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Abstract: is paper is the second of two that explore metric sex estimation of ancient
Egyptian human skeletons. e purpose of the study is to create metric sex estimation
methods that are specific to ancient Egyptians, and to ensure the methods will be of value
to other researchers by testing them on a dissimilar sample from the same population. e
population-specific methods were created using a reference sample consisting of 318 adult
individuals. e majority of individuals were recovered from cemeteries in Giza, which
date to the Old Kingdom (n=106) or the Late Period (n=154). In addition, 43 individ-
uals date to Predynastic Period Keneh, 13 individuals to Middle Kingdom Sheikh Farag,
and two individuals to Ramesside Period ebes. Sex was estimated using standard mor-
phological techniques. Discriminant function analysis with a stepwise approach was used
to create the metric methods. e test sample consists of the skeletal remains of 119 (81
male, 38 female) adult individuals recovered from the Saqqara-West cemetery site. is
site consists of burials dated to both the late Old Kingdom (n=28) and the Ptolemaic Pe-
riod (n=91). e results of this test demonstrate that a number of the population-specific
methods presented herein might be of value to other researchers working in Egypt, provided
their sample derives from the same time period(s) and geographic locations as the reference
and test samples used in this study.
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Introduction

Sex estimation is critical to the identification of human skeletal remains, and is integral
to our understanding of past human societies and how they functioned. For exam-
ple, studies of past mortuary practices and causes of mortality, which are important
because of their presumed relationship to social organisation, behaviour and function-
ing, would be severely limited were it not possible to estimate the sex of individuals
with an acceptable degree of accuracy and reliability (Milner et al. 2000:467–497).
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Sex is most accurately assessed by morphological examination of the bony pelvis;
however, this is not always possible when skeletons are badly damaged or fragmented.
A number of bioarchaeologists currently engaged in ongoing excavation projects in
Egypt have described the importance of, and their reliance on, metric sex estimation
methods because of issues related to poor preservation of the skeletal remains they
excavate (Kaiser 2008:51; Rose 2006; Zabecki & Dabbs 2010; Zabecki et al. 2012).
Whilemetric sex estimationmethods havemany advantages overmorphological meth-
ods—they are easy to apply, result in fewer indeterminate cases, and more readily
lend themselves to statistical testing and data manipulation—they are also subject to
a number of important limitations, including their reliance on differences inmeasured
skeletal dimensions. Human body size and proportions have been found to vary con-
siderably among populations (Ruff 2002). Male and female body size and skeletal
proportions often overlap, and in extreme cases, the males from one population may
actually be smaller than the females from another population (Migliano et al. 2007).
As a result, metric methods for estimating sex are particularly prone to error because
they are based on absolute differences in measured skeletal dimensions and the sec-
tioning points used to separate the sexes are only reliably applied to the population
used to create the technique (Rogers 2005). is was clearly demonstrated in Part I
(Marlow 2016), as well as in previous research (Cowal & Pastor 2008; Marlow& Pas-
tor 2011). A number of commonly-cited and popularly-used metric sex estimation
methods created using “modern” (c. 19 and 20 century) reference collections of
American and European individuals resulted in accuracy rates as low as 35% when
applied to skeletal remains from ancient Egypt (Marlow 2016).

A very well explored solution to this issue is the creation of population-specific
metric sex estimation methods. Such methods have so far been created for numerous
archaeological and modern populations, including prehistoric Scottish (MacLaugh-
lin & Bruce 1985), prehistoric Central Californian (Dittrick & Suchey 1986), New
Zealand Polynesian (Murphy 2005), medieval Croatian (Šlaus & Tomičić 2005), an-
cient Japanese (Özer & Katayama 2008), modern South African (Barrier & L’Abbé
2008), Guatemalan (Ríos Frutos 2005), and Greek (Steyn & Işcan 2008). Two stud-
ies have additionally addressed the need to create population-specific metric sex esti-
mation equations for ancient Egyptian populations (Dabbs 2010; Raxter 2007), and
the accuracy of these methods was tested on a different Egyptian sample in Part I
(Marlow 2016).

Testing of all newly-created, population-specific metric sex estimation equations
should be a routine component of the methodology of studies that aim to create new
metric techniques. is is due to the nature of the statistical procedures used to create
the new methods, in which classification of sex is based on classification coefficients
that are derived from the sample under study (the skeletal reference sample). As a
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result, the coefficients usually work too well for the sample from which they were
derived (Tabachnick & Fidell 1996:545), and the accuracy rate produced may not
necessarily provide a realistic estimate of the ability of the metric method to separate
males and females. Tests of accuracy, where a method is applied to a different sample
from the population used to create the method, are therefore strongly encouraged
before new population-specific metric sex estimation methods can be presented for
use by other researchers.

e purpose of this research is two-fold: to create newmetric sex estimationmeth-
ods using discriminant function analysis that are specific to the ancient Egyptians and
to test the functions on a different skeletal sample from ancient Egypt to validate their
use in this population. e overall goal of this research is to create a suite of metric sex
estimation methods of high and tested accuracy that might be of value to other bioar-
chaeologists conducting research into the culture and civilisation of ancient Egypt.

Materials and methods

Population-specific metric sex estimation methods were created using a skeletal refer-
ence sample consisting of 318 adult individuals. ese individuals are represented by
either a complete skeleton (n=162) or an isolated cranium (n=156). e majority of
individuals were recovered from cemeteries in Giza, which date to the Old Kingdom
(c. 2686–2160 BC; n=106) or the Late Period (c. 664–332 BC; n=154). In addition,
43 individuals date to Predynastic Period (up to c. 3000 BC) Keneh, 13 individuals to
Middle Kingdom (c. 2055–1650 BC) Sheikh Farag, and two individuals to Rames-
side Period (c. 1186–1069 BC) ebes. e locations of the sites sampled are shown
in Figure 1. e skeletal collections are held at the PeabodyMuseum at Harvard Uni-
versity, Boston, US; the Natural History Museum (NHM) Vienna, Austria; and the
Leverhulme Centre for Human Evolutionary Biology, University of Cambridge, UK.

e sex of each skeleton included in the reference sample was estimated using
three standard methods (Buikstra & Ubelaker 1994:16–19; Ferembach et al. 1980;
Phenice 1969):

1. assessment of the Phenice characteristics (presence or absence of the ventral arc,
the shape and appearance of the subpubic concavity and the appearance of the
medial aspect of the ischiopubic ramus),

2. morphological assessment of sexually dimorphic features of the bony pelvis (ossa
coxae and sacrum), notably the shape and form of the ilium, pelvic inlet, pubic
bones, subpubic angle, obturator foramen, greater sciatic notch, preauricular
sulcus, as well as the shape and level of curvature of the sacrum,



30 Emily J. Marlow, Iwona Kozieradzka-Ogunmakin

3. morphological assessment of sexually dimorphic features of the skull (occiput,
supraorbital ridges, glabella, mastoid processes, frontal and parietal eminences,
orbits, zygomatics, palate, occipital condyles, mandible, mental eminence, and
gonial angle and flare).

Figure 1. Map of ancient Egypt showing key cemetery sites and important cities and
settlements. Adapted frome Oriental Institute, University of Chicago, Map Series.
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Each individual sex indicator of both the bony pelvis and skull was scored after its
level of masculinity and femininity in accordance with Buikstra and Ubelaker (1994:
21), where:

0 = Indeterminate sex: there are insufficient data available for sex estimation,
1 = Female: there is little doubt that the features represent a female,
2 = Probable female: the features are more likely to be female than male,
3 = Ambiguous sex: sexually diagnostic features are ambiguous,
4 = Probable male: the features are more likely to be male than female,
5 = Male: there is little doubt that the features represent a male.

e use of this methodology necessitates that the reference sample used to cre-
ate the population-specific methods was an estimated sex sample due to the current
lack of large series of ancient Egyptian skeletons of known sex. ere are, however, a
number of important limitations associated with this methodology, notably because
it creates a circular argument. An estimated-sex reference sample is used to gener-
ate metric sex estimation equations; these equations are used to estimate sex in an
unknown-sex target sample. However, given that skeletons were only included in the
reference sample if they were assessed to be unambiguouslymale or female, and that an
inter-observer error test of morphological sex estimation revealed no systematic bias in
the first author’s ability to assign sex to unknown individuals using the methodology
described (Marlow 2016), the impact of this limitation should be minimal.

e population-specific methods were developed in the SPSS statistical software
package (version 20.0) using discriminant function analysis with a stepwise approach.
is procedure is amultivariate statistical approach that can be used to predict a binary
categorical variable, such as sex, from a group of independent variables, such as skeletal
measurements (Albanese 2003).

Test sample

e test sample consists of the skeletal remains of adult individuals recovered from the
late Old Kingdom (Fifth–Sixth Dynasties; c. 2494–2181 BC) and Ptolemaic Period
(c. 332–30 BC) cemeteries at Saqqara, located immediately west of the Step Pyra-
mid complex of Pharaoh Djoser (c. 2667–2648 BC). Presently located around 40km
south-west of the capital city of Cairo, the Saqqara necropolis was one of several ex-
tensive cemetery sites (including neighbouring Giza) that served the population of the
ancient Memphite region as burial grounds from the Early Dynastic (c. 3000–2686
BC) to the Byzantine Period (AD 395–641). To date, the Saqqara-West site, which
represents only a fraction of the entire Saqqara necropolis, has yielded almost 700
burials uncovered during excavation works conducted annually since 1996 by a team
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from the Polish Centre of Mediterranean Archaeology, University of Warsaw (Myśli-
wiec et al. 2004; Myśliwiec 2008; Myśliwiec et al. 2010; Myśliwiec 2013).

e sample consists of 119 adults excavated and examined between 2006 and
2012 by the second author (IK-O). e sex of nine individuals was positively iden-
tified as male by the presence of mummified external genitalia and/or well-preserved
soft tissue of the face exhibiting facial hair. ese individuals were classified as the
‘known sex’ subsample. An additional 110 individuals were confidently sexed using
non-metric identification of sex-specific characteristics of the bony pelvis and skull, as
described previously. Of these 110 individuals, 72 were male and 38 were female. Age
estimations were primarily based on pubic symphyseal and auricular surface changes
(Brooks & Suchey 1990; Lovejoy et al. 1985), and further supplemented by the de-
gree of dental attrition and cranial suture closure (Brothwell 1965; Miles 1962; Smith
1984). Skeletal elements exhibiting pathological changes were not included. e ma-
jority of individuals (n=91) date to the Ptolemaic Period; 28 individuals date to the
late Old Kingdom.

Metric data were collected as part of the skeletal analysis performed on site at
Saqqara by IK-O. is study utilises five dimensions of the cranial and post-cranial
skeleton:

• glabello-occipital length of cranium (GO) – the most anterior point on the
frontal bone in the midline to the most distal point on the occiput in the mid-
line, measured in the midsagittal plane,

• maximum breadth of cranium (MW) – the greatest breadth of the cranium,
perpendicular to the median sagittal plane (avoiding the supramastoid crest),

• maximum bi-zygomatic diameter of cranium (DB) – the maximum width be-
tween the lateral surfaces of the zygomatic arches measured perpendicular to
the median sagittal plane,

• femoral head diameter (FHD) – the maximum diameter of the femoral head,
wherever it occurs,

• proximal epiphyseal breadth of tibia (PEB) – the maximum distance between
the condyles (usually slightly below the articular surfaces).

ese dimensions were selected for two reasons. First, they were included in the
discriminant functions developed using data from the study reference sample and are
therefore required to test the functions. Second, they were common to the two pieces
of research conducted independently by IK-O and the first author (EJM).

Each of the population-specific discriminant functions created by EJMwas blind-
tested on all individuals in the test sample for whom the required measurements were
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available. A comparison of sex estimates using morphological versus metric methods
was only made after all scores had been calculated and recorded. e metric estimate
of sex was deemed to be “correct” if it was in agreement with the morphological es-
timate. Accuracy rates in percent were calculated for males and females separately by
dividing the total number of correct sex estimates for the equation by the number
of individuals to whom the function could be applied, and multiplying the result by
100. In this context, ‘accuracy’ actually refers to consistency with the morphological
sex estimate, given that the skeletal reference sample is of estimated sex. A weighted
mean accuracy (consistency) rate for males and females combined (‘total accuracy’)
was obtained by adding the counts of correct sex estimation across the two sexes and
dividing by the total number of cases across the sexes, then multiplying the result by
100.

Intra-observer and inter-observer error

e ability to replicate measurements reliably and precisely is an essential compo-
nent of osteometric-based studies. In the present study, precision and reliability were
evaluated using tests of intra-observer error, to establish the level of error associated
with repeated measurements taken by the same observer, and inter-observer error, to
establish the level of error associated with repeated measurements taken by different
observers.

A randomnumber generator was used to select a subsample of skeletons or isolated
crania from each of the three collections used to create the study reference sample. All
skeletal dimensions were then remeasured on a separate day after all original measure-
ments had been collected. In total, measurements were retaken for 22 skeletons.

Precision was assessed using three separate measures:

1. percent intra-observer error,

2. paired samples t-test

3. technical error of measurement (TEM).

To allow comparison of TEM between different dimensions, percent or relative
TEM was additionally calculated using the following equation: (TEM ÷ mean) ×
100 = %TEM (Ulijaszek & Kerr 1999). In this form, the %TEM represents an esti-
mate of error magnitude relative to the size of the measurement; smaller percentages
represent more precise measurements.

e reliability of the measurement of each dimension listed was assessed using an
equation that calculates the reliability coefficient, R, a value that ranges from 0 (not
reliable) to 1 (complete reliability). is coefficient reveals what proportion of the
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between-subject variance in a measured population is free from measurement error.
In the case of a measurement with an R-value of 0.9, 90% of the variance could be
attributed to factors other than measurement error (Ulijaszek & Lourie 1994). Al-
though there are no recommended values for R, values greater than 0.95 are generally
taken to indicate small errors and good quality control (Goto &Mascie-Taylor 2007;
Ulijaszek & Kerr 1999). e reliability of the measuring instruments used in the
study was further assessed by examining the Pearson correlation coefficient, r, which
places a numerical value on the degree of agreement between test and retest measure-
ments taken on the same individual. As a general rule, an r of 0.80 or higher indicates
reliability (Spatz 2001).

A test of inter-observer error was conducted to determine the level of error asso-
ciated with repeated measurements made by the two study authors (EJM and IK-O)
for the five skeletal dimensions listed previously. e inter-observer error test sample
consisted of two crania, two femora, and two tibiae, and forms part of the unprove-
nanced but very well preserved skeletal material held within the Tissue Bank at the
KNH Centre for Biomedical Egyptology, University of Manchester, UK. Each ob-
server used the same recording form, the same equipment (for example, the same type
and brand of sliding or cranial calipers), and worked from the same list of skeletal
landmark and/or dimension definitions. Each observer collected their measurements
independently and without reference to the other. Similar to the test of intra-observer
error, inter-observer precision and reliability were evaluated by calculating mean per-
cent absolute error, TEM, %TEM, and R for each of the five skeletal dimensions used
in this study.

Results

Intra-observer and inter-observer error

A total of 22 randomly selected individuals were included in the intra-observer error
test sample. Of these, 16 individuals were represented by a complete skeleton; six were
represented by a cranium only. Overall, the results of the intra-observer error test,
given in Table 1, revealed that the measurements used in this study can be precisely
and reliably measured.

Across all five dimensions, the average mean percent error is 0.4, with no individ-
ual measurement exceeding 1%. Similarly, no dimension exceeded 1% for %TEM.
e results of the paired samples t-test demonstrated that for femoral head diame-
ter (FHD) the retaken measurements were statistically significantly higher than the
original measurements, using a significance level of 0.05. Examination of the Pear-
son correlation coefficient for each dimension revealed that the method of measuring
the skeletal dimensions included in the study was reliable (r≥0.80) for all five di-
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mensions. Similarly, the coefficient of reliability, R, scores for all five dimensions was
greater than 0.99, suggesting that less than 1% of the variance associated with the
means of the original and retaken measurements was the result of measurement error.

e results of the inter-observer error test are given inTable 2. Overall, the results
appear to suggest that the five skeletal dimensions used in the study can be reliably
measured by two different observers; however, a larger sample size would be required
to confirm this finding.

Across all five dimensions, the average mean percent absolute error is 0.90, with
no individual measurement exceeding 3%. As with the test of intra-observer error,
the highest level of error is associated with measurement of the femur. e skeletal
dimension exhibiting the lowest mean percent absolute error, the lowest TEM and
the lowest %TEM was obtained for the maximum bi-zygomatic diameter of the cra-
nium (DB). All five dimensions exceeded the critical value of reliability, R, of 0.95,
which is indicative of small errors and good quality control. Overall, these results
suggest that the measuring techniques of the two study authors (EJM and IK-O) are

Table 1. Results of the intra-observer error test.

Dim.¹ N Precision Reliability Paired t-test
Mean % error TEM, mm %TEM R r T-value P-value

GO 20 0.36 0.61 0.34 0.993 0.992 -0.459 0.652
MW 18 0.13 0.17 0.12 0.999 0.999 -0.487 0.633
DB 13 0.17 0.25 0.20 0.998 0.999 -1.594 0.137
FHD 14 0.62 0.28 0.65 0.994 0.999 -2.639 0.020
PEB 9 0.88 0.58 0.85 0.988 0.998 0.483 0.642
¹Dimensions: GO – glabello-occipital length of cranium; MW – maximum width of cra-
nium; DB – maximum bizygomatic diameter of cranium; FHD – femoral head diameter;
PEB – proximal epiphyseal breadth of tibia.

Table 2. Results of the inter-observer error test between the two study authors.

Dim.¹ N Precision Reliability
Mean % error TEM, mm %TEM R

GO 2 0.50 0.95 0.52 0.988
MW 2 0.64 0.63 0.47 0.965
DB 2 0.08 0.07 0.06 >0.999
FHD 2 2.50 0.56 1.20 0.996
PEB 2 0.79 0.43 0.55 0.997
¹Dimensions: GO – glabello-occipital length of cranium; MW –
maximum width of cranium; DB – maximum bizygomatic diam-
eter of cranium; FHD – femoral head diameter; PEB – proximal
epiphyseal breadth of tibia.
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similar enough to allow conclusions to be drawn from tests based on data collected
by different observers.

Population-specific discriminant functions

e population-specific discriminant functions created are given inTable 3. e table
additionally provides the cross-validated accuracy rates associated with each function,
both in total, and in males and females separately. e first function was created
using cranial dimensions of the complete study sample, the second function using
measurements from the femur and tibia of the complete study sample, and the third
function using cranial measurements from the Late Period Giza subsample. is ap-
proach was taken because it enabled analysis of the effect of the composition of the
reference sample on accuracy rates.

Table 3. Population-specific discriminant functions.

Function 1 Function 2 Function 3
GO¹ 0.108 0.160
MW² -0.074
DB³ 0.146 0.166
FHD⁴ 0.247
PEB⁵ 0.178
Constant -38.163 -22.718 -39.949
Sectioning point⁶ -0.005 -0.004 -0.0105
Male accuracy, %⁷ 86.2 94.1 93.8
Female accuracy, %⁷ 86.7 91.4 89.4
Overall accuracy, %⁷ 86.4 93.0 91.8
¹ GO – glabello-occipital length of cranium.
²MW – maximum width of cranium. ³DB – maximum bizy-
gomatic diameter of cranium. ⁴ FHD – femoral head diameter.
⁵ PEB – proximal epiphyseal breadth of tibia.
⁶ Discriminant scores greater than the sectioning point indicate a
male individual; scores less than the sectioning point indicate a
female individual. ⁷ Cross-validated.

Accuracy of population-specific discriminant functions

Table 4 shows the calculated accuracy rates associated with the application of each
function to the skeletal test sample from Saqqara-West.

Of the three discriminant functions tested, only Function 1, requiring measure-
ment of GO and DB, was able to produce acceptable accuracy levels in both males
and females. However, when the results are broken down by time period, the result
for Ptolemaic Period females was a little below the 80% cut-off point at which metric
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Table 4. Accuracy rates, broken down by sex and time period, associated with the
application of discriminant functions to the sample of skeletons from the Saqqara-West

necropolis.

Population Correct sex estimates
Total Male, n/N Male, % Female, n/N Female, %

Function 1
Old Kingdom 88.2 8/10 80.0 7/7 100.0
Ptolemaic Period 78.0 20/25 80.0 12/16 75.0
Total 81.0 28/35 80.0 19/23 82.6

Function 2
Old Kingdom 94.7 12/12 100.0 6/7 85.7
Ptolemaic Period 87.5 46/46 100.0 17/26 65.4
Total 89.0 58/58 100.0 23/33 69.7

Function 3
Old Kingdom 82.4 7/10 70.0 7/7 100.0
Ptolemaic Period 78.0 20/25 80.0 12/16 75.0
Total 79.3 27/35 77.1 19/23 82.6

sex estimation methods are generally considered useful (Rogers 1999). Considering
the known-sex subsample only, of the five individuals to whom Functions 1 and 3
could be applied, one individual was misclassified, whereas all seven individuals to
whom Function 2 could be applied were correctly sexed.

Discussion

is study is unique because it is the first to both create and test metric sex estimation
methods that are specific to the ancient Egyptians. e findings of the test demon-
strate that Functions 1 and 2 are accurate enough to be used to estimate the sex of
skeletal remains from Old Kingdom (but not Ptolemaic Period) contexts at Saqqara;
Function 1 could additionally be considered in individuals from either time period.

None of the functions tested performed particularly well in the Ptolemaic Period
subsample. is indicates that the skeletal proportions of the individuals included
in this subsample differed to those of the individuals in the reference sample. ere
are several reasons why this might be the case. e first is that the reference and tar-
get populations experienced different conditions during the crucial periods of growth
and development. Given the composition of the reference (predominantly Predy-
nastic Period and Old Kingdom) and target samples (Ptolemaic Period), these two
groups could be considered to differ with respect to subsistence strategy, socioeco-
nomic status, and access to resources, as well as in other ways such as genetic makeup
and child-rearing practices. Previous research has demonstrated that growth in body
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size during infancy and early childhood is relatively similar in populations growing
under optimal environmental conditions. is suggests that any deviations in growth
during this period are a reflection of environmental and socioeconomic differences
rather than genetic differences (Graitcer & Gentry 1981; Habicht et al. 1974). Dif-
ferences in the growth of children from low socioeconomic backgrounds compared
to those from high socioeconomic backgrounds reported in the literature include re-
duced stature and body weight, delayed skeletal maturation, and prolongation of the
growth period (Dreizen et al. 1967; Graitcer & Gentry 1981; Habicht et al. 1974;
Martorell et al. 1979). Other researchers have documented changes in stature in re-
sponse to changing subsistence strategies (Cardoso & Gomes 2009; Larsen 1982;
Mummert et al. 2011; Taylor 2010; Tobias 1962), notably the switch to agriculture.
According to several authors, this switch results in an initial decrease in food qual-
ity and quantity and a concomitant decrease in stature and health status (Cohen &
Armelagos 1984; Larsen 1995; Nickens 1976; Starling & Stock 2007; Stini 1971;
Stock et al. 2011:347–367; Zakrzewski 2003).

Previous research has documented that the switch from a hunter–gatherer to an
agricultural subsistence economy in ancient Egypt developed hand-in-hand with the
formation of the state and the rise of hierarchical society (Hassan 1988; Marcus 2008;
Wenke 1989, 1991). One theory linking the adoption of agriculture with the devel-
opment of social stratification is that the elite class developed from groups of indi-
viduals with the desire to control agricultural surplus (Bard 1992; Castillos 2007;
Frood 2010). Ultimately, this would lead to a society divided in terms of the qual-
ity and quantity of resources at the disposal of members of different social groups.
For example, evidence from CT scans of mummies suggests that individuals of high
socioeconomic status had access to ‘luxury’ foods that were high in saturated fats (Al-
lam et al. 2011; David et al. 2010; ompson et al. 2013). us, individuals growing
in an environment of optimal, or at least plentiful, nutritional resources might be
expected to exhibit different adult body size or proportions to individuals who may
have suffered protein-calorie malnutrition at some point during childhood given the
known relationship between stature, social status and access to resources (Komlos
1990; Steckel 1995).

Mortuary evidence suggests that the Ptolemaic Period individuals buried at Saq-
qara-West belonged to the non-elite social class. ese individuals were predomi-
nantly deposited in shallow pit graves dug in the desert sand that contained minimal
or no burial goods (Myśliwiec 2008, 2013; Myśliwiec et al. 2010). By comparison,
the Old Kingdom burials, which were located beneath the sand and colluvial deposits
into which the former graves were dug, consisted of rock-hewn shaft tombs equipped
with subterranean burial chambers and grave goods. e individuals buried in these
tombs at Saqqara-West were therefore considered to belong to the upper or governing
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classes (Myśliwiec et al. 2004, 2010; Myśliwiec 2013). Similarly, the Old Kingdom
Giza skeletal remains, which form a large proportion of the reference sample used
in this study, were excavated from the Western Mastaba Field near the Great Pyra-
mid of Khufu, which was thought to hold the tombs of the governing classes and
high officials (Der Manuelian 2009:23; Reisner 1942). e presence of a class divi-
sion at Giza is additionally supported by the findings of more recent excavations at
the site. For example, in the end of season report for the 1997 Koch-Ludwig Giza
PlateauMapping Project, Lehner (1997) notes that a large number of young male cat-
tle bones were found in what could be a Fourth Dynasty ‘rubbish dump’. Cattle are
generally viewed as a costly source of meat; therefore, Lehner (1997) suggests that his
team “…could [have been] digging the discarded remains of an expensive way of life.”
Despite this, the remains of fish, a cheap and common source of meat protein, were
additionally found in abundance. is may suggest that a ‘working class’ also lived in
close proximity to the ‘elites’ and that the two social groups were not completely seg-
regated in this early period (Lehner 1997). Although the evidence appears to support
the theory that the reference and Ptolemaic Period samples were not comparable in
terms of social status and access to resources, and therefore may not have experienced
similar conditions during growth and development, this is only one interpretation.

A second explanation for the differences in skeletal size and proportions of the
reference sample and Ptolemaic Period subsample is that they exhibited different lev-
els of genetic diversity. A number of studies examining cranial and dental traits for
time-successive series of ancient Egyptian skeletal remains suggest that the basic pop-
ulation demonstrated a high degree of uniformity throughout the entire Dynastic
Period (Berry & Berry 1972; Irish 2006), but underwent a significant change in the
Ptolemaic Period (Berry et al. 1967). During this time Memphis was a flourishing
centre for trade and commerce, and experienced a significant amount of immigration
and infiltration by other ethnic groups (Angel 1972; ompson 1988:82). Accord-
ing to Keita (1992) this migration is likely to have had a “major genetic impact” on
the Egyptian population that probably occurred immediately prior to and during the
Ptolemaic Period. is is supported by the findings of Schillaci and colleagues (2009),
who found that the highest level of group diversity, as assessed using non-metric cran-
iodental data and measures of biological distance, occurred during the Ptolemaic and
Roman Periods.

Discriminant Function 3, which was created using data from the Late Period
Giza (‘Gizeh E’) cranial sample, was unable to produce an acceptable accuracy rate
in both males and females when applied to the test sample, even when broken down
by time period. Several of the points discussed previously may also be relevant here
in explaining this finding. In addition, a number of authors have suggested that the
Gizeh E series is an atypical Egyptian sample, the crania possessing morphological fea-
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tures that are distinct from other Predynastic and early Dynastic Period samples from
the Egyptian Nile Valley (Howells 1973; Keita 1990; Nikita et al. 2012; Zakrzewski
2004). Other authors have suggested that Near Eastern and European crania may
be present in the ‘E’ series, which contains crania from the final periods of dynas-
tic Egypt, periods that were characterised by increased foreign rule and immigration
(Brace et al. 1993; Keita 1990). Alternatively, it is possible that the entire series repre-
sents a non-indigenous, immigrant population, the individuals of which were buried
together in a separate and discrete cemetery; such practices are attested in other parts
of the Memphite necropolis (ompson 1988:88). As such, it may be fair to suggest
that the development of metric sex estimation methods based on the metric measure-
ments of this series for use in ancient Egyptian samples is not appropriate, unless use
of the resulting functions is restricted to other specimens from the same series.

A significant advantage of the test sample used in the present study is that a small
proportion was individuals whose sex was known thanks to the preservation of soft
tissue and facial hair. It is expected that ongoing excavations at Saqqara-West may
reveal additional individuals of known sex. When combined with CT scanning or
other imaging of named mummies, it might be possible that a known-sex reference
sample of sufficient size will become available to researchers exploring questions and
issues related to sex estimation in ancient Egyptian skeletal remains. Ultimately, this
would be the only really useful way of creating metric sex estimation equations, as
it would negate some of the problems associated with the use of an estimated sex
reference sample.

Conclusion

is is the first study to both create and test the accuracy of new sex estimation meth-
ods using reference and test samples from different ancient Egyptian subpopulations.
e results of the test demonstrated that Functions 1 and 2 may be used by other
researchers to estimate sex in ancient Egyptian skeletal remains, provided the target
sample is similar in composition (both in terms of historical period and geographic
location) to the reference and test samples used herein.

e results of this study are relevant to all researchers working with ancient Egyp-
tian skeletal remains who require metric methods of sex estimation of high and tested
accuracy that may be applied to even highly fragmented skeletons or isolated bones.
e ability to accurately estimate sex has a key role in all studies examining health and
disease, stature, body treatment, diet and social status/organisation, given that many
of the conclusions reached would be meaningless were it not possible to establish the
demographic profile of the samples used.
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