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American Anthropological Association,

Frimary cesual characteriatics arc usunlly absent in the
archasalogical record.  The recovered secondary ses marlers in
bane morphology or mor buary contest reflect the Jifelong
tnlegrated boeullin Al ewpacrronce of the ondividual man or
sonan.  [nternal patlorns ol variabilily within and between
seues can be recognized hul oo e too frequently masl ed by
trodtitbponal alesa vapbicn el vorvar tate analysas. o bunalely,
A more detailed picture of lTile swparience is gained by
analyzing rhemical cramposibion Cisotopic and element. )
tisours using an analytisal adliropology approach anc by
examining the variation in novel ways.

nf hard

For example, men and women from an AD 14th cen!
farming village Aare indistinguishable in their centy.
tendencies for stable carhon isotope distribution, ©
dispersion of the spwes ia quite distinct, revealing
patterns of distriboalivn of the same fonds.  Univar i
bivariate studies of elepents such as strentium or o dr
aluminmm cannat diskinguish speocies among the herbuve
separate mpn from women,  Using the combined psotopi
multiclement, and multivariate analysis roveals thal,
gronip sbrongly apark from men and Bhat women are mearse
olbhor as @ gronp than men are as A groap. Carvonsly,
closely denbified eoologic ally with the animal spec

ry

't the

li fferent
@ ar
noand

RS nur

TG IR
like i h
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reatest cultural signi Ficancae.

Within-swinty patterna of qou difiorential ree aree
procieement and use have also been identitied by bate aboryg in
hev diachronic studies of coudthern Canada sccnemis o hoage,

rape aaod A ol biolement analyses Lo o debprmine sewno
coprothe bove pattorng among women in Medipwval Dormony

.Wl“) soparabo o ogoi Lo vl owomen i Lhe archa doge al

vov s e can heain ool cieeval tbve questroms ol LE e red e
1 e Lol ey adabion,
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FIGURE 1

(rdinarily, sex in recagrdized by Lhe poesence o absenee of a Y
chromoaseme vr by vdenti fying Lhe vosal bing (oimary morpliodoginal  sex
characteraisbbos aswralod with rep o oducbaon (Lhe 1nternal and external
genitalia and organs). But, ordinarily these identifiers are not praserved
in the archaeclogical record. However, one rcan rezover from the
archaeological record the secondary sey markers of the skeletal morphalogy
or of the mortuary context, Whether physical or cultural, distinctions
based an secondary sex rcharacteristics are enhanced as the result of
puberty. The archaealagical record is therefare must often concerned with
adult bioclagical and cultural sex roles.

The spsc marlers of the cochaoological resowd pefle bt L felong
integrated biccultural exporinnie af the individual man wr woan.
Consequently, 1nkernal patternc of variahilil,, wilhin o betweon sewes,
are frequently masted by bho usual doscripbive or anivarjate analyszes. A
move detailed picture of life evwperience is gained by analyring chemical
composi bion Cisabopic and aleaental) of hard tissues amnd evaluating the
patterns of chemical variation within an anthropological context that
integrates biological, archaenlogical, and ecological perspectives. We'll
se@ how such an anulytical anthropology approach and 1ts results might be
used with a rase study from North America.

one samples Hom 54 adullys were exsamined for stable carbon isotopic
ahundance in collabaration with Lthe University of Massachusetts, Baylor
College of Medicine, and the University of Arizona. Nine middle-aged
individuals were also examined for 14 additional elements in a pilot study.
The adults all came from a single community in the US Middle West
aconomically based on subsistence farming, Lultivated ivnedds inciuded
maize, stuash, and beans supplemented by gathered fruits, greeas, and yame
anfmals such as doesr and antelope, vablhit, and water fowl, Cuiturally,
bisan were Lthe must ampion tant animal resoorce. Villgers number ed
approvimatoly 500, and shared the same living enviroament andd
archaeswlugial history, FIGURE 2 Thiv afivrds a rare apporbunily
o onamine natural lovels of chomicol, Dielogical, amd diobay vartalioom
Among moder o humang with oombreed aver geneboo, environmenlol, goe 1o
Copamio, o chrenpdogioal o vartables,

Farbuon duatope analyars can beowasd becgronp plants into two diaboae t
clvens of human foods Mosk Teafy vogelabloa, Lypos, bgbor and eonl cpops
ke patatres, and ot corsals ginh an wheal and cico e o lagst fiod as
Ca-tile funadan "Warm- woather ™ arasoes b oo mad 2o o s aqhum, A1 o
rlasutfoed s by Dibe fuedds The plant foaad qronpe e canbop ally
dnbam ool o v e anemad "o L natess whpn sl b ing say ones o Lhie ok hor
gromp aloplant e, FIGURE: O Bk homans Pond Voo vae Tibo o vend
Mary doneavidbrabtos, whoo with b hlands pal Ledd, el 1y o hedpings of voan,
Lwe Badand pob a0 1y brovady, waol o Trbtilo 1 anh,

RUMOVE T IGURE,

Fowvmrcann diel, Iet abonn seay from caenh o nabir sl wer iy o
fewmtdable bud o bo e paaful, Stable vaadopes abnndate 00 dee cel vhuge
aftor death. O v ewareh has demanstr ated Lthal pura fled samplen of bone
protein from archagoalogical popul ations have the same featopn value as the
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tissue when living. A true picture of the food patterns can be interpreted
for the once living populalion from an analysis of human, plant, and animal
tiscues.

In an earlier study, we analyzed 17 women and 15 men (as well as
antelope, bhison, dag, and maize) for stable carbon isntopic compasition.
We found statistically significant differences hetween the sexes in average
composition and in the variability in composition, FIGURE 4
However, when an additicnal 19 adults were analycaed, increased variability
among the men overwhelmed the statistical diffeyences,

While carbon values for men and women cluster identically, individual
values are distributed 1n quite different patterns hetween men and women.
It is pussible that variability of carbon isotope values is physinlogically
reclricted among women but ot among men.  Among the published studies
which listed sex as well as isotope value, we could detect no dif ferences
between average diets of men and women in populations with a maize diet
base. In a control group of Hopewell Ca-eaters (nan-maize diet), men and
women are statistically different in average isotope values, but here it is
the women who are more variable than the men.

A more likely explanation for sev-differentiated food patterns in
this group of farmers is basod upan access to Lhe Twenu’” of available
foode, Ay woman is more lilke another in her isotope value. This is not
true among men.  Any individual man seems to have mae restriction an his
chiaice of meal components.  Consequently, any one woman is more
representative of the entire social group than is any man. We find the
women! s diets averall tend Lewards mere meat and leas 75 vegetal fosds than
the men’s. Terhaps women prepared the meals which wondd allow tasting of
thems that might then be diotvibuted ditfevrently belweon wonen and men as
ronsumerrs. Bul Yhen, again, there are Lhose leftovers. ...

FIGURE 5

To fun bher esplore the association of sew and dieb with chomical
Lracera, we analyzed Five af the women and fouar of the men for 14 elements,
inctuding steemtaam and cabviom, wfben ased tooapportoon vogotahlo foods in
prehistor e drets. A brason and three anteline were alan analysed hut Lheir
sew oot ol b detacminod meaphedogioally,

The ot vanbupe valoes tdenbi fy three o lasaes of dieln: bison,
antalvpe, and buman,  The hisen deet had abeel 20% more of bhe Dy ograsses
Lhan the anlbelope diel, Thig wcords woll wilh what s bnown of foeding
coadogies of contemporary Flains antelope and hiwn,  The humane in Lhe
priot study samplo were getting approsimately 00% of their carbea from
maicn and anolher 204 from moal (the aforementioned hiaon and antelepe) and
ubher plant feeds, This diet pattern compares teo Che contomporary Amer Lean
pattern which hag 1590 of Lhe varbon der Dvedd divectly from madco and
sngarcane and PR devived indoectly from Cooen fed” meal, eoga, and dairy
prodhe Lo,

FIGURE:

Mene of the elomenty v omld corres L1y clasai fv bho Ehrne ma iere foodi nn
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individual zases were incorrestly placed. 0Only the average herbivore could
be distinguished from the average human onoa sinale-clement basis. Mo
e2ianple, Lhe strontiom data indicated the bison was eating as much meat as
the humans. 1The rabio of stronliuam to calcium identified twas humans as
more herbivorous than all but 1 oantelope.  Womer and men could not be
recognized.  These are disappointing results from the wsual model of
palevdietary research which examines variables in isolation of their
anthrepological and ecalogical contexte,

The nost significant element iifferences between humans and
herbivores vere zins and three measures known to corvelate with protein
prezarvation. 7inc, manganesc, ond iran do separate the herbivore -lass
from the amnivere clase,  Tine wontent is 1 and 374 times higher in humans
thar in the herbivores. The manganese and iron content of the humans is
nearly 30 times greater than that of the herbivares., If on this basis you
wish Lo apparbtion meat bolween the diets of men and women, please nate that
the men are higher 1n manganese Lut lower in irvon than women.

Even cansidering all the elomental data (but not the isatope value)
in a miltivariate analysis, men and women can only he recognized when the
elemental data are corrected for slighl differences in bone develspment
hetwesn Lhe four clansey of antmals,  The herbivores were segregated as a
class bub still Lhe different diets of the Lison and antelope could not be
detectar,

FIGURE 7

A sati-ifac boey dhiacrimination of al? foor classe s cbhtajned anly
whien the cavbon toetepre value 14 combined will Dhe oloment 1l valueon. The
st D-ovarrablo madel of discrimisacion is the carboo sebepo and the
alements nibvogen and mafiBsium. These represent in order of prwer
functions of chet, hurial, and zm,

Meverthereee, vhie greater b number of vartabler esamined, e
qroater Lhe separabtion of the sow and diotary classes.  When the entire
multinuclide series is wsed, the i-otope value, veprocseating diet, accounts
foar U5 vf B var tailiby among Lhe individuals.  Thoe clement nitrogen
wremmtes Foroanather 0%, Ao Dal'loy painted vty natreon cantent 05 a
measure of omoatein proservation o Samples depositod insediately into
garvane pi b Sl antcloped van be soparabod frem 11 Looreal of Lhe
Sampl oa thunan and Litwend whiee h had hoon osposod L Uhe o priore Lo
hurtale  Th o ohirdd he noted toom oan Leats Lhal the cualtoral difforencos an
bhurial abt this sibte doonat contaminate the hene samplos for purpeses of o
analyaic,  Hewever o Lhisa may nod bo bioe of obhes populcbion,,

The nest foan ctoment s reproconbaing physiobogioal and additicnad
thietary faobon s acecant for 30% of the difforence hetween all four ¢ Lasnos
of animato and man o Moo of the meac e ae e con ool wilh oo o oobher
WIth Ve cooepbion of the sevenll, Whe otement carbion whioh acoomtbo for
Poows than 10 ol Ve vy aba 1t

FIGURE 0

Yher vl slhem v a b bl wi - ' .
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canonical variable is principally a dietary and preservation variable. As
expected, the isatope value ctronoly identifies the three major patterns of
Ca plant abilicabuon, antelope (the least), braon, and human cdireclly as
maize and indirectly as mesti. The elements nitrogen and carbon act Lo
griouap the antelope separately as a consequence of thelr burial
circumstances,

MaCiBsium arts to separate the women very slightly fuirth or and to
reinforce the antelope isclation. We cannot exclude a weal preservation
factuor that way 1solate the antelope.  But nolice that 1 the Z-variable
model natMBzium also had a cen recognition function.,  Why this is 'so cannat
h2 explained simply hy recourse to dietary input, levels of estrogen, or
any other single cadsv:,  Foods rich in maGiBsiom include cereals, which
wottldh tend to weparabe the antelope Hrom the bison and humans.  MaGiBsiuvm is
alsa a mapor constibuent of hone and sub ject Lo hoemonal rogulation., The
wonen deviate bwice ac clvangly as bhe wen do from the etandardized average
value,

TURN FIGURE SIDEWAYS

It is the second canocnical variahle, based primarily on the strength
of Lhe MMganese content, which clearly and strongly groups the women
separately from the men. In a prelirinary study of hair from a wild baboon
prpulation, we were able to discriminate males from females on the basis of
HMganese, zinc, and matEBsium. Yet KMganese content alune fails to
distinguish among these farmers. Mant foods are given in the trace
element diet literature as the richest source of di=stary Kilganese yet the
lowest values are omong the herbivores. Curiously, the antelope is
intermediate between mon and women. Tt is the bison whicn is most closely
vdentified with these Flains women in bath dimensions.

Sally, the slate of basic anthropologusal and “linic al research into
fundamental human variation in chemical composition is inadequate U decide
how much af the canonical variabl . demonstrates distinctions of physiology,
primacily se4, and how much demsnstrates the cultural recognition of sexud
differences, thalt ia, gender, 1n fosd disteribution,

END VIEWGRAPHS

Intornal patterns of diat and sex varitability have hoon tsolaled n
ctudves from Canadian ane Gevpan v escare her s,

Ao Pateenber g awamined sl binus b de variabion drachronically among
soutbiern Onbavee populationg She nolted o vhange on substalence patberng
from o aeneralesl o subersten o eomomy booone frcusing an mats e cultivaton,
Avrhiaenlogiotg have nanal ly assumed that Lhis economin shifb requires a
dicrease s honbing aebivitios and meat consampt ions Fatzenborg instead
demontte abe ao hange within the dietary pattlerng.  Falther than a decreasod
tpor banre ot mealy Lheve io o shi ft within Lthe vaviety of plant fosdsg
constimed . Patzonboerg recoani den a change in Lhoe subsistenn e activitios of
hddbes b ade HeodTand Wy, frome an emphaaia on gathey vng fooone an grawing
fowady while the taaks of men vhange Littleo  Hor demonstrabion is pﬁﬁﬁihlﬂ-
enly hecanse of hey veader poespoe bive and uee of an inlogy aled
mulliv cmponent shudy, )
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In an equally innnvative, cross-sectional study of a Medieval German
papulaticon, Gosela Frupe examined multinuelide varial . on By contralling
for dietary factivs, Grupe was able to recognize the | aysiological state of
women and could begin to assess the biological and cultural factors
affecting thal status, The strontium/calcium ratios of women indicate a
reprocductive periad in this particular population tha! was nearly identical
to the physinlogical span of fertility, from late juveaile age to about age
0. Zine composition of women, commonly depleted in ) egnancy and
lactation, was also Lower for individuals 1n this age span.  But, weaning
woourred before age two, earlier than historical recaor '= had suggested.

Cestprehensive and creative analytical anthropalary studies can assist
in identifying the biological and cultural experiences of women in the
archaealngilcal record.  fTarbon isolope values are thue ' est single
digcriminator of diet, demunstrated in the biogecchemi al sense as well as
in the statistical sphere.  Whon properly prepared, sa'ples are not
affected by contamination nor by the quality of shelet.l preservation.
Dietary palterns account for ahout 80% of the signal f o .un isotope markers;
physielogional patterns, such as age and health status rthin individuals
are responsible for most of the rest of the signal.

Ferauge the elemental analysis should be of the 'atal bone tissue
(mineral as well aq protein) all elements have at leoas' a weal assaciation
with preservatinn. Only a multielement analysis can o atral for these,
For ewample, calcium and phosphorus clignal bope structe al integrity in
rlinical and archaenlogical populations. Elemental abudances of carbon,
nitrogen, and hydeogen are rolated primarily to protete and lipid content

MANGancoe o v hady has a wlbronger ses faclor taan diel while
MAGNESTn L o stronger et Tacrtor. We o cannot Lol B stech sewnal factors
are hased onomelabaloe and physiological contsequences © primary sos
differencas or an the physiological and cultural differ nces of gonder,

Dur results presented here, although from a amall wbicdy, are well
caontrol Ted amd give goad directoon for cvlondod shudy. Wi th separate
rizcoamiicn of women in the archaeslogical record one oon begin ta asl
Pnncvative questiong of their rale i soeral evadabpon,



Recognition of Dliet and Sex by S ngle Vvarlables

Herblvore vs Omnilvore
mos t S3>»C = 2 .24 * 10 —7
signlficant
C H N zn
S r P e
Na MnNn
least Mg =] 0.02

signiliflcant

women vs Men ‘ t? Q}
L~

NONE
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That evening, with her blinds pulied, Mary
had three helpings of corn, two baked
potatoes, extra bread and a little lamb.




