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Bioarcheological Report
For the 2009 Amarna South Tombs Cemetery Skeletal Analysis
By: Melissa Zabeckand Gretchen Dabbs

Introduction

Analysis of the skeletal material recovered duringfittle excavatiorseason of the
Amarna South Tombs Cemetesgs conductedrom 13May to 8 June2009.The analgis
wasdirectedby Dr. Melissa Zabecki, Dr. Gretchen Dabbad Professor Jerigose, who
were assisted by team from the Universitgf ArkansasncludingAmy Chancellor, Nicole
Fumo, John Gorski, Jessikinsey, Sean LeeAndrew LoPinto,Daniel Neubauer, Ronald
Pursley Brad RegaWilliam Schaffer,Bryony Simmons, and Blair Viguet.

Research questions that drove the asegdywere continuousbeveloped and modified
based on the past fouegrs’ analtical results andspecialized projects were introduced to
enhance the anais.As in previous gars, the peculiar demographic profile with high
juvenile deaths was a prioritfhe frequent spinal trauma and extensive evidence of
childhood dietarydeficiencie, remained a major conceffo follow up on our understanding
of these issues of poor childhood health and nutriaoalysis of indicators of childhood
stress, such aates of cribra orbitali'|gnamel hpoplasias and skeletal growth ratesre
conduc¢ed.All routine skeletal data sets, such as age, sex, and the presence of pathological
lesions, were collected lifie teamAdditionally, specialized projestfocusing on the
reconstruction of the behavioral patterns necessitated collection of da& ire of adult
long bones, variation in muscle attachment sizes, alagsxto determine cortical thickness
of the bonesAppropriate analges will be undertaken to address our research questions
during the coming gar while available preliminamgsuls are presented in this repdrhis
report is a product of contributions from all team members during the 2009 season.

Methods

The excavated skeletadaterial waorganized in the lab bgxcavation unitsso the
skeletongcould be anabedwithin their archaeological contexandsobones dispersed by
ancient grave robbers could teinitedto their skeletongAll of the skeletal materials was
cleaned bydry brushing with soft brushe$his was performed over a plastic basin to catch
any cultural andbiological materiathat mayhave beemixed with the sand. This detritus
was regularlyscreened to recoveneaningful element®onosseous biological materglch
as hair, bodyissues, anfingernails as well asll cultural material, such as linematting
and potterywas bagged with labels stating the provenience and set asfdauferanalgis
by specialists within each field

After cleaning, basic data collection was conducted following the protocol specified
by Buikstra and Ubelaker (1994hcluded in this data afgone and tooth inventories, age
and sexestimationsbone and tooth measurements, and pathological observatddisonal
specialized data were collected according to individual protocols published in recent research
publicatons.Data for these special projects was collected on matesialthe entire Amarna
SouthTombsCemeterysample excavated fron2006 to 200. We would like to thank our
SCA inspectarMr. WalaaMostafa Mohammed Alifor allowing us access to the prewsty
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excavatednateria) recoveredrom 2006 to 2008The additional data greatBnhanced each
studyby making the sample size largaihich allowed thegesultsto bemore meaningful.

Craniometric data, consisting 82 measurements and eight observetiof
morphological traitswere collected from the skull§hese data will be used to anedyskull
shapes to define possible regions of origin for individuals in the sa@gieical diameters
of the permanerteethfrom all adult skulls were takeffhe measurements taken on adults of
known sexwill be used to design a multivariate formwtaich will allow for sex estimation
based on tooth size for individuals without os coxae, the bones trallifioead to estimate
sex.Biomechanical measurementsfemora and humeri were takealong withx-rays of the
bone shaftsto measure the thickness of the bone cofierse data can be used to
reconstruct the extent of use of the legs and arms.

Results and Discussion

The 2009 excavations of tienarnaSouth TombsCemeterywere conducted in two
locationsof the cemeteryin onelocation excavations continued in the same area as previous
years, at the site now referred to as the upper cemetatyon.In 2009,a strip ofseverbm
X 5m squares was opsath adjacent and north of those neé in 20062008.In the other
location a strip of six 5m x 5m squares was opened in a new area to the north, near the mouth
of the wadi.This area is now referred to as the lower cemdtaation.In total, 62
individuals, 13 isolated skulls, and four isolated mandivie® excavated from both areas
The condition of the skeletal material varied gre&thyn verywell preserved to salt
encrusted and stisleached bondlfrown to the surface bgncient tomb roldrg lackng any
organic matrixThe maximum amount of information was gathered from each bone
regardless of its condition, but some data including simple age and sex determinations for
certain individuals were impossible to collect due to the poor preseredtsame of the
bone. This differential preservation complicates the integfignyarcheological skeletal
sample and the total number of observations reported for individual sisdipes will vary
as a result.

The reexamination of all skeletal renms excavated since 2006 enabled the team to
conduct analgis and interpretation dhe totalityof the Amarng&South Tombs Cemetery
sample.The demographgf the South Tombs Cemetdsypresented separatdty the lower
and uppecemetenyjocations butit is important to keep in mind that the lowsametery
locationis a limited sample, since it has otlgen excavated for a single seasogure 1
showsthe age categoried death for the lower sit@ green. This reveal®anydeaths from
birth to five yearsof age which is normal in ancient societies. The death rate falls to a low
between 5 and 20=@rsof age which is agin normal for all populationginally the death
rate begins to rise after age 20 with oalfew old adults dpg after 45 garsof age.

Although the length of liféor the people in the loweremeterylocationis veryshort their
distribution byages at death is normal for ancient human populatiorentrast, the upper
cemetenyocation shown in bluen Figure 1has fewedeaths after birtthan would be
expected in a normal populatidout the death rate of later childho@&d20 years of age)
remains highTherate climls in the 15 to 20 gar age group, when death ragBsuldbe &

their lowest.The adult ratef deathafter 20 yars continugto increase as expectdihis is

an abnormal age distribution witllarge number of deaths between 5 ande&fry of age

when theyshould be the lowesthe average age of dedtir all 154 people studied from the
SouthTombsCemeteryis 22 years.The average age of death of the 88 people who survived
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to adulthoods 32 years. Adult women lived to an average age of &ass if they lived
beyond 18 ars. Men reaching adulthood otilyed to be 30 garsof age

The uniqueness of the Amarna demograpduy be most clearlyeen when compared
to otherEgyptian skeletal sampleshown inFigure 2 The mortalityprofile of Amarna,
shown in red, is@mpared to New Kingdom burials from Tombos (Nubia), Memphis,
Qurneh Shellal, and the Scandinavian Joint Expedi{®dE)(data from Buzon 2004With
the exception ofhe birth to five par categorywhere few infants were found at the other
sites, Amara looks most different during the ages from 5 to @@rgof age where Amarna
has a much higher mortalitate.Keeping in mind that all groups of people usualyve their
lowest mortalitybetween the ages of 15 and 2@sof age Amarna stands out th a very
high death rate during theriod This clearlyindicates the living conditions were poor at
Amarna, resulting in premature deaths of mgmyng peoplepossiblydue to disease and
poor nutrition.

Adult stature is calculated using a formula designed specifitmligncient Eggtians
(Raxter et al. 2008)he average male stature of all South Tombs Cemsketgtons is
163cm (%4"), while the female mean is 153cmQ¥%. Excavation of the upp&emetery
locationof the cemeteryias continued for fourgars and has a much larger sample Jike.
mean male heigldt the upper cemetelycationis 163 m, while that of the males fromeh
lower cemeterylocationis shorter at 161cnT.he female average from the uppemetery
locationis 154cm, while those from the lowegmeterylocationaverage onlyl51cm.The
sample size for the loweemeterylocationis verysmall so no significane can be attributed
to the differencgat this time

Mean maximum femur lengths have been publisheddkyzewski (2003) for
Egyptian skeletal collections dating from the Prealstic to the Middle Kingdopand these
have been converted to heights for cangpn with AmarnaStature in Eggt has followed a
consistent trend of increasing heights for both males and females from the BRdaadrto
the EarlyDynastic as agiculture became more efficiethen, staturéegan tadecrease
from the EarlyDynastic through the Old Kingdomto the Middle Kingdom as the
centralizedstatematuredFigure 3) The Amarna heights are compared with these data and
trends.Because the samples from Amarna (adult individuals with secure sex determination
and completedmora) are still few in numbgthe outliersvere removedbefore determining
the average hghts used in this comparisddoth the adult male height of 162cm and female
height of 153cnirom the South Tombs Cemeteayy Amarnaare similar tcheights inthe
Middle Kingdom.

This comparison prompts the question of whether life during the AnRenad was
conducive to healthghildhoodand good overall growttin anattempto answer this
guestionwe can divide the adult population into those older tharedBsat deatrandthose
who would have grown up before the AmaReiod and those gunger than 35yho could
have completed all @ome of their growth just before and during the Am&eréod. Mean
height for the males who grew up before the Amarna@&evas 165cm, while the mean
height for the males who grew up during the Amarna Period was 162cmalds experience
a smilar decline of 3cm, from 1% for those aler than 35 gars of age to 151cfor
younger adult female¥hese results tentativeuggest that childhood nutrition and hiea
declined during the AmarnaeRod.
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Dental development is the standard method for the determination of juvenile age as it
is least sensitive tdisease, malnutrition, aradher stressorsvhichtogether reducaltimate
adult statureThe difference between biological age (derived from dental development
standards) and long bone lengtlelds keyinformation about nutrition, gwth and
development, and overall health @fung individuals\WWhen compared to standard growth
curvesfrom modern, wetlhourished, healthgopulations (Maresh T9), it is clear thathe
juveniles atAmarna were not developing at a normal réiféen copled with the
pathological analsis of the skeletal material, it is apparent these juveniles were in fact
affected bydisease, malnutrition, and maather environmental stressors, which led to an
overall stunted juvenile population and relativelgh ocairrence of juvenile deatffhose
individuals surviving to adulthood had short statures, resulting from these hardships during
the growth periodThe growth chart of the fem(Figure 4)shows the Amarna juveniles
below the standard curvand supports positive association between poor juvenile health
and nutrition and short adult stature.

There is other evidence of childhood stress at Am&@ahcienciesin certain
nutrients, like iron, Vitamin Cand VitaminD, can leave vergpecific markers in the form of
porosities (small holes) on the skullil@a orbitalia, fields of small andgsuallyuniform
pinholes in the ey orbits is one such conditiofFigure 5).Sixty-onepercenbof the 36
juvenile skullsobserved exhibit cribra orbitalidpcumenig dietarydeficiencies and
childhood diseasesuch as diarrhe&dult skulls exhibit the healed lesigneflecting their
experience with childhood nutritional deficien®f the 73 complete adult skulidserved
25%displaycribra orbitaliaThe total prevalencef cribra orbitaliaat Amarna is 31%.

Grooves on teettknown as ramel hyoplasiaare the result of childhood disease
suffered undeconditions of poor nutritionKigure 6).Fifty-eight percent of the adult
individuals at Amarna had at least ong@abplasialn other words, over half the adults at
Amarna sufferedandsurvived at least one serious incident of childhdisgéase during a
time of undemutrition.

The adults at Amarna also experienspthal stressSchmorl’s nodes are a depression
in the bodyof a vertebra that fills with hard, dense boRieese result from extreme
compressive force to the vertebral colyraach as those that might occur while ciaugy
heavyload,which ruptures the fluid filled sacs between the vertefdrais. fluid can damage
the vertebrae, resulting in the formation of a Schmorl's nedey-nine percent of the
individuals analged from Amarna had Schmorl’s nodes, which indicates that the population
as a whole experienced a great deal of back strain throughouiviee

Of the individuals recovered from batemeterylocationsof the Amarna South
Tombs Cemetery31, or 20%had relativelycomplete dentitions, with both upper and lower
jaws, and most teetlseventyonepercenof all dental arcades observgidowed some form
of misaligned, rotated, or crowded te€fhese individuals could have used the services of an
orthodontst had theyived today This crowding is clearlgaused byleficient growth of the
lower jaw (the mandible)lhis is consistent with the deficient growth disgdyn the long
bonesIn Figure 8below, the mandible on the left shows all teeth propaigned, while the
front teeth on the right are crowded.

Dental health was examined at Amarhbere were 29 children under 18ays of age
who had sufficient teeth for examinatiddnly two of these showedental decayThere were
107 sets of adult teeth, and 38% had one or more cases ofadeslagwn in Figure.Jhis is
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a verylow rateof decayfor an agricultural populatiomnfection of the dental pulp
(abscesses) that eventuaksult in tooth los was found in 30% of the moutisat 75% of
these also had tooth decayyggests that decayas he primarycause of abscess and
ultimatelytooth loss.

A paleopatholgical surveyof all skeletons demonstrates that the majmitgkeletal
lesions at Amarna resulted from hard work and accid&htsspine exhibited the most
fractures, with 3% of the males, and 38% of the females exhibiting at least one healed
fracturefor a total incidence of 28% he lower arm (ulna) was fractured in 13% of the males
and 19% of the females for a total incidence of 1A%hritis was found in 44% of the
females and 56% of the males for a total of 48% with degenerative joint disease.

Conclusions

Thelarge, experienced team of th@09 analgis seasone-examinedhe entire
skeletal sample from the Amarna South Tombs Cemd#ageover, the teame-associate
legs, arms, mandibles, and ski¥dich had been scattered apcient gave robberswith
their original ownersThe demographgontinues to show an excess of deaths between the
ages of 5 and 20ears, when mortalitghould be lowestnterestingly the lowercemetery
location with its much smaller sample size, degfs a ormal demographic curwsith low
mortality between 5 and 20=@rs.The high juvenile mortalitghown in the upperemetery
locationstronglysuggests the presence of epidemic disease.

Poor nutrition at Amarna is demonstrated through a number of eatiemes.
Nutritional deficiencies of vitamins and protein are evidenceldifgly rates of cribra
orbitalia, enamel hyoplasiassubnormal long bone growth rates, and short adult statures.
That adults who experienced growth before the AmBeanend are dller than those who grew
up during the AmarnReriod suggests childhood nutrition declined over time.

Life at Amarna was phsrcally demandingThe high frequencgf spinal injuries and
arm fractures suggests accidentslevorking with heavyloads.The high rate of
degenerative joint disease indicates regular hard work.

Future excavations in additional sections of the cemeten}d greatlycontribute to
the reconstruction of the events that occurred at Amarna.
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Demography of South Tombs Cemetery by Section
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Figure 1: Graph showing the demography of the South Tombs Cemetery individuals.
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Figure 2: Graph showing the demography of the South Tombs Cemetery compared with other Egyptian

Samples.
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Fig

ure 3: South Tombs Cemetery stature shown with comparative sasmples' stature.

60

500

oS
o
o

Bog

FEMUR_LENGTH

Key

O Amarna
> Amarna Female Aver

10 . — Amarna Male Averag

/A Maresh Females

| | V' Maresh Males

10 20 30
AVERAGE AGE

Figure 4: Comparison of Amarna versus un-stunted juvenile femoral growth.
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Figure 5: Photograph showing skeletal lesionsin left eye orbit left by cribra orbitalia.

Figure 6: Photograph of mandible displaying enamel hypoplasia.
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Figure 7: Photograph of lumbar vertebra displaying Schmorl’ s nodes.

Figure 8: Photograph of two mandibles displaying normal tooth alignment (right) and crowding (left).

Figure 9: Photograph of mandible with tooth decay and antemortem loss of teeth.



