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ABSTRACT Qualitative and quantitative methods are
employed to describe and compare up to 36 dental morpho-
logical variants in 15 Neolithic through Roman-period
Egyptian samples. Trait frequencies are determined, and
phenetic affinities are calculated using the mean measure
of divergence and Mahalanobis D2 statistics for discrete
traits; the most important traits in generating this inter-
sample variation are identified with correspondence analy-
sis. Assuming that the samples are representative of the
populations from which they derive, and that phenetic simi-
larity provides an estimate of genetic relatedness, these
affinities are suggestive of overall population continuity.
That is, other than a few outliers exhibiting extreme fre-
quencies of nine influential traits, the dental samples

appear to be largely homogenous and can be characterized
as having morphologically simple, mass-reduced teeth.
These findings are contrasted with those resulting from pre-
vious skeletal and other studies, and are used to appraise
the viability of five Egyptian peopling scenarios. Specifi-
cally, affinities among the 15 time-successive samples sug-
gest that: 1) there may be a connection between Neolithic
and subsequent predynastic Egyptians, 2) predynastic
Badarian and Naqada peoples may be closely related, 3) the
dynastic period is likely an indigenous continuation of the
Naqada culture, 4) there is support for overall biological
uniformity through the dynastic period, and 5) this uni-
formity may continue into postdynastic times. Am J Phys
Anthropol 000:000–000, 2006. VVC 2005Wiley-Liss, Inc.

Determinations of ancient Egyptian origins and affin-
ities have traditionally been based on similarities in cul-
tural remains among the region’s peoples. However,
because these data were often recorded in predynastic
and dynastic cemeteries, the associated skeletal remains
also came to be a focus of study to understand the peo-
pling of Egypt. By the mid-20th century, studies of Egyp-
tian crania and related analyses were commonplace (War-
ren, 1897; Fawcett, 1902; Pearson and Davin, 1924;
Stoessiger, 1927; Morant, 1935; Engelbach, 1943; Derry,
1956). Subsequent to this work, much of which has been
equated with racial typology (Keita, 1990, 1992, 1996), a
second wave of skeletal studies directed toward the con-
cept of population affinity arose (e.g., Berry et al., 1967;
Berry and Berry, 1972, 1973; Greene, 1972; Hillson, 1978;
Keita, 1990, 1992, 1996; Brace et al., 1993; Johnson and
Lovell, 1994; Prowse and Lovell, 1996; Irish, 1998a).
The purpose of the present investigation is to continue

and expand upon the population-based ‘‘inductive’’
approach (Greene, 1972, 1981; Keita, 1996) of these more
recent studies by analyzing dental traits in a collection of
samples representing most ancient Egyptian cultural
periods. Specifically, various statistical methods, includ-
ing multivariate distance analyses, are used to describe
and compare up to 36 crown, root, and intra-oral osseous
discrete traits in 15 Neolithic through Roman-period
Upper and Lower Egyptian samples. The intended goals
are to identify influential traits and determine intersam-
ple phenetic affinities. Assuming that phenetic similarity
provides a reasonable estimate of genetic relatedness
(Scott et al., 1983; Rightmire, 1999), and that the sam-
ples are representative of their respective populations,
the affinities will then be used to further explore several
existing Egyptian peopling scenarios.
Five scenarios, as necessitated by sample availability,

are presented and summarized. The first three pertain to
long-standing questions that are addressed by alternate

hypotheses. The final two are basically informal assump-
tions that have come to be associated with evidence con-
cerning native vs. foreign cultural influence. Each sum-
mary contains cursory background information on the
applicable cultures. A thorough population history is
beyond the scope of this paper; for that, the reader is
referred to the various sources cited here.
First, the origins of the predynastic Badarian culture

(ca. 4400–4000 BC) were questioned since being identified
by Brunton and Caton-Thompson (1928). Some postulate
that the ancestors of this Nile Valley group were non-
Egyptians from the east (Krzyźaniak, 1977) or south
(Brunton and Caton-Thompson, 1928; Arkell, 1975).
Others discounted an outside source, although an eastern
origin cannot be completely ruled out (Hendrickx and Ver-
meersch, 2000), and Keita (1990) found craniometric affin-
ities between Badarian and southern peoples. Today the
most widely accepted hypothesis asserts that the source,
with potential northern and eastern influence, were Neo-
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lithic peoples from Egypt’s Western Desert (Hassan, 1988;
Holmes, 1989; Hendrickx and Vermeersh, 2000; Midant-
Reynes, 2000a); this association is predicated on interre-
gional cultural similarities (Caton-Thompson, 1926; Has-
san, 1976, 1978, 1979, 1986, 1988; 1997a; Wendorf and
Schild, 1980; Hendrickx and Vermeersch, 2000; Kobusie-
wicz et al., 2004). The present study will specifically test
the likelihood of this latter indigenous link.
Second, the genesis of the Naqada is similarly debated.

This later predynastic culture comprised three phases:
Naqada I (ca. 4000–3500 BC), Naqada II (3500–3200 BC),
and Naqada III (3200–3000 BC) (Hassan, 1997a,b; Hen-
drickx, 1999; Midant-Reynes, 2000b; Bard, 2000). On one
hand, they may not be a continuation of the Badarian.
There are indications that the latter existed concurrently
with the more widespread Naqada I (Holmes and Fried-
man, 1989; Midant-Reynes, 2000a). Further, cranial met-
ric and nonmetric differences were reported between
groups (Keita, 1996; Prowse and Lovell, 1996). Petrie
(1939), discoverer of the type site (Petrie and Quibell,
1896), believed the Naqada were non-Egyptians from the
west. Baumgartel (1970) suggested a southern source. On
the other hand, many postulated Badarian-Naqada con-
tinuity based on material culture similitude (Brunton,
1932; Mond and Meyers, 1937; Massoulard, 1949; Arkell
and Ucko, 1965; Kantor, 1965; Fairservis, 1972; Hoffman,
1988; Midant-Reynes, 2000a,b). Yet this continuity might
have been limited to the Badari region. Elsewhere,
Naqada origins may be linked to an influx of refugees from
Egypt’s Western and Eastern Deserts (Holmes, 1989). A
dental comparison of Badarian and Naqada samples will
serve to assess the degree of their purported relationship.
Third, the advent of the dynastic period (ca. 3000 BC)

was tied to Naqada expansion into most of Egypt (Hassan,
1997b; Bard, 2000; Midant-Reynes, 2000a). During
Naqada III, kings at Hierakonpolis and Abydos initiated
the unification of Upper and Lower Egypt (Hassan, 1988,
1997b; Holmes, 1989; Midant-Reynes, 2000a); this consoli-
dation resulted in the celebrated civilization that came to
rule Egypt for nearly 3,000 years. Therefore, it is com-
monly held that the dynastic period is a result of an inter-
nal development from the Naqada (Childe, 1952; Arkell
and Ucko, 1965; Kantor, 1965; Holmes, 1989; Hassan,
1997b; Bard, 2000; Midant-Reynes, 2000a). This idea
counters a long-discredited hypothesis suggesting that a
foreign ‘‘race’’ invaded from west Asia during Naqada III
times (Petrie, 1939; Engelbach, 1943; Derry, 1956; Emery,
1961). If continuity is discerned between Naqada and
dynastic dental samples, the latter hypothesis can be fur-
ther discounted.
Fourth, with the possible exception of 13th and 15th

Dynasty Aamu and Hyksos, the first half of the dynastic is
thought to have largely been one of indigenous continuity.
In other words, this span, which comprises the Early
Dynastic (ca. 3000–2686 BC), Old Kingdom (2686–2125
BC), First Intermediate (2125–2055 BC), Middle Kingdom
(2055–1650 BC), and Second Intermediate periods (1650–
1550 BC), may have been little affected by foreign biocul-
tural influence relative to other Mediterranean-area
empires (Trigger et al., 1983; Watterson, 1997; Hornung,
1999; Bard, 2000; Bourriau, 2000; Callender, 2000; Malek,
2000; Shaw, 2000). However, by the second half of the
dynastic, Egypt became more cosmopolitan. Foreign input
increased in the New Kingdom (1550–1069 BC) with
immigrations of Libyans and Asians to complement a
Nubian inflow. This influence climaxed with the 21st–
25th Dynasty Libyan and Kushite rulers of the Third

Intermediate period (1069–664 BC), and 26th–27th
Dynasty Libyan and Persian rulers of the Late Dynastic
(664–332 BC) (Trigger et al., 1983; Watterson, 1997;
Hornung, 1999; Bryan, 2000; Shaw, 2000; van Dijk, 2000;
Taylor, 2000; Lloyd, 2000a). Local culture remained
mostly intact through all of this (Lloyd, 2000a), though
later peoples may have become physically more diverse
due to the gradual infiltration of outside elements (dis-
cussed in Shaw, 2000). Dental affinities among samples
from the two broad dynastic periods will help test the
degree to which this diachronic influence may have
affected Egyptian biological makeup.
Lastly, following the relative cultural stability of the

dynastic, Egypt came to be wholly dominated by foreign
rulers during Ptolemaic (332–30 BC) and Roman (30 BC–
AD 395) times. In general, the Egyptian administrative
system was maintained and traditional culture mostly
continued throughout these periods; regardless, Egypt
began to accumulate characteristics of the occupying
powers (Watterson, 1997; Lloyd, 2000a,b; Peacock, 2000).
To what extent this influence involved gene flow into the
native peoples is unknown. Keita (1992, p. 251) suggested
that migrations resulting in a ‘‘major genetic impact’’
might have occurred immediately prior to and during this
period. However, the numbers of Greek and Roman immi-
grants (Peacock, 2000), particularly outside the major cen-
ters of government, were probably low. As such, indige-
nous Egyptians may not have differed significantly from
their dynastic predecessors. Again, affinities among sam-
ples from these two time-successive periods can help
gauge the amount of biological influence these outside
groups had on the local peoples.
Beyond testing various hypotheses and less formal

assumptions, other intersample variation identified by
dental analyses will be examined in the light of known
Egyptian history, and interpretations of this patterning
will be offered. At a more basic level, study of the samples
will provide a better assessment of the diachronic occur-
rence and expression of the 36 dental traits beyond that
currently known. Ultimately, it is anticipated that all of
this information will complement and expand upon the
findings of previous researchers, and lead to an improved
understanding of the peoples and peopling of this impor-
tant time and place in African prehistory.

MATERIALS

Although far from comprehensive, the 15 samples (n ¼
996 individuals) compared in the present study provide a
representative cross-section of ancient Egyptian popula-
tions. Each is identified here by subregion and temporal
sequence. Information concerning sample recovery and
composition is also presented. Basic summary data are
listed in Table 1. More detailed descriptions can be found
in the sources cited below.
Nine samples (n ¼ 685 individuals) are derived from

sites within Upper Egypt (Fig. 1). The first was excavated
at Gebel Ramlah (abbreviated as GRM in tables and fig-
ures), in the Western Desert, by the Combined Prehistoric
Expedition (Schild et al., 2002; Irish et al., 2003; Kobusie-
wicz et al., 2004). The remains are from Neolithic semino-
madic herders and intensive gatherers (Wendorf et al.,
1984; Wendorf and Schild, 2001). Although technically
from Lower Nubia and used in a study of that region’s
inhabitants (Irish, 2005), the sample is included here to
provide some representation of this little-known cultural
period in Egypt. The second sample is comprised of skele-
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tal remains from early predynastic farmers (Hendrickx
and Vermeersch, 2000) from Badari (BAD). It was recov-
ered by Flinders Petrie for a British School of Archaeology
expedition (Stoessiger, 1927; Morant, 1935). The third
Upper Egyptian sample, Naqada (NAQ), is from three
later predynastic cemeteries thought to vary by social sta-
tus (Johnson and Lovell, 1994); it too was collected by Pet-
rie (Petrie and Quibell, 1896; Warren, 1897; Fawcett,
1902). All but three specimens in this sample are affiliated

with the lower class. The fourth sample was also recov-
ered from predynastic cemeteries of differing status at
Hierakonpolis (HRK). It was excavated by the Hierakon-
polis Expedition. Most remains are from the lower class
(Hoffman, 1987; Adams, 1996; Friedman, 1999). Much of
the fifth sample, Abydos (ABY), comprises Early Dynastic
officials and other palace staff who were sacrificed and
buried near their First Dynasty kings. Other specimens
are less precisely dated to the First and/or Second Dynas-
ties. Petrie excavated the lot in 1899–1901 (Petrie, 1902,
1922; Bard, 2000). The sixth sample is from Thebes
(THE); it was assembled in 1904 as part of the Felix von
Luschan Collection. Museum records list few details, and
the sample is only generally dated to the Middle Kingdom.
Still, at the time this collection was made, historians
thought the latter period encompassed only the 11th and
12th Dynasties (Callender, 2000). Thus the sample can
plausibly be assigned to this more specific time frame. The
seventh sample originated in a New Kingdom cemetery
near the Qurneh (QUR) mortuary temple (Petrie, 1909).
E.W. Budge excavated it in 1887. Museum records show
that most specimens recorded for the present study date
to the time of Rameses II; a few are of the later New King-
dom or early Third Intermediate period. The eighth sam-
ple is from a late Roman middle class cemetery on the
now-submerged Nile island of El Hesa (HES) (Elliot Smith
and Wood-Jones, 1910; Reisner, 1910). Museum records
report that the remains were excavated in 1907–1908 for
von Luschan (Irish, 1993). Lastly, the ninth Upper Egyp-
tian sample comes from two Byzantine-period cemeteries
in the Kharga Oasis (KHA). Museum documentation
regarding excavation or social status of the sample is not
available. However, these people may have been lower-
class farmers (Irish, 1993).
The six remaining dental samples (n ¼ 312 individuals)

originated in Lower Egypt (Fig. 1). The first is from Tar-
khan (TAR). Although there is conflicting information
about the age of some remains in museum records, those
used in this study likely date to the Early Dynastic. Sup-
port for this affiliation can be found in reports by Petrie
et al. (1913) and Petrie and MacKay (1915) that docu-
mented excavations at the site and an adjacent, younger

TABLE 1. Egyptian dental samples

Sample name1 Site(s) Period Sub-period Date No. Location2

Upper Egypt
Gebel Ramlah (GRM) Gebel Ramlah Neolithic Final Neolithic c. 4,650–4,400 BC 59 GRM
Badarian (BAD) Badari Predynastic Badarian c. 4400–4000 BC 40 CAM
Naqada (NAQ) Naqada Predynastic Naqada I and II c. 4000–3200 BC 65 CAM
Hierakonpolis (HRK) Hierakonpolis Predynastic Naqada II c. 3500–3200 BC 247 HRK
Abydos (ABY) Abydos Early Dynastic Dynasty 1–2 c. 3000–2686 BC 54 BMNH, CAM
Thebes (THE) Thebes Middle Kingdom Dynasty 11–12 (?)3 2055–1773 BC 54 AMNH
Qurneh (QUR) Qurneh New Kingdom (þ) Dynasty 19 (20–22) 1295–1186 BC (þ) 67 CAM
El Hesa (HES) El Hesa Roman Roman AD 200–400 72 AMNH
Kharga (KHA) Kharga Oasis Roman Byzantine AD 500–600 26 NMNH

Lower Egypt
Tarkhan (TAR) Tarkhan Early Dynastic Dynasty 1 (?) c. 3000–2890 BC 51 CAM
Saqqara (SAQ) Saqqara Old Kingdom Dynasty 4 2613–2494 BC 41 MH
Lisht (LIS) Lisht Middle Kingdom Dynasty 12 1985–1773 BC 61 NMNH
Giza (GIZ) Giza Late Dynastic Dynasty 26–30 664–332 BC 62 CAM
Greek Egyptian (GEG) Saqqara, Manfalut Ptolemaic Ptolemaic 332–30 BC 46 MH
Hawara (HAW) Hawara Roman Roman AD 50–120 51 BMNH

1 Sample three-letter abbreviations used in all subsequent tables and most figures.
2 AMNH, American Museum of Natural History; BMNH, British Museum of Natural History; CAM, Cambridge University; GRM,
Gebel Ramlah archaeological site; HRK, Hierakonpolis archaeological site, Egypt; MH, Musée de l’Homme; NMNH, National
Museum of Natural History.
3 See text for explanations of parenthetical symbols and information.

Fig. 1. Origins of 15 Egyptian samples used in present
study.
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TABLE 2. Dental trait percentages (%) and number of individuals scored (n) for 15 Egyptian samples1

Trait2
Upper Egyptian samples Lower Egyptian samples

GRM BAD NAQ HRK ABY THE QUR HES KHA TAR SAQ LIS GIZ GEG HAW

Winging UI1 % 0.0 5.6 6.0 5.4 4.4 5.6 5.2 6.4 4.8 6.8 2.8 2.1 4.3 0.0 0.0
(þ ¼ ASU 1) n 32 36 50 167 46 54 58 63 21 44 36 47 47 41 47
Labial curvature UI1 % 48.4 50.0 12.5 33.0 11.1 47.6 28.6 65.0 50.0 40.0 9.1 45.5 17.7 43.8 15.0
(þ ¼ ASU 2–4) n 31 20 8 109 9 21 21 20 6 30 11 11 17 16 20
Palatine torus % 0.0 5.6 0.0 0.0 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(þ ¼ ASU 2–3) n 28 36 50 125 52 51 61 68 25 44 39 51 47 43 49
Shoveling UI1 % 42.9 25.0 14.3 17.7 40.0 15.8 0.0 29.4 0.0 7.1 0.0 0.0 15.4 5.9 0.0
(þ ¼ ASU 2–6) n 28 16 7 102 5 19 17 17 6 28 7 10 13 17 17
Double Shoveling UI1 % 6.1 0.0 0.0 4.6 0.0 0.0 0.0 15.8 0.0 0.0 0.0 0.0 0.0 0.0 5.6
(þ ¼ ASU 2–6) n 33 16 7 110 4 18 22 19 6 26 8 12 16 15 18
Interruption groove UI2 % 18.5 10.0 9.1 25.2 21.4 20.8 3.7 50.0 20.0 8.8 33.3 31.6 4.2 22.2 25.0
(þ ¼ ASU þ) n 27 20 11 115 14 24 27 22 5 34 9 19 24 27 20
Tuberculum dentale UI2 % 59.3 36.4 27.3 36.7 36.4 30.0 52.2 61.9 20.0 28.1 66.7 36.8 25.0 45.8 42.9
(þ ¼ ASU 2–6) n 27 22 11 109 11 20 23 21 5 32 6 19 24 24 14
Bushman canine UC % 10.7 0.0 0.0 5.0 17.7 3.1 0.0 6.5 0.0 5.4 0.0 0.0 6.3 0.0 0.0
(þ ¼ ASU 1–3) n 28 22 22 120 17 33 31 31 9 37 10 27 32 30 26
Distal accessory ridge UC % 31.8 12.5 15.0 12.6 30.0 10.5 8.7 13.6 0.0 3.9 0.0 0.0 7.1 0.0 31.3
(þ ¼ ASU 2–5) n 22 16 20 103 10 19 23 22 8 26 6 23 28 24 16
Hypocone UM2 % 91.9 86.7 90.9 86.6 85.7 85.7 87.0 75.4 85.0 75.0 95.7 88.1 84.2 79.3 86.7
(þ ¼ ASU 3–5) n 37 30 44 157 42 42 46 57 20 40 23 42 38 29 45
Cusp 5 UM1 % 10.5 10.0 17.5 15.5 19.2 14.3 5.3 8.7 6.7 0.0 0.0 15.4 5.7 0.0 6.5
(þ ¼ ASU 2–5) n 19 20 40 97 26 28 38 46 15 23 9 26 35 24 31
Carabelli’s trait UM1 % 88.0 64.7 68.4 80.8 84.4 90.3 70.6 47.6 66.7 67.9 100.0 60.9 72.7 82.6 64.5
(þ ¼ ASU 2–7) n 25 17 38 104 32 31 34 42 18 28 16 23 33 23 31
Parastyle UM3 % 0.0 0.0 0.0 0.0 2.9 0.0 3.0 2.7 0.0 2.6 0.0 0.0 0.0 0.0 0.0
(þ ¼ ASU 1–5) n 32 23 28 142 36 37 33 37 16 38 15 32 26 28 30
Enamel extension UM1 % 9.4 6.5 15.2 19.5 9.3 4.8 9.8 3.3 4.4 0.0 0.0 14.9 6.4 13.8 4.8
(þ ¼ ASU 1–3) n 32 31 46 164 43 42 51 61 23 45 18 47 47 29 42
Root number UP1 % 72.2 70.6 76.1 59.8 71.0 85.3 70.6 63.8 73.9 75.0 89.7 61.9 62.5 64.3 60.0
(þ ¼ ASU 2þ) n 36 17 46 164 31 34 34 47 23 32 29 42 32 28 30
Root number UM2 % 60.6 80.0 73.5 75.6 73.7 81.3 70.0 62.2 66.7 72.2 82.6 77.3 72.7 21.4 82.8
(þ ¼ ASU 3þ) n 33 15 34 119 19 32 30 37 18 18 23 44 22 14 29
Peg-reduced UI2 % 5.3 10.3 0.0 3.6 2.0 0.0 1.6 0.0 11.1 4.0 6.1 0.0 1.8 0.0 2.0
(þ ¼ ASU P or R) n 38 39 60 197 49 54 62 24 9 50 33 22 57 43 49
Odontome P1–P2 % 0.0 0.0 0.0 1.3 0.0 5.1 0.0 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(þ ¼ ASU þ) n 27 31 49 156 36 39 50 59 23 43 12 42 42 30 40
Congenital absence UM3 % 15.0 8.6 3.7 8.2 7.4 19.6 18.6 30.8 8.7 4.1 20.0 3.6 15.4 18.2 16.3
(þ ¼ ASU �) n 40 35 54 184 54 51 59 65 23 49 35 55 52 44 49
Midline diastema UI1 % 12.1 5.3 0.0 3.0 0.0 1.9 0.0 3.0 7.1 4.2 0.0 7.7 0.0 0.0 0.0
(þ �0.5 mm) n 33 38 52 168 51 53 61 66 14 48 33 39 52 43 49
Lingual cusp LP2 % 61.9 79.2 95.7 81.4 76.0 70.3 54.3 61.5 62.5 77.8 66.7 66.7 61.9 65.5 77.1
(þ ¼ ASU 2–9) n 21 24 23 129 25 37 35 52 8 18 12 12 21 29 35
Anterior fovea LM1 % 35.7 9.1 18.8 21.6 66.7 42.9 35.3 32.0 66.7 0.0 14.3 37.5 17.4 35.3 61.5
(þ ¼ ASU 2–4) n 14 11 16 74 3 14 17 25 3 2 7 8 23 17 26
Mandibular torus % 2.4 0.0 1.7 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(þ ¼ ASU 2–3) n 41 40 58 178 41 52 52 72 16 49 37 37 51 40 49
Groove pattern LM2 % 66.7 35.3 45.8 37.1 27.0 25.0 20.0 18.2 10.0 30.6 22.7 37.5 29.6 17.7 39.5
(þ ¼ ASU Y) n 36 34 48 175 37 48 50 66 10 36 22 24 44 34 43
Rocker jaw % 20.5 10.3 24.1 22.2 30.6 22.6 9.6 20.0 18.8 16.3 24.3 32.4 13.7 12.5 10.2
(þ ¼ ASU 1–2) n 39 39 54 144 36 53 52 70 16 43 37 37 51 40 49
Cusp number LM1 % 7.7 0.0 7.9 9.5 0.0 2.8 6.9 1.9 7.1 5.0 0.0 5.6 2.3 3.9 8.3
(þ ¼ ASU 6þ) n 26 24 38 137 20 36 29 53 14 20 10 18 43 26 36
Cusp number LM2 % 78.1 19.1 27.8 36.5 33.3 26.3 22.5 31.0 15.4 50.0 25.0 20.8 25.0 6.9 20.5
(þ ¼ ASU 5þ) n 32 21 36 137 24 38 40 58 13 28 12 24 36 29 39
Deflecting wrinkle LM1 % 31.3 9.5 15.2 20.5 0.0 13.3 29.2 4.6 0.0 12.5 0.0 22.2 5.7 4.0 24.2
(þ ¼ ASU 2–3) n 16 21 33 112 17 30 24 44 1 16 8 9 35 25 33
C1–C2 crest LM1 % 0.0 9.5 3.0 3.9 0.0 0.0 4.2 6.5 0.0 0.0 0.0 11.1 2.9 5.2 3.0
(þ ¼ ASU þ) n 21 21 33 102 14 26 24 46 3 16 5 9 34 19 33
Protostylid LM1 % 36.0 12.5 22.2 33.1 19.1 12.2 6.3 16.1 30.8 10.0 7.1 53.3 11.4 20.0 14.3
(þ ¼ ASU 1–6) n 25 24 36 139 21 41 32 56 13 20 14 15 35 25 35
Cusp 7 LM1 % 5.9 13.3 10.9 6.2 3.0 6.8 5.6 6.7 0.0 3.7 0.0 0.0 4.3 6.7 9.3
(þ ¼ ASU 2–4) n 34 30 46 177 33 44 36 60 14 27 20 23 47 30 43
Tome’s root LP1 % 9.5 5.6 10.7 14.3 3.1 11.1 12.9 11.1 12.5 13.6 6.7 8.6 0.0 14.3 9.1
(þ ¼ ASU 3–5) n 42 18 56 175 32 36 31 45 16 44 30 35 47 28 33
Root number LC % 4.9 4.2 5.1 6.2 0.0 0.0 0.0 0.0 0.0 4.4 6.1 5.6 1.9 0.0 4.2
(þ ¼ ASU 2þ) n 41 24 59 179 31 35 27 31 17 45 33 36 52 26 24
Root number LM1 % 0.0 0.0 5.1 2.2 0.0 0.0 0.0 2.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(þ ¼ ASU 3þ) n 43 19 39 136 26 39 29 46 12 33 26 29 34 23 33
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cemetery at Kafr Ammar. All that is listed about the sec-
ond sample in museum records is that it came from Saq-
qara (SAQ) and dates to the Old Kingdom’s Fourth
Dynasty. General information about the cemetery implies
that the sample may have originated from royal or
wealthy elite tombs in North Saqqara (Bayfield, 2000;
Malek, 2000; Grajetzki and Quirke, 2001a). The third
sample is from Lisht, a necropolis that served the Middle
Kingdom capital of Itjtawy (Baines and Malek, 1982).
Museum records note that it comprises upper-class indi-
viduals. Specimens in the fourth sample were recovered
at Giza (GIZ) (Petrie, 1907; Pearson and Davin, 1924).
Little information is known beyond their Late Dynastic
affiliation. The fifth sample consists of Ptolemaic or Greek
period Egyptians (GEG). Most originated in Saqqara, but
a few contemporaneous crania from Manfalut in Middle
Egypt were included. Although the sample is potentially
heterogenous, it was compiled to allow some representa-
tion of this important Egyptian period. Museum records
list no additional information. The final sample was recov-
ered at Hawara (HAW) in an early Roman period burial
ground for elite members of the Fayum Oasis populace
(Grajetzki and Quirke, 2001b). It was excavated by Petrie
(1890).

DATA COLLECTION METHODS

The present investigation is concerned with morphologi-
cal variation of the permanent dentition. The same 36
dental and osseous oral discrete traits used by the author
in previous African dental affinity studies (Irish, 1993,
1994, 1997, 1998a–d, 2000, 2005; Irish and Guatelli-Stein-
berg, 2003) were recorded in the Egyptian specimens
(Table 2). The rationale for choosing these particular
traits was previously detailed (Irish, 1993, 1998d, 2005).
Of fundamental importance, however, is the high genetic
component reported for many of these traits (Scott, 1973;
Larsen, 1997; Scott and Turner, 1997; Rightmire, 1999),
which makes them ideal for biodistance analyses (Larsen,
1997).
Except for midline diastema, each trait is part of the

Arizona State University Dental Anthropology System
(ASUDAS) (Turner et al., 1991); all are documented to be
largely independent of one another, based on the genetic
investigation of Nichol (1990). Procedures used in ASU-
DAS are based on well-established criteria for scoring
intratrait variation, and proved reliable in many preced-
ing studies (Scott, 1973, 1980; Turner, 1985a, 1987, 1990,
1992; Sakuma and Ogata, 1987; Haeussler et al., 1988;
Turner and Markowitz, 1990; Irish and Turner, 1990;
Irish, 1993, 1994, 1997, 1998a–d, 2000; Jackes et al.,
2001). Traits are recorded with the aid of 23 rank-scale

reference plaques to help standardize scoring (Turner
et al., 1991).
After trait selection, a decision regarding which anti-

mere to score is required. One method entails counting
one side in all specimens (Haeussler et al., 1988). A second
method is to score both antimeres and, allowing for asym-
metry, count the side with the highest expression (Turner
and Scott, 1977). To maximize sample size if only one side
is present, that side is scored and assumed to represent
the highest expression. This standard ASUDAS protocol
is used here; it assumes scoring for the individual’s maxi-
mum genetic potential (Turner, 1985a).
Finally, because there is a demonstrated absence of trait

sexual dimorphism (Scott, 1973, 1980; Smith and Shegev,
1988; Bermudez de Castro, 1989; Turner et al., 1991;
Hanihara, 1992; Irish, 1993), it is standard ASUDAS pro-
cedure to pool the sexes (Irish, 1997). A comprehensive
description of ASUDAS is provided in Turner et al. (1991)
and Scott and Turner (1997).

QUANTITATIVE METHODS AND RESULTS

Dental trait frequencies

The first step in analyzing samples was to determine
frequencies of occurrence for all 36 traits. In Table 2, the
percentages of individuals exhibiting each trait are listed,
along with total number scored. All were dichotomized
into categories of present or absent, as evidenced by asso-
ciated ASUDAS grades; this practice allows for a manage-
able presentation of many traits and samples, and is nec-
essary before using these rank-scale data with most multi-
variate statistics (Sjøvold, 1977). Dichotomization is based
on each trait’s morphological threshold (Haeussler et al.,
1988), as ascertained by Scott (1973) and Nichol (1990)
according to standard ASUDAS procedure (Turner, 1985b,
1987; Scott and Turner, 1997). Though practical, the full
range of data is not presented. A list of traits with alter-
nate breakpoints can be requested from the author.
As often happens with archaeologically derived

remains, small sample size is a factor concerning trait fre-
quencies; maxillary incisors in general, and the Kharga
and Saqqara samples in particular, are most adversely
affected. Such data should be interpreted with caution, as
they may not be representative of the populations from
which they derive. With this caveat in mind, an inspection
of Table 2 suggests that there is some measure of dental
homogeneity. That is, the samples exhibit many compara-
ble frequencies and trends across traits, with some
obvious exceptions (e.g., Gebel Ramlah ¼ high LM2 Y-
groove and five-cusped LM2; El Hesa ¼ high UI2 interrup-
tion groove, UM3 congenital absence, and low UM1 Cara-
belli’s trait; Saqqara ¼ high UM1 Carabelli’s trait and

TABLE 2. (Continued)

Trait2
Upper Egyptian samples Lower Egyptian samples

GRM BAD NAQ HRK ABY THE QUR HES KHA TAR SAQ LIS GIZ GEG HAW

Root number LM2 % 80.5 75.0 86.1 89.1 96.3 91.7 85.7 86.7 70.0 85.0 86.7 86.2 82.4 50.0 83.9
(þ ¼ ASU 2þ) n 41 16 36 128 27 36 28 45 10 40 30 29 34 12 31
Torsomolar angle LM3 % 6.8 5.9 2.2 7.4 9.4 22.5 2.7 17.0 53.9 5.6 0.0 30.8 2.9 21.9 5.4
(þ ¼ ASU þ) n 44 34 46 148 32 40 37 47 13 36 23 26 35 32 37

1 GRM, Gebel Ramlah; BAD, Badarian; NAQ, Naqada; HRK, Hierakonpolis; ABY, Abydos; THE, Thebes; QUR, Qurneh; HES, El
Hesa; KHA, Kharga Oasis; TAR, Tarkhan; SAQ, Saqqara; LIS, Lisht; GIZ, Gizeh; GEG, Greek Egyptians; HAW, Hawara (see text
for sample details).
2 ASU rank-scale trait breakpoints from Irish (1993, 1997, 1998a,b) and Scott and Turner (1997).
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two-rooted UP1; Lisht ¼ high rocker jaw and LM1 proto-
stylid; Greek Egyptians ¼ low three-rooted UM2, five-
cusped LM2, and two-rooted LM2).

Mean measure of divergence

The second step in analysis was to submit the trait data
to C.A.B. Smith’s mean measure of divergence (MMD)
(Berry and Berry, 1967; Sjøvold, 1973, 1977). This statistic
was used effectively in many previous studies (e.g.,
Berry and Berry, 1972; Sjøvold, 1973, 1977; Greene, 1982;
Scott and Dahlberg, 1982; Turner, 1984, 1985a, 1992;
Turner and Markowitz, 1990; Lukacs and Hemphill, 1991;
Irish, 1997, 1998a–d, 2005; Donlon, 2000; Jackes et al.,
2001; Irish and Guatelli-Steinberg, 2003). Additional jus-
tification regarding its application was presented else-
where (Irish and Guatelli-Steinberg, 2003; Irish, 2005).
MMD calculates intersample phenetic affinities that, in

turn, provide estimates of biological divergence. That is,
dental phenetic similarity is assumed to approximate or
provide an estimate of underlying genetic variation (Scott
et al., 1983; Rightmire, 1999). The formula used here
includes the Freeman and Tukey angular transformation
correction for small samples (�10), and low (�0.05) or
high (�0.95) trait frequencies (Berry and Berry, 1967; Sjø-
vold, 1973, 1977; Green and Suchey, 1976). However, it
should be noted that use of this transformation may yield
an artificial ‘‘negative’’ MMD when two samples are
highly concordant. In these cases, the value is adjusted to
0.00, indicating a lack of divergence. To detect if two sam-
ples significantly differ from one another, a distance is
compared to its standard deviation. If MMD is >2 � SD,
the null hypothesis of Population 1 ¼ Population 2 is
rejected at the 0.025 level (Sjøvold, 1977).
It is suggested that as many discrete traits as possible

should be used with MMD; however, they cannot be corre-
lated because differential weighting of the underlying
dimensions may yield erroneous results (Sjøvold, 1977,
personal communication in 1992). In the present study,
intertrait correlations were determined by submitting the
nondichotomized ordinal data to Kendall’s tau-b correla-
tion coefficient. Twenty-eight of 630 pairwise comparisons
are strongly correlated (i.e., �b � 0.5); these pairs mainly
include anterior maxillary traits, such as UI1 labial cur-

vature with UI1 shoveling (�b ¼ 0.816) and UI1 shoveling
with UI1 double-shoveling (�b ¼ 0.852), and posterior
mandibular traits like LM1 C1–C2 crest with LM1 ante-
rior fovea (�b ¼ 0.650) and LM1 cusp number with LM1
deflecting wrinkle (�b ¼ 0.694). Several of these traits also
include smaller sample sizes than the Freeman and Tukey
transformation is designed to correct for. Thus, traits that
are highly correlated and/or exhibit three or more samples
of <10 cases were dropped from analysis. Several traits
that are largely nondiscriminatory due to shared low fre-
quencies or absence across samples were deleted as well:
palatine torus, UM3 parastyle, and mandibular torus.
This editing left 22 minimally correlated traits (Table 3)
that provide good discriminatory power and, with a few
unavoidable exceptions involving Kharga and Saqqara,
are of adequate sample size.
The MMD distance matrix is presented in Table 4. The

homogeneity hinted at by the qualitative frequency com-
parisons is supported by the many low values. Yet a num-
ber of sample pairs exhibit significant and, in some cases,
large distances. Not surprisingly, samples noted to exhibit
relatively high or low frequencies are most divergent.
Gebel Ramlah and the Greek Egyptians have identical
mean MMD values of 0.126. El Hesa (0.078), Saqqara
(0.079), and Lisht (0.083) are also somewhat distinct. In
contrast, Badari (0.028), Thebes (0.039), and Hawara
(0.041) show a general affinity to all samples. Additional
trends are hard to recognize, although several samples
that are close in time and space, like Naqada, Hierakonpo-
lis, and Abydos, share low and insignificant values.
An effective way to illustrate MMD distances among

samples is multidimensional scaling (MDS). This provides
a 1-through-n-dimensional spatial representation of the
points (Kruskal and Wish, 1978). Therefore, the plotting
of samples into groups shows varying degrees of relation-
ship. In the present case, interval-level MDS was used
because the large number of traits causes the matrix of
distance values to approximate continuous data.
A three-dimensional MDS configuration of distance val-

ues is presented in Figure 2. Upper Egyptian samples are
represented by white, and Lower Egyptians by black
squares in Figure 2 and all figures following. Although
there are a few instances where phenetically similar sam-
ples are not positioned near one another, the MDS does
provide a good representation of the MMD matrix; Krus-
kal’s stress formula 1 value is 0.122, and r2 is 0.912. As
such, trends mentioned above are evident. For example,
Gebel Ramlah and the Greek Egyptians are widely sepa-
rated along the y-axis, and are somewhat distinct from 11
or so other samples forming a cluster near the diagram’s
center; Badari, Thebes, and Hawara are at the heart of
this cluster. Lisht and El Hesa are removed from the lat-
ter grouping along the x- and z-axes, respectively. Lastly,
Abydos, Naqada, and Hierakonpolis are located next to
one another.

Correspondence analysis

The third step in the analysis was to detect which of the
22 traits are most influential in generating affinities.
Although a qualitative comparison of frequencies can give
indications, correspondence analysis (CA) was used to
quantify which traits vary most across samples. In the
process, CA also provides a plot of intersample variation
that is similar in appearance to an MDS diagram of MMD
distances. Like MMD, the method was employed in sev-
eral prior anthropological studies (Greenacre and Degos,

TABLE 3. Twenty-two dental traits used in MMD analysis

1) Interruption groove UI2
2) Tuberculum dentale UI2
3) Bushman canine UC
4) Distal accessory ridge UC
5) Hypocone UM2
6) Cusp 5 UM1
7) Carabelli’s trait UM1
8) Enamel extension UM1
9) Root number UP1
10) Root numbwe UM2
11) Peg-reduced UI2
12) Congenital absence UM3
13) Midline diastema UI1
14) Lingual cusp LP2
15) Groove pattern LM2
16) Rocker jaw
17) Cusp number LM2
18) Protostylid LM1
19) Cusp 7 LM1
20) Tome’s root LP1
21) Root number LM2
22) Torsomolar angle LM3
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1977; Schneider, 1986; Sciulli, 1990; Kitagawa et al.,
1995; Coppa et al., 1998; Irish, 2005).
Correspondence analysis is a variant of principal com-

ponents analysis (PCA). It factors discrete data compris-
ing the rows and columns of a contingency, or correspond-
ence table, and displays them in reduced space to illus-
trate associations; the data comprise trait percentages in
the present study. A chi-square distance matrix of the
traits is used as input to the PCA. Three plots are then
produced that illustrate variation among rows, columns,
and rows/columns combined. The x-axis of each plot corre-
sponds to the first dimension and explains the most varia-
tion, or inertia, of the chi-square value. The y- and z-axes
are orthogonal and explain successively less variance
(Greenacre and Degos, 1977; StatSoft, Inc., 1984–2003;

Clausen, 1988; Benzécri, 1992; Phillips, 1995). Additional
methodological details are provided in Irish (2005).
An abridged CA table is presented in Table 5. The sig-

nificant �2 value of 1,432.119 shows that the row and col-
umn variables of the correspondence table are related.
Fourteen dimensions deemed to be interpretable by the
program are listed. The corresponding inertia and total
inertia values are seen in the second column. The latter
value indicates that 13.8% of the table’s variance is
explained: a typical amount, considering the number of
variables. Lastly, the proportion of inertia for each dimen-
sion is tabulated. The first three dimensions account for
60.6% of the variance explained by the CA model.
The three-dimensional row plot in Figure 3 depicts rela-

tionships among samples based on the 22 traits. Although
shifting of points is evident, the overall intersample pat-
tern of affinities is similar to the MDS portrayal of MMD
distances. The column plot in Figure 4 illustrates trait
variation. Both are scaled using symmetrical normaliza-
tion. Much can be learned from the individual plots. How-
ever, a principal feature of CA is to combine the two into a
single biplot to facilitate direct comparison of sample and
trait association. Unfortunately, there are too many row
and column points to yield a legible biplot. Thus, despite
differences in scale, between-plot comparisons must
suffice to identify which traits vary most among samples.
Comparing Figures 3 and 4, the most influential traits

separating samples along the first dimension, or x-axis,
are UC Bushman canine (abbreviated as 3 in Fig. 4), UC
distal accessory ridge (4), and LM3 torsomolar angle (22).
Thus, samples on the left side of Figure 3, like Gebel Ram-
lah and Abydos, have relatively high frequencies of the
former two traits, while Kharga and Lisht exhibit high
occurrences of the latter. The first dimension accounts for
29.4% of the inertia.
Along the y-axis, the second dimension accounts for

18.6% of the inertia. The important traits are Bushman
canine (3), UM1 cusp 5 (6), UI1 midline diastema (13),
LM1 protostylid (18), and UM3 congenital absence (12).
As such, samples at the bottom of Figure 3, like Gebel
Ramlah, Abydos, Hierakonpolis, and Lisht, generally have
higher frequencies of the first four traits. Saqqara, El
Hesa, Qurneh, and the Greek Egyptians have high occur-
rences of the last trait.
Important traits along the final dimension, as denoted

by the z-axis, are UI2 interruption groove (1), Bushman
canine (3), UM3 congenital absence (12), and peg-reduced
UI2 (11). To illustrate, El Hesa has extreme rates of the

TABLE 4. MMD distance matrix for 22 discrete dental traits among 15 Egyptian samples1

Samples GRM BAD NAQ HRK ABY THE QUR HES KHA TAR SAQ LIS GIZ GEG HAW

Gebel Ramlah 0.0
Badari 0.094 0.0
Naqada 0.115 0.000 0.0
Hierakonpolis 0.068 0.012 0.006 0.0
Abydos 0.058 0.020 0.013 0.000 0.0
Thebes 0.113 0.011 0.036 0.029 0.000 0.0
Qurneh 0.144 0.000 0.053 0.064 0.053 0.027 0.0
El Hesa 0.139 0.058 0.128 0.084 0.055 0.055 0.060 0.0
Kharga 0.167 0.000 0.102 0.053 0.063 0.005 0.060 0.038 0.0
Tarkhan 0.102 0.000 0.042 0.052 0.044 0.034 0.027 0.082 0.033 0.0
Saqqara 0.130 0.054 0.107 0.079 0.050 0.012 0.031 0.098 0.100 0.058 0.0
Lisht 0.150 0.054 0.069 0.032 0.072 0.058 0.116 0.081 0.000 0.096 0.142 0.0
Giza 0.130 0.000 0.035 0.048 0.015 0.025 0.000 0.084 0.050 0.008 0.057 0.093 0.0
Greek Egyptians 0.257 0.092 0.160 0.146 0.178 0.118 0.074 0.105 0.018 0.132 0.135 0.120 0.101 0.0
Hawara 0.100 0.000 0.005 0.022 0.010 0.020 0.006 0.030 0.064 0.037 0.058 0.084 0.012 0.127 0.0

1 See Table 1 and text for sample details. Italicized values indicate significant difference at 0.025 level.

Fig. 2. Three-dimensional MDS of 22-trait MMD distances
among 15 Egyptian samples. Upper Egyptians are depicted with
white squares, and Lower Egyptians with black. Three-letter
sample abbreviations are defined in text.
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former three traits relative to Badari, which has a high
incidence of the latter. The third dimension accounts for
12.7% of the total inertia.
In sum, of the 22 traits submitted to MMD analysis,

nine were identified by CA as being the most influential.
They include: UI2 interruption groove, UC Bushman
canine, UC distal accessory ridge, UM1 cusp 5, peg-
reduced UI2, UM3 congenital absence, UI1 midline dia-
stema, LM1 protostylid, and LM3 torsomolar angle.

Mahalanobis distances

The final step in analysis was to generate intersample
affinities using only the above nine traits to affirm their
influence. The Mahalanobis D2 statistic for discrete traits
(Konigsberg, 1990) was used for this purpose instead of

the MMD because it is more effective in comparing a
smaller number of traits. In brief, this version of the D2

statistic extends the Mahalanobis generalized distance to
discrete data by utilizing a tetrachoric correlation matrix.
Correlations are calculated within each sample and pooled
using sample size for each trait pair to find the weighted
average correlation. As such, the statistic is useful in cor-
recting for small sample sizes that still affect a few traits,
and addresses any remaining intertrait correlation, i.e., it
avoids undue weight on any traits that may co-occur.
Additional methodological details can be found in Konigs-
berg (1990), Konigsberg et al. (1993), Ishida and Dodo
(1997), and Bedrick et al. (2000).
Based on Kruskal’s stress formula 1 value of 0.113 and

the r2 of 0.901, three-dimensional MDS (Fig. 5) provides a
good representation of distances in the D2 matrix; the latter

TABLE 5. Correspondence analysis summary table

Dimension
Inertia

(Eigenvalue) Chi square Significance
Proportion of

inertia accounted for
Cumulative

inertia

1 0.040 0.294 0.294
2 0.026 0.186 0.479
3 0.017 0.127 0.606
4 0.013 0.096 0.702
5 0.011 0.080 0.782
6 0.009 0.068 0.849
7 0.007 0.049 0.898
8 0.004 0.029 0.927
9 0.003 0.022 0.950
10 0.002 0.016 0.966
11 0.002 0.014 0.980
12 0.002 0.011 0.992
13 0.001 0.006 0.998
14 0.000 0.002 1.000
Total 0.138 1,432.119 0.0001 1.000 1.000

1 Two hundred ninety-four degrees of freedom.

Fig. 3. Correspondence analysis three-dimensional row plot,
based on symmetrical normalization, illustrating relationships
among 15 samples. Upper Egyptians are depicted with white
squares, and Lower Egyptians with black. Three-letter sample
abbreviations are defined in text.

Fig. 4. Correspondence analysis column plot, based on sym-
metrical normalization, illustrating variation among 22 dental
traits used for MMD analysis. Numbers correspond to traits
listed in Table 3.
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is not shown but may be requested from the author. Shift-
ing of points is evident, but the overall patterning is compa-
rable to that based on 22-trait MMDs (Fig. 2) and the CA
row plot (Fig. 3). Gebel Ramlah and the Greek Egyptians
remain separated on the y-axis and are distinct from other,
more closely grouped samples on the left of Figure 5; as
before, Badari, Thebes, and Hawara are at the center of
this cluster. Lisht is now joined by the small Kharga sam-
ple, yet remains separate from all others on the x-axis. El
Hesa is somewhat divergent on the z-axis. Many intraclus-
ter affinities appear stable as well; among others, Abydos,
Naqada, and Hierakonpolis are spatially proximate.
The fact that these relationships mirror those of the

MMD and CA suggests that: 1) the nine traits are indeed
responsible for much of the variation among samples, and
2) the affinities are real, and not a product of the statisti-
cal or illustrative method. This latter point is supported
by two similar MDS diagrams that illustrate, respectively,
MMD distances based on all 36 traits, and standardized
MMDs (Sofaer et al., 1986; Hemphill et al., 1991) using
the reduced set of 22. The former was created before inter-
trait correlations were determined; neither diagram is
shown. In sum, these multivariate statistics, whether
using 36, 22, or nine traits, were not simply run as a stat-
istical exercise, although the results are methodologically
informative; rather, the intent was to identify influential
traits and, more importantly, confirm the validity of these
affinities prior to interpreting them below.

DISCUSSION

Intersample variation

The numerically derived affinities (Table 4) and their
patterning in the MDS and CA (Figs. 2, 3, 5) suggest that
there is some measure of homogeneity among the bulk of

Egyptian samples. Specifically, the clustering of 11 or so
samples is reminiscent of that observed among post-Paleo-
lithic Nubians in a previous regional dental study (Irish,
2005). In the latter case, homogeneity was thought to be
suggestive of population continuity. Similarly, the poten-
tial Egyptian continuity extends across time (as evidenced
by affinities among the three predynastic, five of seven
dynastic, and two or perhaps three Roman period sam-
ples) and space (as indicated by the mostly random distri-
bution of points denoting Upper and Lower Egyptians). If
true, the present findings vary from those based on cra-
nial morphometric data that suggest biological heteroge-
neity, at least in predynastic times (Prowse and Lovell,
1996; Keita, 1996), and a broad clinal variation between
populations in the north and south (Keita, 1990, 1992).
The source of any heterogeneity is thought to have

stemmed from the makeup of the ‘‘proto-predynastic’’
(Keita, 1992, p. 251) founding population that may have
comprised many biologically distinct peoples, including
Saharan, Nilotic, and Levant groups (Hassan, 1988;
Keita, 1990, 1992; Prowse and Lovell, 1996). This amal-
gam is still evident in Egypt’s modern peoples (Manni
et al., 2002). However, the overall diachronic homogeneity
indicated by the dental and other data (e.g., Brace et al.,
1993) is likely due to extensive interaction via trade, pop-
ulation movement, and genetic exchange among commu-
nities along the Nile between Upper and Lower Egypt
(Hassan, 1988). As Hassan (1988) observed, the narrow
river valley and its thin strip of habitable land would
quickly be populated during the late predynastic expan-
sion. In other words, Egypt ‘‘became a melting pot’’ for the
founding groups (Hassan, 1988, p. 135) by the predynastic
period and beyond.
This is not to say that all the Egyptian samples are den-

tally homogeneous. The significant MMDs (Table 4) and
distribution of samples (Figs. 2, 3, 5) show that there are
4–5 evident outliers: Gebel Ramlah, Lisht, the Greek
Egyptians, and perhaps El Hesa or Saqqara. Although
such divergence could be interpreted as evidence of biolog-
ical heterogeneity, it is useful to explore the background of
each outlier to help understand the ultimate cause(s) of
the present variation.
A potentially important factor concerning Gebel Ram-

lah’s distinctiveness may be its remote location in extreme
southern Egypt; this possibility is discussed below.
Regarding Lisht, its unique frequencies (Table 2) and sig-
nificant divergence (Table 4; Figs. 2, 3, 5) may reflect
genetic drift and/or inbreeding in this upper-class social
group from Itjtawy. Because it exhibits the closest (though
still significantly different) affinities to Upper Egyptian
samples, including Thebes, it may also comprise elite
immigrants from the latter region. The Egyptian capital
and ruling class were moved from Thebes to Itjtawy in the
12th Dynasty. Similar genetic factors were proposed to
explain the biological distinctiveness of high-status
remains at Naqada Cemetery T (Johnson and Lovell,
1994; Prowse and Lovell, 1996). Saqqara’s divergence
could be related to small sample size; however, if it origi-
nated in royal or elite tombs as suggested, then its outlier
status may be due to reasons similar to those posited for
Lisht. Lastly, potential causes for the uniqueness of Greek
Egyptian and El Hesa samples are presented below.
In the end, the outliers are divergent because of their

extreme frequencies of the nine influential traits identi-
fied by CA. The other closely clustered samples have more
moderate expressions of these, and comparable frequen-
cies and trends across the remaining traits (Table 2). How-

Fig. 5. Three-dimensional MDS of nine-trait Mahalanobis
D2 distances among 15 samples. Upper Egyptians are depicted
with white squares, and Lower Egyptians with black. Three-let-
ter sample abbreviations are defined in text.
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ever, all 15 samples exhibit morphologically simple, mass-
reduced dentitions that are similar to those in populations
from greater North Africa (Irish, 1993, 1998a–c, 2000)
and, to a lesser extent, western Asia and Europe (Turner,
1985a; Turner and Markowitz, 1990; Roler, 1992; Lip-
schultz, 1996; Irish, 1998a). Similar craniofacial measure-
ments among samples from these regions were reported
as well (Brace et al., 1993).

The Egyptian peopling scenarios

The most systematic way to interpret the remaining
intersample affinities is in reference to the five peopling
scenarios summarized at the outset. Each is briefly iden-
tified and addressed by means of comparison to the
present dental findings.

Were predynastic Badarian peoples descendants of
Western Desert Neolithic groups? If the answer to this
question is yes, as suggested by many workers based on
cultural affinities between groups (e.g., Hassan, 1986,
1988; Holmes, 1989; Hendrickx and Vermeersch, 2000;
Midant-Reynes, 2000a), the Western Desert Gebel Ram-
lah and Nile Valley Badari samples might be expected to
share a close affinity. Gebel Ramlah is, in fact, signifi-
cantly different from Badari based on the 22-trait MMD
(Table 4). For that matter, the Neolithic Western Desert
sample is significantly different from all others. Does this
divergence then support a non-Egyptian origin for the
Badarians, as suggested by some (Brunton and Caton-
Thompson, 1928; Arkell, 1975; Krzyźaniak, 1977)? Not
necessarily. Despite the difference, Gebel Ramlah is clos-
est to predynastic and early dynastic samples from Aby-
dos, Hierakonpolis, and Badari (Table 4; Figs. 2, 3, 5). The
lack of a closer affinity may be a result of purported sup-
plementary influence on the Badarians from the Levant
(Hendrickx and Vermeersch, 2000) or Eastern Desert
(Holmes, 1989). Moreover, Gebel Ramlah is in the south-
ernmost part of the Western Desert. The primary source
of the Badarian culture is thought to have been the oases
farther north (Caton-Thompson, 1926; Hassan, 1986,
1988; Holmes, 1989). Final Neolithic artifacts from the
south and north are known to be quite different (Wendorf
and Schild, 2001). In the end, although the present dental
findings do not provide definitive proof, the fact that Gebel
Ramlah is closest to early Upper Egyptians, including
Badari, suggests that a Western Desert origin remains a
viable hypothesis.

Was there biological continuity between predynas-
tic Naqada and Badarian peoples? Most researchers
believe there is a direct relationship between these
groups, based on material culture similarities (Brunton,
1932; Mond and Meyers, 1937; Massoulard, 1949; Arkell
and Ucko, 1965; Kantor, 1965; Fairservis, 1972; Midant-
Reynes, 2000a,b). A comparison of Badari to the Naqada
and Hierakonpolis samples is supportive of this hypothe-
sis, and contradicts the idea of a foreign origin for the
Naqada (Petrie, 1939; Baumgartel, 1970). Badari is con-
cordant with both Naqada samples for most traits (Table
2). This correspondence is reflected by Badari’s 22-trait
MMDs with Naqada (0.000) and Hierakonpolis (0.012).
The former affinity indicates no difference between sam-
ples, and the latter is insignificant (Table 4). These rela-
tionships are also evidenced by the nearness of all three
samples in the MDS diagrams (Figs. 2, 5) and CA row plot
(Fig. 3). Interestingly, these results are at odds with those
of workers who reported significant cranial nonmetric

(Prowse and Lovell, 1996) and metric (Keita, 1996) differ-
ences between the same Badari and Naqada (NAQ) sam-
ples studied here. The reason for this disparity is
unknown, but may be related to different sample sizes or
types of data employed.
Dental evidence for Badarian continuity does not simply

end with the Naqada period. Of all samples, Badari exhib-
its the closest affinity to the 14 others based on its low
mean MMD of 0.028 and central location in all diagrams
(Table 4; Figs. 2, 3, 5). In fact, in the 22-trait MDS (Fig. 2),
Badari is at the centroid of all 15 Egyptian samples, as
shown in Figure 6. These results seemingly run contrary
to evidence suggesting that Badarian cultural influence
was mostly limited to the vicinity of the type site (Hassan,
1988; Holmes, 1989; Midant-Reynes, 2000a). If the
present affinities are indicators of genetic variation, then
the Badari sample is a good representative of what the
common ancestor to all later predynastic and dynastic
Egyptian peoples would be like.

Was the dynastic period an indigenous outgrowth
from the Naqada culture? Before addressing this ques-
tion, it is of interest to mention the close Naqada-Hiera-
konpolis affinity based on trait concordance, the low
MMD (0.006), and the proximity of the samples to one
another (Figs. 2, 3, 5). At first thought, a close relation-
ship might be expected. After all, the culture is known to
have expanded from its center at Naqada to influence
north and south by the Naqada II phase (Hassan, 1997b;
Bard, 2000; Midant-Reynes, 2000a). However, beginning
at this time and intensifying in Naqada III, Hierakonpolis
became a major competing political/cultural center (Has-
san, 1988; Holmes, 1989; Midant-Reynes, 2000a). There

Fig. 6. Same three-dimensional MDS of 22-trait MMD dis-
tances as in Figure 2, except spikes are oriented toward cent-
roid of 15 samples. Upper Egyptians are depicted with white
squares, and Lower Egyptians with black. Three-letter sample
abbreviations are defined in text.
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are indications (Holmes, 1989) that the inhabitants of
these two centers engaged in warfare (for an opposing
view, see Wildung, 1984); the result may have been the
subjugation of Naqada by Hierakonpolis (Baumgartel,
1955; Bard, 1987), perhaps in alliance with a third major
center at Abydos (Bard, 2000). Although the impetus for
this conflict is unknown, it probably did not involve major
biological differences between the peoples of these two
cities, based on the dental findings.
Concerning the hypothesized Naqada/dynastic link

(Childe, 1952; Arkell and Ucko, 1965; Kantor, 1965;
Holmes, 1989; Hassan, 1997b; Bard, 2000; Midant-Rey-
nes, 2000a), the homogeneity among most samples pro-
vides positive support. Naqada and Hierakonpolis share
low, insignificant MMD values (Table 4) with many
dynastic samples, as illustrated by their membership in
the cluster of 10–11 samples in the MDS of MMD (Fig. 2)
and D2 distances (Fig. 5) and CA row plot (Fig. 3). Evi-
dence in favor of continuity is also demonstrated by com-
parison of individual samples. Naqada and especially
Hierakonpolis share close affinities with First–Second
Dynasty Abydos (MMDs ¼ 0.013 and 0.000, respectively).
Abydos, in turn, is not significantly different from First
Dynasty Tarkhan (0.044), and both share low MMDs with
most later dynastic and postdynastic samples (Table 4;
Figs. 2, 3, 5). These findings do not support the concept of
a foreign dynastic ‘‘race’’ (Petrie, 1939).

Did Egyptians in the second half of the dynastic
period become biologically distinct from those in
the first? Ideally, more dynastic samples than those from
Abydos, Thebes, Qurneh, Tarkhan, Saqqara, Lisht, and
Giza should be compared to address such a broad ques-
tion. Yet excluding the Lisht and perhaps Saqqara out-
liers, it appears that overall dental homogeneity among
these samples would argue against such a possibility
(Table 4; Figs. 2, 3, 5). Specifically, an inspection of MMD
values reveals no evidence of increasing phenetic distance
between samples from the first and second halves of this
almost 3,000-year-long period. For example, phenetic dis-
tances between First–Second Dynasty Abydos and sam-
ples from Fourth Dynasty Saqqara (MMD ¼ 0.050), 11–
12th Dynasty Thebes (0.000), 12th Dynasty Lisht (0.072),
19thþ Dynasty Qurneh (0.053), and 26th–30th Dynasty
Giza (0.027) do not exhibit a directional increase through
time. Moreover, there is no conspicuous correlation
between MMD and geographic distances within and
between Upper and Lower Egypt. A similar pattern is evi-
dent when comparing First Dynasty Tarkhan to these
same five Old Kingdom through Late Dynastic samples.
All display moderate frequencies of the nine influential
traits identified by CA, and a largely concordant occur-
rence of, and trends across, the remaining traits (Table 2).
Thus, despite increasing foreign influence after the Sec-
ond Intermediate Period, not only did Egyptian culture
remain intact (Lloyd, 2000a), but the people themselves,
as represented by the dental samples, appear biologically
constant as well. These findings coincide with those of
Brace et al. (1993, p. 1), who stated that the Egyptians
were ‘‘largely unaffected by either invasions or migra-
tions,’’ and do not support suggestions of increased diver-
sity due to infiltration of outside physical elements.

Did Egyptians of the Ptolemaic and Roman periods
differ significantly from their dynastic antece-
dents? Again, more postdynastic samples would prove
useful in answering this broad question. Moreover, any
foreign genetic influence on the indigenous populace likely

diminished relative to the distance upriver. However, as it
stands, the lone Greek Egyptian (GEG) sample from
Lower Egypt significantly differs from all but the small
Roman-period Kharga sample (Table 4). In fact, it was
shown to be a major outlier that is divergent from all
others (Figs. 2, 3, 5). The Greek Egyptians exhibit the low-
est frequencies of UM1 cusp 5, three-rooted UM2, five-
cusped LM2, and two-rooted LM2, along with a high inci-
dence of UM3 absence, among others (Table 2). This trait
combination is reminiscent of that in Europeans and west-
ern Asians (Turner, 1985a; Turner and Markowitz, 1990;
Roler, 1992; Lipschultz, 1996; Irish, 1998a). Thus, if the
present heterogeneous sample is at all representative of
peoples during Ptolemaic times, it may suggest some
measure of foreign admixture, at least in Lower Egypt
near Saqqara and Manfalut. Another possibility is that
the sample consists of actual Greeks. Although their total
number was probably low (Peacock, 2000), Greek adminis-
trators and others were present in Lower Egypt. Future
comparisons to actual Greek specimens will help verify
this possibility.
Lastly, the Roman-period specimens are much more

closely akin to the seven dynastic samples. Kharga and
especially Hawara are most similar, based on their trait
concordance (Table 2), low and insignificant MMDs (Table
4), and positions within or near the cluster of 11 or so sam-
ples (Fig. 2). El Hesa is more divergent (Figs. 2, 3, 5); this
divergence was shown to be driven by several extreme
trait frequencies, including very high UI2 interruption
groove and UM3 absence, and very low UM1 Carabelli’s
trait. As above, the first two traits are common in Euro-
peans and western Asians; the latter is rare in these
areas, as well as greater North Africa (Irish, 1993, 1997).
Like the Greeks, the Romans did not migrate to Lower
and especially Upper Egypt in large numbers (Peacock,
2000). As such, the distinctive trait frequencies of El Hesa
were probably not due to Roman gene flow. There is no
evidence that Kharga and Hawara received such influ-
ence. Thus the results, at least for these samples, do not
support significant biological differentiation in the Egyp-
tians of this time relative to their dynastic predecessors.

CONCLUSIONS

The determination of trait frequencies, identification of
highly discriminatory traits, and computation of phenetic
affinities among the 15 samples yields a more comprehen-
sive dental characterization of ancient Egyptians than
presented in previous reports. These findings were, in
turn, effective for estimating the synchronic and dia-
chronic biological relatedness that was used to test the
viability of several long-standing peopling hypotheses and
less formal assumptions.
Concerning estimates of relatedness, many samples

appear dentally homogeneous. That is, with the exception
of four or five outliers, most are phenetically similar
enough to imply population continuity from predynastic to
perhaps Roman times. Whereas the more divergent sam-
ples exhibit extreme frequencies of nine traits identified
as most influential, the others share relatively moderate
expressions of these traits and comparable frequencies of
the rest. If these samples are indeed representative of the
populations from which they were derived, then this
homogeneity is also important in addressing the various
peopling scenarios. Beginning with Gebel Ramlah, its rel-
ative proximity to three of four early Upper Egyptian sam-
ples, including Badari, provides some indication of the lat-
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ter’s origins. Affinities among the predynastic and most
dynastic and postdynastic samples are then supportive of:
1) continuity between the Naqada and Badarian peoples,
2) an indigenous outgrowth of the dynastic period from
the Naqada, 3) with some exceptions, biological uniform-
ity throughout the dynastic period, and 4) continuity
between the latter and subsequent Ptolemaic and Roman
periods.
Lastly, beyond these relationships, additional intersam-

ple variation was identified by the distance analyses.
However, without reference to pertinent existing hypothe-
ses, the discussion of such affinities is beyond the scope of
this paper. Still, the patterning illustrated by the MDS
and CA diagrams is of interest, and will receive attention
in future studies comparing Egyptians to samples from
elsewhere in northeast Africa, greater North Africa, sub-
Saharan Africa, and the western Mediterranean area.
Such comparisons will also facilitate analyses of these 15
samples in a broader, more region-oriented perspective
that may help shed additional light on the ultimate ori-
gins of the Egyptian peoples.
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