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Abstract: Dental non-metric traits have become widely used to estimate biological aﬃnities, particularly by utilizing the Arizona State University Dental Anthropology System
(ASUDAS). Here, we oﬀer information from the Middle Bronze Age site of Avaris, located near modern Tell el-Dab’a in the Egyptian Nile Delta, that was ruled by the Hyksos
kings during the Second Intermediate Period (circa 1640–1530 BCE).
Dental non-metric traits were recorded from a sample of individuals (n=90) and analyzed using mean measure of divergence (MMD). Both intra- and inter-site analyses were
conducted. e former compared the ancestry between locals and non-locals, deﬁned isotopically by a recent study. e latter compared Avaris to other Egyptian sites to gauge its
population distinctiveness.
Results indicated that individuals deﬁned as locals and non-locals were not ancestrally diﬀerent from one another. ere was, however, a signiﬁcant diﬀerence (p<0.01)
between the pooled locals and non-locals of Avaris and other Egyptian sites, regardless of
spatial and/or temporal proximity. e results are in line with the archaeological evidence,
suggesting Avaris was an important hub in the Middle Bronze Age eastern Mediterranean
trade network, welcoming people from beyond its borders.
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Introduction
Biological distance, or biodistance, is a sub-ﬁeld of bioarchaeology that focuses on
estimating the (dis)similarity of individuals and groups to reconstruct patterns such
as kinship, social organization and population movement (Stojanowski & Schillaci
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2006). e following is a study on people buried at Avaris, a Middle Kingdom (circa
2000–1640) and Second Intermediate Period (circa 1640–1530 BCE) trade hub located in the eastern Nile Delta. is study focuses on comparing Avaris to other
Egyptian sites, using dental morphology.
ere are numerous investigations using both genetic and phenetic data from ancient Egyptian samples (Berry & Berry 1967; Hawass et al. 2010; Hawass et al. 2012;
Irish 2006; Keita & Godde 2019; Zakrzewski 2007) as well as Nubian samples (e.g.,
Godde 2009, 2013, 2018; Godde & Jantz 2017; Keita 2005). Where genetic studies
are still limited and have focused more on the diﬀerences between past and present
populations (Schuenemann et al. 2017), investigations relying on particular physical
similarity have explored patterns among the ancient populations. Biodistance analyses
using skeletal or dental shape assume that morphological similarity reﬂects underlying genetic closeness as phenotypic expressions become more prevalent among closely
related individuals (Delgado et al. 2019; Hefner et al. 2016:3; Hubbard et al. 2015;
Relethford 2004; Stojanowski & Schillaci 2006). Cranial and dental studies have
suggested similar patterns of overall continuity and an “indigenous state formation
process” (Zakrzewski 2007:501) while still experiencing small bursts of migration
(Irish 2006; Keita 1992; Keita & Godde 2016; Prowse & Lovell 1996; Schillaci et
al. 2009). Many of these studies have raised the need for more research and samples
(Irish 2006; Zakrzewski 2007).
e ancient town of Avaris in the eastern Nile Delta is unique in Egyptian history,
forming a mixture of Egyptian and non-Egyptian traditions. In its earliest occupation
period during the Middle Kingdom 12 Dynasty (circa 2000–1800 BCE), material
culture and settlement structures were consistent with Egyptian tradition, with few
Aegean and Levantine imports (Bietak 2010:150). By the end of the 12 Dynasty, the
archaeological record exhibits a combination of Egyptian and Near Eastern Middle
Bronze Age (MBA) elements (Bader 2012; Bietak 2010:139; Bietak 1991a, 1991b;
Forstner-Müller 2008; Schiestl 2009). ese include Near Eastern temple types and
artefacts, as well as burial and religious customs (Bietak 1996:36-41; Bietak 1981,
2007:428, 2009, 2019; Forstner-Müller 2008; Kopetzky 2010; Mourad 2015; Prell
2019a, 2019b, 2019c, 2020, 2021; Schiestl 2009). During the Second Intermediate
Period, rulers of Avaris were passed down in historical sources as not of Egyptian origin (Gardiner 1916; Habachi 1972; Waddell 1940). is is implied even by the title,
the Greek term Hyksos deriving from the ancient Egyptian HKA.w-xAs.wt meaning
“rulers of foreign lands”. e Hyksos, a name that has sometimes lent itself for the
entire time period and material culture in general (e.g., Schaeﬀer 1949), had a lasting inﬂuence on ancient Egyptian culture, from politics to religion (Bietak 2007:432;
Mourad 2015, 2021).
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e archaeological evidence from Avaris has provided a general idea of population
provenance. Van Seters (1966:1-4) connected the Hyksos with the ethnic identiﬁer
aAmw, Asiatic, which had been used by Egyptians for Western Asiatics since the Old
Kingdom (Strudwick 2005:335). e term is ambiguous in that it does not point to
a clearly demarcated region in the eastern Mediterranean, consisting of at least the
Levant (Altenmüller 2015; Marcus 2007; Mourad 2015:100-101,197,281).
Craniometric data has previously been used to compare Avaris with sites from
Egypt, Nubia and the Near East, spanning from 2000 BCE to 100 CE (Winkler &
Wilﬁng 1991:91-96). e metric data was analyzed with a hierarchical dendrogram
which clusters the samples into a tree-like diagram, and placed Avaris far away from
Saqqara, Abydos and several eban samples. e closest samples, on the other hand,
were from 5 century BCE Kamid el-Loz (Kunter & Poppa 1977) and 900–200 BCE
Algeria (Chamla 1967). Because of poor preservation, sample sizes for each individual
measurement were low for both males (sample number between one and six) and
females (between one and ﬁfteen). Another study by Randl-Gadora and Großschmidt
(2002) compared 37 subadults from Avaris to larger regional samples (North Africa,
Sub-Saharan Africa, West Africa and Western Europe) using dental nonmetric traits
and least agreement of frequencies. In this study, the individuals grouped best with
North Africa and Western Europe. Since these preliminary studies, advances have
been made in recording standards and statistics and, as mentioned previously, more
region-speciﬁc comparative material has also become available.
e research project “e Enigma of the Hyksos” made it possible to reassess a
sample of human remains from Avaris using a host of diﬀerent techniques. A recently
published study utilized strontium (⁸⁷Sr/⁸⁶Sr) analysis to understand movement and
migration within the people’s lifetimes (Stantis et al. 2020). In the cohort of 75 individuals, Stantis et al. (2020) found that 53% (40/75) of sampled individuals from
Avaris had likely spent their childhood outside the Nile delta. e range of values was
wide, suggesting potentially multiple origins for the migrants.
In addition to the isotope study, a sample of the available human remains from
Avaris was recorded to investigate biodistance within the site and between other ancient Egyptian samples. Due to the poor preservation and incompleteness of the
available skeletal material, dental non-metric traits provided the best approach to investigate biodistance between the people of the town and other ancient Egyptian sites
(Figure 1). Dental nonmetric traits, also known as discrete, discontinuous or epigenetic traits, are accessory ridges, tubercles, styles and accessory cusps in crowns and
deviations in root numbers (Scott & Turner 1988). ese features are governed by
circa 300 genes in interaction with epigenetic and environmental factors (Ramirez
Rozzi 2016; esleﬀ 2006; Townsend et al. 2009, 2012) which are considered stable
enough for teeth to be ideal structures for biodistance analyses.
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Two research questions premised on using dental nonmetric traits were posed for
the Avaris material:
1. Are there signiﬁcant diﬀerences in ancestry between the locals and non-locals
of Avaris as determined by Stantis et al. (2020)? Since people arrived at the
site during both the pre-Hyksos and Hyksos period (though in larger numbers
during the pre-Hyksos period), we assume there are no signiﬁcant diﬀerences
between locals and non-locals.
2. How does Avaris cluster in relation to other Egyptian sites? Given previous
studies of the site (Bader 2012:223, 2013; Randl-Gadora & Großchmidt 2002;
Stantis et al. 2020; Winkler & Wilﬁng 1991), we hypothesize that, as a group,

Figure 1. Map of sites mentioned. Giza also marks the location of modern Cairo. Map created by Nina Maaranen.
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the Avaris assemblage will appear morphologically distant from ancient Egyptians.

Material
After decades of suspicion (Gardiner 1916:100-101; Habachi 1954), the archaeological site near modern Tell el-Dab’a, circa 105km north-east from Cairo, was conﬁrmed
as the ancient Hyksos capital of Avaris (AVA) by excavations led by the Austrian Archaeological Institute in Cairo and the Institute of Egyptology at the University of Vienna (Bietak 1975, 1981, 1996). Estimated at 250ha at its largest (Bietak 1991a:29),
the site has several excavation areas (Figure 2). e study sample presented herein
(n=90) derives from Area A/I (n=1), A/II (n=76) and F/I (n=13), spanning from the
end of the 13 Dynasty (stratum G) to the 15 Dynasty (stratum D/2). Access to
the material was permitted through the Anthropological Department of the Natural History Museum of Vienna, the Anthropological Department of the University of
Vienna and the Medical University of Vienna (Supplementary Table 1, raw data available from author by request). All dental non-metric data from Avaris was recorded by
Maaranen, and the remains were treated according to ethical guidelines (Brickley &
McKinley 2001).
Temporal similarity is ideal when comparing regional diﬀerences (Stojanowski &
Schillaci 2006) but there are few available collections from the Middle Kingdom and
Second Intermediate Period for such comparative studies. We adopted an approach
that has been used in previous investigations, expanding our analysis to a wider temporal window of Egyptian dynastic history, spanning from Early to Late Dynasties as
described in Table 1. Details of the comparative material from Abydos (ABY), Giza
(GIZ), el-Lisht (LIS), Qurna (QUR), Saqqara (SAQ), Tarkhan (TAR) and ebes
(THE) have also been compiled in Table 1. e data from these sites was collected
by Irish (2006).

Methods
ere are several methods for recording dental variation (Alt 1991; Alt et al. 1998;
Zubov 1977), but the Arizona State University Dental Anthropology System (ASUDAS) has become the most widely used (Hanihara 2008; Irish 2005, 2015; Scott &
Turner 1997). ASUDAS traits (Table 2) have been selected because of their durability, easy identiﬁcation, good repeatability, heritability and lack of sexual dimorphism
(Hanihara 1992; Hubbard et al. 2015; Scott 1973; Scott & Turner 1997; Turner et
al. 1991). e traits deemed most useful were ﬁrst compiled by Turner et al. (1991),
including casts for further recording assistance. Further resources, such as more detailed descriptions and photographic atlases (Irish 2015; Scott & Irish 2013, 2017;
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Scott & Turner 1997), have been produced since then to increase inter-observer reliability.

Data collection
Following recording guidelines (Scott & Irish 2017), dental nonmetric traits from
the Avaris collection were recorded as present/absent or as a grade from absent to
full expression (see Table 2, Figure 3). ough some traits can be recorded from
several teeth, only one tooth per person was selected to express each trait to avoid
duplication and bias. Additionally, the trait must always be considered from the same
tooth in comparative studies. As an example, though shoveling (Figure 3a) can be
recorded from all anterior teeth (e.g., upper and lower incisors and canines), only one
upper central incisor was used in the analysis. For this study, the tooth was chosen to
match the previous study (Irish 2006), a practice that is recommended in the recording
standards as well (Scott & Irish 2017). e trait was recorded from the side with
the stronger expression, assumed to best express the underlying genotype (Turner &
Scott 1977).

Figure 2. Map of Avaris/Tell el-Dab’a and its excavation areas. e study material was excavated from areas A/I,
A/II and F/I. Map created by M. Weissl; graphics by N. Math. Image courtesy by the Hyksos Enigma project.
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Table 1. Sample information from Avaris and comparative sites (from Irish 2006).
Site
Abydos
Avaris

Giza

el-Lisht

Qurna

Abbr. n Period
ABY 54 ED¹ (dyn.
1–2)
AVA 90 MK-SIP²
(dyn.
13–15)

Description
Burials of oﬃcials and palace staﬀ from a heavily disturbed cemetery near the king during 1–2 dyn.
Burials from Area A/I, A/II and F/I, consisting of jar,
pit and chamber graves. Archaeological samples excavated in the late 1960s and early 1970s were exported to
Vienna, Austria, after a ﬁnd partition in e Museum
of Egyptian Antiquities (Cairo, Egypt).
GIZ 62 LD³ (dyn. Burials were discovered south of the Great Pyramid,
26–30)
circa 1–2km away. Little commentary on the burials
exists apart from their dating (600–300 BCE).
LIS 61 MK⁴
Necropolis for the Middle Kingdom capital Itjtawy,
(dyn. 12) consisting of royal, noble and ordinary graves. e
burials were excavated by the Metropolitan Museum of
Art (1906–1934) in New York and the skeletal material
is curated by the Smithsonian Institution, Washington,
D.C., USA.
QUR 67 NK⁵ (dyn. Cemetery near Qurna mortuary temple. Field notes
19–22)
indicate ﬁnds were distributed between several institutions in Europe and North America.

Saqqara

SAQ 41 OK⁶
(dyn. 4)
Tarqhan TAR 51 ED¹

ebes

THE 54 MK⁴

¹ Early Dynastic
⁵ New Kingdom

Reference
Petrie 1902:1
(see this study)

Petrie 1907:29

Baines & Malek
1982:133;
Lythgoe 1909;
Mace 1921

Petrie 1909
after Irish 2006;
Griﬃth
Institute 2015
Burials likely from the elite or royal cemetery in North Irish 2006
Saqqara, curated by Musée de l’Homme, Paris, France.
Over 2000 burials were excavated, including both pit Petrie et al.
burials and mastabas. Notable ﬁnds include seal im- 1913; Griﬃth
pressions of King Narmer.
institute 2015
e skulls were part of a larger collection acquired by Irish 2006;
the Austrian anthropologist Felix von Luschan. e Szemethy
collection was later sold to the American Museum of 2015:122
Natural History in New York, USA.

² Middle Kingdom – Second Intermediate Period
⁶ Old Kingdom

³ Late Dynastic

⁴ Middle Kingdom

Statistical analysis – mean measure of divergence
Both intra- and inter-observer error tests were conducted to ensure agreement between
data sets. Intra-observer error test was assessed on a sub-sample of individuals from
Avaris, housed at the University of Vienna, while the inter-observer error test was
conducted on a sample of individuals stored at Liverpool John Moores University. e
intra-observer error was assessed using Spearman’s rank correlation coeﬃcient. Interobserver error test was conducted using Cohen’s kappa coeﬃcient which measures the
reliability between raters using nonparametric data. Biodistance was analyzed using
modiﬁed mean measure of divergence, referred to as MMD henceforth (Harris &
Sjovold 2004; Sjovold 1977, 1984; Smith 1972). It uses summary data to compare
trait frequencies across groups, allowing it to cope with missing data, which has made
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Table 2. List of ASUDAS dental traits (and abbreviations) recorded from the material.
Trait
Winging
Labial curvature
Palatine torus
Shoveling
Double-shoveling
Interruption groove
Tuberculum dentale
Pegged of reduced incisor
Mesial accessory ridge
Distal accessory ridge
Premolar accessory ridges
Accessory cusps
Metacone size
Hypocone size
Bifurcated hypocone
Cusp 5
Marginal ridge tubercles
Carabelli cusp
Parastyle
Enamel extensions
Upper premolar root number
Upper molar root number
Congenital absence
Odotome
Tome’s root
Lower premolar lingual cusp number
Anterior fovea
Mandibular torus
Groove pattern
Rocker jaw
Cusp number
Cusp number
Cusp 7 size
Deﬂecting wrinkle
C1–C2 crest
Protostylid
Lower canine root number
Lower molar root number
Torsomolar angle
Mandibular molar pit tubercle

Recorded
Score
Score
Score
Score
Score
Present/Absent
Score
Score
Score
Score
Score
Present/Absent
Score
Score
Present/Absent
Score
Present/Absent
Score
Score
Score
Count
Count
Present/Absent
Present/Absent
Score
Count
Score
Score
x/y/+
Score
Score
Score
Score
Score
Score
Score
Count
Count
Present/Absent
Score

Abbreviation
W
LC
PT
S
DS
IG
TD
UI2V
MAR
DAR
PAR
AC
M
H
BH
C5_UM
MRT
CC
PA
EE
RN_UP
RN_UM
M3V
O
TR
CN
AF
MT
GP
RJ
C5_LM
C6
C7
DW
MDTC
PR
RN_LC
RN_LM1 or LM2
TA_LM3
MPT

The people of Avaris

9

the method extremely useful for material from archaeological contexts. If there is no
diﬀerence between samples, MMD will resemble a normal distribution with a mean
of 0 (Harris & Sjovold 2004).
To create the frequency table, values must ﬁrst be dichotomised into present (1)
and absent (0). ough some traits have already been recorded as present and absent,
the ones recorded by score/grade must be transformed according to trait thresholds or
breakpoints, set by the investigator. With graded traits, the breakpoint often begins
from a higher score, e.g. the breakpoint of shoveling is often 2, which excludes weak
expressions to diﬀerentiate between individuals exhibiting strong trait expressions.
e use of breakpoints has the beneﬁt of decreasing inter- and intra-observer error by
omitting weaker and sometimes diﬃcult to see expressions, but it does come with the
drawback of limiting inter-study comparisons if investigators have chosen diﬀerent
breakpoints. Since traits with diﬀerent breakpoints are not comparable, several researchers have opted for using recommended standard breakpoints. e breakpoints

Figure 3. Examples of dental traits observed from the samples: a) shoveling (circle) and tuberculum dentale
(square) on upper ﬁrst incisor, b) mesial accessory ridge (circle) and slight distal accessory ridge on the opposite
margin of upper canine, c) marginal ridge tubercles (circle) and Carabelli’s cusp (square) on upper ﬁrst molar,
d) anterior fovea (circle) and Y-groove pattern (square) on lower ﬁrst molar, e) worn but still visible cusp 5 (circle)
on lower second molar, f ) protostylid (circle) on lower second molar (with possible carious lesion in the pit). Image
created by Nina Maaranen.
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used in this study follow the morphological thresholds that have been assessed and
recommended by prior research (Haeussler et al. 1988; Nichol 1990; Turner 1987).
MMD can be biased by too small a sample (n<10), strongly correlated traits and
traits that show no variation between samples. To ameliorate these issues, traits with
less than 10 overall observations were excluded, so were traits exhibiting strong correlation based on Kendall’s tau-b rank correlation coeﬃcients (τ -b≥0.5). e analysis
was conducted in the R package AnthropMMD (Santos 2018) using the Anscombe
angular transformation. e program was used to drop traits that did not contribute
to variation (overall mean divergence or MD≤0). e resulting distance value increases with dissimilarity. Distances are considered statistically signiﬁcant (p=0.05)
two standard deviations (2SD) apart.
Patterns can be visualized with multidimensional scaling (MDS) which creates a
spatial representation of 1-to-n dimensions. It is a nonlinear dimension reduction
technique that attempts to maintain the best dissimilarity between points in 2 or 3dimensional space by assigning diﬀerent points for several iterations until the best
solution is found. ere are two general methods for MDS, the metric/classical MDS
and the nonmetric MDS (NMDS) that are used for continuous and rank data, respectively. As the MMD distance matrix derived from non-linear data, NMDS was
used to visualize the distances.

Results
Intra-observer (Maaranen) and inter-observer (Maaranen and Irish) error tests indicated good agreement between recording events (Spearman’s ρ=0.98, p<0.00, n=216
observations) and between observers (Cohen’s κ=0.8, p<0.00, n=281 dichotomised
observations), respectively. No trait within the Avaris dataset indicated strong intertrait correlation.
e ﬁrst MMD analysis was conducted using only Avaris, dividing the data set
into locals and non-locals (S1-2) according to values published by Stantis et al. (2020).
63 of the 75 individuals (30 locals, 33 non-locals) used in the isotope study had teeth
in good enough macroscopic condition for dental recording. Eight dental traits had
enough observed cases (≥10) between groups; UM3 metacone size, UM2 hypocone
size, UM2 bifurcated hypocone, UM1 Carabelli cusp, UM3 congenital absence, premolar odontomes, LP2 lingual cusp number and UM2 y-groove pattern. None of
the traits showed positive variation (mean divergence or MD>0), indicating there is
no diﬀerence between the two groups. We accepted the null hypothesis, indicating
no diﬀerence between groups.
Next, Avaris was compared to other Egyptian sites, including individuals not used
in the isotope study. UI1 winging, palatine torus, LP1 Tome’s root and LC root number had less than 10 observations. Some inter-trait correlations have been reported
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Table 3. Traits, breakpoints and sample numbers after accounting for low sample numbers,
inter-trait correlation and traits lacking overall variation. Avaris data from NM, comparative
data from Irish (2006). Abydos (ABY), ebes (THE) and Qurna (QUR) are Upper
Egyptian sites. Tarqhan (TAR), Saqqara (SAQ), el-Lisht (LIS), Giza (GIZ) and Avaris (AVA)
are Lower Egyptian.
Trait
Mesial accessory ridge UC
Carabelli’s trait UM1
Enamel extension UM1
Root number UP1
Congenital absence UM3
Lingual cusp LP2
Rocker jaw
Protostylid LM1
Torsomolar Angle LM3

Present ABY THE QUR TAR SAQ LIS
(1–3)
17
33
31
37
10 27
(2–7)
32
31
34
28
16 23
(1–3)
43
42
51
45
18 47
(2+)
31
34
34
32
29 42
(-)
54
51
59
49
35 55
(2–9)
25
37
35
18
12 12
(1–2)
36
53
52
43
37 37
(1–6)
21
41
32
20
14 15
(+)
32
40
37
36
23 26

GIZ
32
33
47
32
52
21
51
35
35

AVA
21
37
24
12
43
23
19
25
18

Table 4. Traits, breakpoints and relative frequencies (%) after accounting for low sample
numbers, inter-trait correlation and traits lacking overall variation. Avaris data from NM,
comparative data from Irish (2006). Abydos (ABY), ebes (THE) and Qurna (QUR) are
Upper Egyptian sites. Tarqhan (TAR), Saqqara (SAQ), el-Lisht (LIS), Giza (GIZ) and
Avaris (AVA) are Lower Egyptian.
Trait
Mesial accessory ridge UC
Carabelli’s trait UM1
Enamel extension UM1
Root number UP1
Congenital absence UM3
Lingual cusp LP2
Rocker jaw
Protostylid LM1
Torsomolar Angle LM3

Present
(1–3)
(2–7)
(1–3)
(2+)
(-)
(2–9)
(1–2)
(1–6)
(+)

ABY
17.7
84.4
9.3
71.0
7.4
76.0
30.6
19.1
9.4

THE QUR TAR SAQ LIS GIZ AVA
3.1
0.0 5.4
0.0 0.0 6.3 19.0
90.3 70.6 67.9 100.0 60.9 72.7 89.1
4.8
9.8 0.0
0.0 14.9 6.4 29.1
85.3 70.6 75.0 89.7 61.9 62.5 66.7
19.6 18.6 4.1 20.0 3.6 15.4 4.6
70.3 54.3 77.8 66.7 66.7 61.9 93.0
22.6
9.6 16.3 24.3 32.4 13.7 5.2
12.2
6.3 10.0
7.1 53.3 11.4 64.0
22.5
2.7 5.6
0.0 30.8 2.9 27.8

in the Egyptian data by Irish (2006) between UI1 labial curvature and shoveling,
UI1 shoveling and double-shoveling, LM1 C1–C2 crest and anterior fovea and LM1
cusp number and deﬂecting wrinkle (Irish 2006). ese were omitted from further
analysis. From the remaining traits, 12 did not contribute to the variation (MD<0):
peg-shaped UI2, UM2 hypocone size, UM2 root number, UM3 parastyle, P1–P2
odontome, LM1 cusp 6, LM1 root number, LM1 cusp 7, LM2 groove pattern, LM2
root number, LM2 cusp number and mandibular torus.
From the remaining nine traits, LM1 protostylid (MD=11.2), LM3 torsomolar angle (MD=5.6), UM1 Carabelli cusp (MD=5.0) and UM1 enamel extension
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(MD=3.6) contributed most of the variation in the analysis. Protostylid, contributing
most of the variation, is most frequent in the Avaris (64.0%) and el-Lisht (53.3%)
samples and most infrequent in the Qurna (6.3%) sample. LM3 torsomolar angle
was most frequent in el-Lisht (30.8%) and Avaris (27.8%) and infrequent in Saqqara
(0%). Carabelli cusp was frequent in all site samples, from 60.9% to 100%, including
Avaris (89.1%). e highest frequencies of enamel extension were noted in the Avaris
(29.1%) and el-Lisht (14.9%) samples. More details are available in Tables 3 and 4,
and further information on dental non-metric trait frequencies (including the traits
not used in the MMD analysis) can be requested from the corresponding author.
According to the MMD analysis, Avaris was signiﬁcantly diﬀerent (p<0.01) from
every other group, whether Upper (Abydos, Qurna, ebes) or Lower Egyptian (Giza,
el-Lisht, Saqqara, Tarkhan) (Supplementary Information Table 3). ere were significant diﬀerences between certain Egyptian samples as well, but overall, they clustered
together (Figure 4). Egyptian sites were less than 3SD apart on average, regardless
of their geographic location or date (ranging from Early to Late dynastic, speciﬁed in
Table 1). On average, Avaris was 7SD apart from the other Egyptian sites, ranging
between 3.2 and 11SD, well beyond the 0.05 signiﬁcance level. Morphologically,

Figure 4. NMDS plot of the MMD distances. e ellipse marks the Lower Egyptian sites (excluding Avaris).
ABY=Abydos, AVA=Avaris, GIZ=Giza, LIS=Lisht, QUR=Qurna, SAQ=Saqqara, TAR=Tarkhan, THE=ebes.
Graph by Nina Maaranen.
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Avaris was closest to el-Lisht at 3.2SD away, a site that is similar both spatially and
temporally.

Discussion
Two research questions were posed of the material. First, the biodistance between
locals and non-locals was examined. According to the stable isotope study, migration
to Avaris began in the pre-Hyksos era (Stantis et al. 2020). e oldest samples in the
study dated to stratum G, the Middle Kingdom 13 dynasty. Small numbers of SyroPalestinian cooking pots, used in local food production (Aston & Bietak 2004:156;
Bader 2012, 2021:56), have been found from 12 Dynasty layers in Area F/I. Cooking ware has been regarded as the “internal domain” of a family or household and
culturally more conservative, making it a potential indicator of cultural backgrounds
(Burmeister 2000:540-542). Considering the results presented here and by Stantis
et al. (2020), it is possible the pottery ﬁnds of the 12 Dynasty represent the onset
of migration to Avaris. According to the MMD analysis, there was no diﬀerence between locals and non-locals; the people who had spent their childhood outside Egypt
were closely related to the individuals with local values. Limitations in sample numbers meant MMD analysis of locals and non-locals could not be used in conjunction
with sex or time periods. ese diﬀerences within the Avaris sample will be explored
further in the future when focussing solely on intra-site analysis (namely, Area A/II),
utilizing a host of additional statistical techniques and further contextual information.
Recent study included δ¹⁸O values as well to investigate mobility in Avaris (Stantis
et al. 2021). e results of this study were generally similar to the previous investigation (Stantis et al. 2020), though ﬁve individuals with “local” ⁸⁷Sr/⁸⁶Sr biospheric
values fell outside the group median in δ¹⁸O values. Because there are multiple possible explanations for the diﬀerence, ranging from distinct diets to an origin somewhere
else along the Nile Valley, the best way to incorporate the δ¹⁸O data into further studies will be considered further in the intra-site analysis to come.
Second, Avaris was regarded in relation to other ancient Egyptian sites. Irish
(2006) reported an overall dental homogeneity among dental samples from Abydos,
ebes, Qurneh, Tarkhan and Giza with el-Lisht and Saqqara as possible outliers. e
Avaris sample was signiﬁcantly diﬀerent from other Egyptian sites (p<0.01), making
even the “Egyptian outliers” (Saqqara and el-Lisht) appear clustered with the other
Egyptian sites (Figure 4). Together with the isotope results, this gives strong indication that the people settling in Avaris were not ancestrally close to Egyptian populations. El-Lisht was the morphologically closest site to Avaris, though still signiﬁcantly
diﬀerent (p=0.005). e relative closeness could be due to both spatial and temporal
compatibility between the sites. e necropolis of el-Lisht consists of graves of royals,
nobles and ordinary people (Mace 1921:10). A brief comment was noted from an el-
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Lisht excavation report by Lythgoe (1909:122), from the bioanthropologist Hrdlička:
“Only four foreign, broad skulls were found among over two hundred Egyptian, […].
e broad crania are in all probability Asiatic, from north of the Semitic region.” e
Illahun papyri also mention Asiatic settlements, the so-called wnw.wt, which supposedly existed in the vicinity of el-Lisht (Bietak 2022; Luft 1993). ough there is no
record of how cranial shapes were assessed, it suggests the excavated individuals comprising this collection may have been morphologically (and ancestrally) diverse and
perhaps marginally non-Egyptian.
When considering all the information together—the 12 Dynasty onset of the
non-Egyptian archaeological evidence, the high percentage of ﬁrst-generation movers
of the pre-Hyksos era, and the biological closeness of the locals and non-locals but
distinct diﬀerence to other Egyptian sites—it appears that migration to Avaris began
early in its formation. ere is ample of evidence for the presence of Near Eastern
people in Egypt from the 12 Dynasty onwards (Luft 1993; Schneider 2003), assimilating to varying degrees into the Egyptian culture. Interestingly, movement appears
to have slowed down during the Hyksos period, supported by the lower frequency of
non-locals (Stantis et al. 2020) and a decrease in imported Levantine pottery (Vilain
2019:400, 2021) during the Hyksos period.
ough it is likely that the population of Avaris consisted of people of both Egyptian and non-Egyptian origin based on both textual and material evidence (Bietak
2016), the statistical analysis of the group places emphasis on the latter. e archaeological evidence of Avaris appears as a combination of both Egyptian and Near Eastern traditions (Bader 2012; Bietak 2010:139; Bietak 1991a, 1991b; Forstner-Müller
2008; Schiestl 2009), suggesting the presence of Egyptians and/or Egyptianized Asiatics. It could be that native Egyptians continued to bury their dead outside rather than
within the city, making them absent from the data set, but this cannot be ascertained
without further excavations.
If people of Egyptian ancestry did indeed live in the city as well, the distinctiveness of the Avaris sample when compared to the other Egyptian sites could be the
result of some degree of population segmentation at the site. Migrants’ desire to perpetuate old collectives in new environments has been recorded in both archaeological
and historical settlements (Smith 2010: 150), such as Kanesh (Larsen 2015), Kish
(Charpin 1992) and Sippar (Harris 1975). Size and unity of the migrant population
can also aﬀect the formation of a group that is self-contained and promotes group
member identity, particularly if the group is historically or ethnically distinct from
the target population (Massey 1999; Tsuda & Baker 2015:310).
ere is also the possibility that Avaris could reﬂect an unusually high degree
of genetic drift, though this would be more diﬃcult to interpret together with the
isotope evidence. Contemporary samples from Egypt are scarce, but further work
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will hopefully ameliorate this issue. Furthermore, diﬀerent cemeteries in Avaris may
represent diﬀerent ethnic enclaves with potentially diﬀerent migration backgrounds
(Priglinger 2019). e majority of samples from Avaris in this study derived from Area
A/II with too few individuals from the other cemeteries for a more extensive intrasite analysis. It is also possible that the Hyksos rulers, not present in this sample, did
not share the same biological aﬃnity as the “general population” of the city, creating
yet another potential line of questioning for future research. e sample used in this
study comprised individuals from all burial types (jar, pit and chamber burials), age
groups and sexes from multiple time periods (from G to D/2, the end of the Middle
Kingdom to the end of the Hyksos Period), making it at least generally representative
of the site.
In addition to the practical issues, the methodological limitations may also have
implications to the interpretations. Missing data, caused by poor preservation, was
prominent in this study. e selection of MMD as the main statistical tool was able
to combat the issue by employing frequency tables, but even this method has some
caveats (discussed in Methods), which can limit the available variables and lead to loss
of observable variation. Not using the full ASUDAS chart for analysis is not necessarily a detriment, however, as some traits have more utility than others (Rathmann &
Reyes-Centeno 2020). Population aﬃnity can be equally reliable when reconstructed
with a smaller set of diagnostic traits.
Another issue concerns the use of dichotomised data. e phenetic appearance of
dental traits can be either dichotomous or quasi-continuous (Scott & Turner 1988:
100) but MMD can only treat dichotomous data. By transforming the data into
completely dichotomous sets, variation is lost. Furthermore, the results of the MMD
analysis, like all other biodistance methods, are dependent on the samples used in the
study. ough the relationships between sites generally remain similar, omitting or
adding a group in the analysis changes the values and can cause alterations in interpretations, particularly with groups on the fringe of “signiﬁcance” (close to the set
p-value). erefore, the results here reﬂect biodistances as represented by the samples
and the available, dichotomised variables.
Keeping the limitations in mind, Avaris can be included in the larger discussion
of Egyptian population history. Previous studies have found some variation between
sites which has been interpreted as an indicator of immigration and gene ﬂow during
Egyptian history (Irish 2006; Keita 1992; Keita & Godde 2016; Prowse & Lovell
1996; Schillaci et al. 2009). Avaris forms a unique data point in the population
history of ancient Egypt. Egypt’s interests in the eastern Mediterranean trade network
throughout the pharaonic period are well known (Bietak 2007), demonstrated by
the mere existence of Avaris, located in an access point to both road- and maritime
networks (Bietak 1996:3). is work will hopefully act as a stepping-stone for more
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synchronous analyses in the future as further data from the late Middle Kingdom and
Second Intermediate Period become available. Especially other eastern Nile Delta
sites, such as Tell el-Retaba and Tell el-Maskhuta, could open further insights into
the eastern Nile Delta population structure.

Conclusions
Biodistance analyses on ancient Egyptian material are continuously increasing in number, improving our understanding of past population history. e analysis provided
here builds on the work of Stantis et al. (2020) while also providing fresh insights
from a diﬀerent perspective in terms of movement and migration in Egypt, at the
Middle Kingdom and Second Intermediate Period site of Avaris. e results of the
biodistance study, using dental non-metric traits, support the archaeological evidence
of a town with a substantial migrant element, likely born from Egypt’s trade interests
with the wider eastern Mediterranean region.
An entirely synchronic assessment of intra-regional diﬀerences was not possible
here; to limit temporal eﬀects, comparative sites were selected from the dynastic periods which overall have been noted to have less ﬂuctuation (Irish 2006; Zakrzewski
2007). is study focussed on how Avaris related to other Egyptian sites, attempting
to use as robust a data set as possible (i.e., pooling the data). For more nuanced work,
further research on Avaris will include an intra-site analysis, employing further statistical tools and more contextual data, as well as an inter-regional analysis to compare
Avaris to contemporary Near Eastern sites.
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