only two significant results (Table 6). There were significant dif-
ferences between the number of elements present versus absent for the
neck and right foot, and between the number of elements present ver-
sus absent for the neck versus left foot (p-value = 0.035 in both
cases). These results reflect that significantly more neck bones are ab-
sent than foot bones in looted contexts.

Noneof the 2× 2 comparisons of differences between anatomical re-
gions within the unlooted sample were significant. All results from the
Fisher's exact test produced p-values N0.05 (Table 7).

The Fisher's exact test that compared the unlooted and looted sam-
ples showed significant differences in the proportions of the present vs.
disturbed elements for the cranium, mandible and neck, and significant
differences in the proportion of present vs. absent elements for the cra-
nium, neck and right hand (Table 8).

CSAR regions were then collapsed in order to increase counts per
cell. A second Fisher's exact test comparing the collapsed categories
for the unlooted and looted samples showed significant differences in
the proportions of present vs. disturbed elements for the skull, neck,
and hands, and significant differences in the proportions of present vs.
absent elements for all CSAR regions (Table 9).

4.3. Results of cross-validated logistic regression

The results of the cross-validation for the logistic regressionmodel
showed an estimated prediction error rate of 0.166, meaning that ap-
proximately 17% of the model predictions for known observations
were incorrect, while approximately 83% of the model predictions for
known observations were correct. The logistic regression model was
then used to sort the five observations for which grave condition was
unknown into either “unlooted” or “looted” categories (Table 10). As
the response variable for grave condition set 1 = looted and 0 =
unlooted, we selected 50% as our prediction threshold. Predictions
N0.50 led burials to be classed as looted, while predictions b0.50 led
burials to be classed as unlooted. This process classified the unknown
burial from Tomb H-j 106 as looted, and unknown burials from Tomb
I 46 and Q 60 as unlooted. The remaining burials from tombs W-r 7
and H-f were missing information about the taphonomic condition of
the neck or feet, and so predictions could not be established.

5. Discussion

Our results suggest that the looted burials from Al-Widay show a
quantifiable signature of post-mortem disturbance. In particular, Cul-
turally Significant Anatomical Regions are more likely to be absent or
disturbed in looted burials. These results have implications for future re-
search at Al-Widay and in Sudan, and serve as a model for future work
on the bioarchaeology of looting.

First, our analyses demonstrated that CSAR elements in looted
burials have an equal likelihood of being present, disturbed or absent.
Statistically speaking, the cranium, mandible, hands, and feet each pre-
served a roughly equivalent number of bones in the present, disturbed,
and absent taphonomic categories. These results suggest that in the Nu-
bian context, looted burials can be distinguished from unlooted burials
by their more variable taphonomic signature. Future research analyzing
the patterning of skeletal preservation in looted burials from other re-
gions, and from other time periods will help to establish whether
these patterns hold cross-culturally.

https://stat.ethz.ch/R-manual/R-devel/library/boot/html/cv.glm.html


Table 6
Results of Fisher's exact test-values for looted sample (p-values).
(P = Present, D = Disturbed, A = Absent, R = Right, L = Left). * = significant.

Cranium Mandible Neck (R) Hand (L) Hand (R) Foot (L) Foot

Cranium PD 1.000 1.000 0.697 1.000 0.252 0.252
Cranium PA 0.712 0.243 0.700 1.000 0.491 0.491
Cranium DA 0.481 0.311 1.000 1.000 0.705 0.705

Mandible PD 0.664 0.670 1.000 0.403 0.403
Mandible PA 0.688 1.000 0.478 0.176 0.176
Mandible DA 1.000 0.725 0.296 1.000 1.000

Neck PD 1.000 1.000 0.187 0.187
Neck PA 0.678 0.233 0.035* 0.035*
Neck DA 0.495 0.179 0.704 0.704

(R) Hand PD 1.000 0.116 0.116
(R) Hand PA 0.450 0.158 0.158
(R) Hand DA 0.730 1.000 1.000

(L) Hand PD 0.252 0.252
(L) Hand PA 0.722 0.722
(L) Hand DA 0.459 0.459

(R) Foot PD 1.000
(R) Foot PA 1.000
(R) Foot DA 1.000
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While the cranium, mandible, hands, and feet from looted burials
showed similar taphonomic patterning, the cervical vertebrae revealed
a different preservational signature when compared to the bones of the
feet,with the distribution of neck bones from the looted burials showing
a greater number of absent neck bones. This underrepresentation of cer-
vical vertebrae could be related to a number of different factors. Looters
may have preferentially targeted the neck region in order to access
more valuable or symbolically important jewelry. Cervical vertebrae
may have been more susceptible to postmortem looting damage than
the bones of the cranium or the mandible, leading to breakage by
looters, and subsequent poorer preservation and archaeological
recovery. Finally, the functional morphology of the cervical vertebrae,
combined with differing stages of bodily decomposition when looters
accessed the tombs, may have affected the preservation of the neck
region. However, because Fisher's exact tests between the bones of
the neck, cranium,mandible, and hands showed no significant differ-
ences, analysis of the preservation of the cervical vertebrae in a
larger sample of burials is necessary in order to identify the causality
behind the potentially greater number of absent elements for this
region.

The second significant pattern in our results is that all CSARelements
showed similar patterning in the unlooted burials. The pattern of high
numbers of present bones, and lower numbers of disturbed and absent
bones held across the cranium, mandible, neck, hands, and feet. These
Table 7
Results of Fisher's exact tests for unlooted sample (p-values).
(P = Present, D = Disturbed, A = Absent, R = Right, L = Left, X = 2 × 2 contained more than

Cranium Mandible Neck (R) Han

Cranium PD 1.000 X 0.085
Cranium PA X X 0.183
Cranium DA X X X

Mandible PD 1.000 0.306
Mandible PA X 0.199
Mandible DA X 1.000

Neck PD 0.085
Neck PA 0.183
Neck DA X

(R) Han
(R) Han
(R) Han
results suggest that taphonomy unrelated to looting (e.g. bioturbation,
water action) affected all examined anatomical regions in a similar fash-
ion, as the majority of CSAR elements were present for all unlooted
burials.

Finally, there are significant differences in the preservation of CSAR
elements that distinguish the looted and undisturbed samples. The ex-
panded CSAR categories (Table 8), showed significant differences be-
tween the number of present and disturbed elements for the cranium,
mandible and neck. The expanded categories also show significant dif-
ferences between the number of present and absent elements for the
cranium, neck, and right hand. The lack of significancewhen comparing
the CSAR elements that are disturbed, relative to elements that are ab-
sent, is likely related to the extremely small counts of disturbed or ab-
sent bones in the unlooted burials (Fig. 4).

The differences in preservational patterning between the looted and
unlooted burials become even starker when CSAR categories are col-
lapsed to increase sample size. The collapsed categories show significant
differences between the number of present and disturbed CSAR ele-
ments for the cranium,mandible, neck and hands, and significant differ-
ences between the number of present and absent CSAR elements for all
anatomical regions. Two important conclusionsmay be drawn from the
results of the collapsed tests. First, that the signature that best differen-
tiates looted and unlooted burials is the number of CSAR elements that
are present relative to the number of CSAR elements that are absent.
one cell with a value of 0).

d (L) Hand (R) Foot (L) Foot

0.085 0.462 0.462
0.183 0.222 0.222
X X X
0.306 1.000 1.000
0.199 0.480 0.480
1.000 1.000 1.000
0.085 0.462 0.462
0.183 0.222 0.222
X X X

d PD 1.000 0.590 0.590
d PA 1.000 1.000 1.000
d DA 1.000 1.000 1.000

(L) Hand PD 0.590 0.590
(L) Hand PA 1.000 1.000
(L) Hand DA 1.000 1.000

(R) Foot PD 1.000
(R) Foot PA 1.000
(R) Foot DA 1.000



Table 8
Results of Fisher's exact tests, unlooted vs. looted (p-values).
(Expanded categories, * = significant).

Cranium Mandible Neck Hand (R) Hand (L) Foot (R) Foot (L)

Present vs. disturbed 0.002* 0.050* 0.004* 0.100 0.130 0.330 0.330
Present vs. absent 0.001* 0.000 0.000* 0.015* 0.099 0.129 0.129
Disturbed vs. absent 1.000 0.333 1.000 0.618 1.000 1.000 1.000
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Because all collapsed anatomical regions showed significant differences
between the looted and unlooted sample for this comparison, collapsed
categories were used when constructing the logistic regression model.
Second, the results for the collapsed comparison suggest that our sam-
ple of 36 burials of known grave condition was likely too small to iden-
tify asymmetrical patterning (i.e. differences between the right and left
sides of the body). Furtherwork analyzing larger samples of known con-
dition has the potential to address symmetrical or asymmetrical pat-
terning in skeletal preservation.

Finally, the low estimated predicted error that resulted from cross-
validation of the logistic regression model supports the patterns
identified by the Fisher's exact tests. Using only presence and absence
data for the four collapsed anatomical regions, the model was able to
correctly sort 83% of the observations into looted and unlooted catego-
ries. The high level of accuracy in differentiating looted and unlooted
burials, combined with the rapidity of skeletal inventory of CSAR ele-
ments, make this an important method for archaeologists and
bioarchaeologists working in contexts where looting is a concern.
Based on these statistical results it is possible to reconstruct grave con-
dition (“looted” or “unlooted”) using excavation photographs of in situ
human remains, skeletal inventory, or preferably a combination of
both lines of evidence.

Within the context of Nubian archaeology and bioarchaeology in
Sudan, the ability to reconstruct burial condition is key; looting is a com-
mon occurrence throughout antiquity and greatly affects both excava-
tions and laboratory analyses of mortuary sites. However, this method
was tested on a small sample, and multi-site future comparative
multi-site tests would strengthen this model. Examining variability in
the impact of looting on skeletal preservation is another much-needed
step, and future work assessing the taphonomic effects of looting in cul-
turally and geographically distinct regions is necessary. Recent interest
in looting due to regional civil unrest, military occupations, and govern-
mental changes has already begun to increase scholarly inquiry into
complex looting practices (Casana, 2015), and we anticipate continued
anthropological research will yield ethnographic and archaeological
data on the variability of looting practices and their historical trajecto-
ries. Additionally, if this approach is extended to sites where levels of
skeletal preservation are high, similar analyses that assess fracture pat-
terns in conjunction with absolute and relative dating could be used to
investigate the timing of looting relative to local and regional historical
trajectories, allowing archaeologists to develop a more nuanced under-
standing of the economic, political, and social factors that precipitated
looting activity in the past.

6. Conclusions

The study of looting in the recent and archaeological past has the po-
tential to inform bioarchaeological understandings of burial taphonomy
Table 9
Results of Fisher's exact tests, unlooted vs. looted (p-values).
(Collapsed categories, * = significant).

Skull Neck Hands Feet

Present vs. disturbed 0.000* 0.004* 0.021* 0.086
Present vs. absent 0.000* 0.000* 0.001* 0.026*
Disturbed vs. absent 0.382 1.000 0.481 1.000
and anthropological approaches to heritagemanagement and preserva-
tion. The taphonomic patterning of looted human skeletal remains is di-
rectly related to the relationship between looters' expectations and the
material they loot (i.e. their understanding of past cultural practices), in
addition to the nature of the material remains deposited as part of mor-
tuary practices in the past. Aside from contributions to the study of
looting practices, archaeologists are making substantial contributions
to the study of destruction and looting associated with contemporary
political movements (Al-Houdalieh, 2012; Azam, 2002; Casana, 2015;
Emberling and Hanson, 2008; Keenan, 2005).

We provide a targeted bioarchaeological method that assesses
looting using the taphonomic condition of specific regions of the
human skeleton. Identifying Culturally Significant Anatomical Regions
is a cornerstone of this method as it allows the approach to be tailored
to temporally and geographically distinct archaeological contexts. The
CSAR approach has the additional benefit of minimizing osteological
data collection as full skeletal inventories are not required. Our method
uses a basic statistical test to identify significant differences in looted
and unlooted burials where grave condition is known. The results of
these tests were then used to build a logistic regression model capable
of categorizing unknown observations. The CSARmodel provides a tem-
plate that can be used in a broad range of archaeological contexts, and
compliments the recent advances in archaeological methodologies in
remote sensing, which are focused on approaches to looting in the his-
toric and contemporary past (Contreras, 2010; Contreras and Brodie,
2010; Casana, 2015; Stone, 2008).
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Table 10
Linear regression prediction for unknown observations.
(Empty cells indicate missing data.)

Grave Condition Tomb ID Skull Neck Hand Foot Prediction

Unknown H-j 106 A A A A 1.000
Unknown I 46 P P P P 0.080
Unknown Q 60 P P A A 0.250
Unknown W-r 7 P P A NA
Unknown H-f P P A NA
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