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aE_s_r&Ael

The plecision and acctrrac-l' of 17 peivic and 17 craniai features

comnonll' trsed to assess adr.rlt skeletal ses and three sl"stems of adtiit

peir,'i.c age est,imation \rere tested on a samirle of 278 individuals front the

19th centur'1 St. Thomas' Anglican Llhr,rrch Cemeter';' in Belleville' Ontario.

Docr-lmentation irt the form of parish b'rrial, nrarriage and baptismai recoi'js

exists for th.: entire cemeter-v, br,rt onl-v fift.v-five indiviciuals over 17 1-ears

of age are personail.u* identified.

Both the pelvic anci cranial methods of morphological sex

determination produce se-r ratios indistinguishable from the docuntented

ratio. On an indl',-idtrel basis, the precision anci accttra(-ry of 11-11- peh-ic

approach is sulrerior tc that of the cl'anial approach. The ntost reiiable

and accurat.e 1>elvic results mrr-v be obtained from an e-ramination oi the

foilowing six criteria: ventral arc, obt,urirtor foranten, true pelwis shape,

sacr.r'nr shape, subptrbic concarrity and pubis shape. The follor^'ing eight

cranial critel'ia prodlrced the least anlorlrrt of intraobserver error and the

gleatest deglees of accrii'ac1-: strprirorbit.li ridges, mastoid sizt:, malar si.ze

and shape, occipitai markings, chin for-m, general size, z;'gomatlc root

e:itension and mandible shape.

Three f eiilirres. posterior vie"., of the secrllm, z-vgomiltic root

extension and occipital mlrscle markings, exhibit increased accttracl- r.'-ith

age. There is no age-r'elated affect cn accurac--,' 'tvhen the complete trait

lists iere enrplo-ved. Pelr'ic assesnents appear tc be biased in fa-"-our of

ltl



n'iales rt'hiie cranial assessments seem biased in far.our of fearales,

Of the Pher:.ice (1969) criter:ia, Lhe wentral alc is the sjnqie most

r.tsefttl trait eshibiting both hjgh plecision (0,"/" intraobser-,'er erl'or) and

high accurac-v (86.9%). The subpubic concavity ranlied second and the

ischiopr-rbic ra.mus last.

None of t.ile age technicl tres exaninecl in tiris investigalion irre plt-cise

and accr,trate enollgir tc be emi>lo:-e.i ex,:lrrsive of other systems. l{hen bolh

plr:cisi.on irnd acctlt'ac.-r- are titl.:i--:i lnio acr.lollnt! tlie ar.tl-icr,ilill siilfirce-

techni,llte of estinratin4 siieiecal ag.'-at-death pi'oduces the best results for

inciividiral cirses. One nii-ljor probl.:m rvith this methoC is its tenciencl- to

overage inclividua"is less than -lC l-ears ani r-rnderaqe individuals gl'ea[el'

ttran 4() y-ears.

The accttracies of' the Suchel' nretirods ai'e acceptabie rnainlp- becilr.lse

of the r,vide agie fanges covered bs each p,hase. The estimates proticieci bp-

tltese methods are too br-oad to be r,iseftri in indi-,-it]ga1 cases. liiren trseC

to proCr-tce an age profiie tlre Suche.'t sl,-stems (lvith the Jackes [1985]

distribution method) are better lhan the .luricular srlrface method. The

pattern is slightiy distorted b;; problems associated u-ith phases III (2), IV

(1) anr'l I\;,
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A_HAPTEB--ANE
1,O INTRODUCTION

A funCamental part, of any skeletal analysis, wnether

archaeolog'ical or forensic, is the estimation of age and

determination of the sex of the individual or individuals'in
question. Numerous methods for obtaining these data currently

exist and rev'isions to established techniques as well as the

introduction of new procedures are commonplace in the

anthropol og i cal I 'i terature ( f or sex def ermi nati on see: Acsad i

and Nemeskeri, 1970; Giles and Elliot, 1963; Keen, 1950;

Kel ley, 1979; Phenice, 1969; Richman et 3.j., 1979; Sf. Hoyme,

1984; Singh and Potturi, 1978; Stewart, 1952; Washburn, 1948;

Workshop of European Anthropoiogists, 1980; for age estimation

see: Acsdd'i and Nemeskeri , 1970; Gi I bert and McKern, 1972:

Jackes, 1985: KaLz and Suchey, 1989; Loveioy, Metndl,

Mensforth and Barton, 1985; Lovejoy, Meindl, Pryzbeck, and

Mensf orth, 1 985; Stewart, 1957 ; Suchey, Brooks and Katz, '1988;

Todd, 1 920; Workshop of European Anthropologists, 1 980 ).

Equally important are studies which focus upon the accuracY,

bias, subjectivity and conseguently, the appl icabi I ity of

lhese improvements and new approaches to samples outside the

reference population (Ancierson, 1990; Bedforo et dl ., 1989;

Brooks and Suchey, 1 990; Budi noff and Tague, 1 990; Gt I bert,



I

1972; Henke , 1977 ; Kajanoja, 1 966; Kel ley, I 978; Lanphear,

1989; Lovel I , 1989; Maclaughl i n and Bruce, '1990; Mei ndl ,

Lovejoy, Mensf orth and Carl os, 1985; Murray and Murray, '1991 
;

Sutherl and and Suchey, 1qq,. 1447. We'r ss,

Unfortunateiy, research of this type requ'i res large skeletal

samples contarning inciivrduals of known sex anC age. Such

samples are rare.

In 1989, lhe consult'ing f irm Northeastern Archaeo'logicai

Assocrates, under the direction of Dr. Heather McKillop, was

employed by St. Thomas' Angl ican Church in Bel levi l'le,
Ontario, to relocate the obsolete cemetery on the church

premises. The nurnber of burials was estimaied to be somewhere

between 60 and 80. Thus, Northeastern undertook what was

expected to be a relatively smal I operat'ion. Instead, t,hey

became involved in one of the largest historic period cemetery

excavations in North America.

removed (McK'i llop et dl., 1989).

In total , 51 9 graves were

Although most of the tombstones at the cemetery had been

rejocated or damaged over the past one hundred years, it was

sti I I pcssible to identify individuals in approximateiy 15% of

the excavat,ed burials due to legible coffin nameplates, It
was then possible to link the nameplates to the St. Thomas'

parish registers which contain records, kept by each rector,

of the number of i nterm'ents i n the cemetery. The resul t of

this process is a subsample of 55 adult ind'ividuals of known

sex and/or age.
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Dr. Shelley Saunders of McMaster University was contacted

by Northeastern and was asked to concjuct an anaiysis of the

skeletal material. Under her supervision, valious graouate

students and researchers from McMaster and other univers'it,ies
worked t,ogether to recover as much 'inf cFmE-ui on ' abouc the

skeletal sample as was possible during the one year period in
wh'ich the marerial remained avai jable for stuciy before

reburial. r was asked to conduct sex determinations ano age

estimaticns through morphoiogical examinations of all of the

adult skelet,ons.

"Adult" was def ined as ind'ividuals 17 years and olcer and

adult status was skelet,aliy determined through an examjnation

of epiphyseal closure. rn order Eo be class'ified adu'lt. the

ischium, ilium and pubis had to be completely fused and fusion
of t,he ep'iphyses of the femur, t'ibia and f ibula must, have been

'initiated (Krogman and Tgcan, 1986). Analysis of the adult
materral was conducted separately from subadult ana'l ysis

because met-hods which apply to one frequently do not apply to
t,he other.

The pu rpcse cf th i s i nvest i gat i on was to cete rm.i ne

whethe r sex est i mat i ons obtar ned th rough morpho'iog i cai

exam'rnat'rons of the peivis and skul I are signif icant,ly
different frcm the actual sex cf the individuals as recordec
'rn the parish records. rn acidition, this analysis exam.ined

whether there rs a signifrcant difference between rnree
methods used to estimate adult age at deaih and t,he aciual



documented age at death.

The technrques unoer consrderatron include the Sucney,

Brooks and Katz ( 1988 ) anci Suchey-i.atz ( 1986 ; wi th 1 987

refinements) pubic symphyseal face system, and the auricular

surface method (Lovejoy et al ., 1985). These techn'iques were

chosen based on thei r ai leged ease of appl ication anc

likel jhood of being emplo)/ed by other researchers as well as

for their professed accuracy.

Once r t was establ 'ished that the i nf crmari on i n tne

par i sh reg i sters was accu rate , boih general anC spec'if ic

comparisons were made between the results of the skelef;al

anal yses and the par- i sh bur j al records . The sex anC age

prof i les generat,ed f rom the pari sh regi ster cjata were comparecj

to the sex and age distlibut,ions produced from the skeletal

material in an effort to jdent.ify significant patterns cf

differences which would indicate that t,he methodojogies uncer

cons i de r^at'j on we re i nadequate . The sex ancj age est i mat, i ons of

the 55 perscna'1 1y i denti f ied acjul ts were compared ro the

actual sexes ani ages in order to evaluafe the levels cf

inaccuracy and bias cf each method.

The nature of the St. Thomas' skeletal samcle sets this

investigation aparL from other studies whicn have focusec

on the accuraey and reliab'i lity of pel.zic and skurll

macrcscopic methcds of determtning sex or on the accuracy and

b i as of age est i,nat r on techn i ques. Much of the reseai ch i n

this area has been conducted on autopsy material (sutherjani
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and Suchey, '1 987), medical school cadavers (Love11, jg8g),

undocumenfed archaeological col lections (Flei 1ey, jgTg) and

large dissection room samples such as the Terry (Murray and

Murray, 1991), Grant (Becjford et al ., 1989) and ltamann-Todo

(Meindi et a]., 1985; Lovejoy et al., t9e5) collections. The

problem witn archaeological maf;erial is clear: t,he sex and age

of the 'ind i v i dual s are general I y uniincwn . Whi le such

informafion is avaiIable for dissecting room coi'lecfion-s,

these samp'les are genera'l iy biased in favour of inc'ividuals

with below average socioeconomic status and, consequen-ui y,

inadequate diet and below average health (Si,. Hoyme anci fgcan,
I AAO )

Researche rs who emp'l oy d'i ssect'i on room samp I es to Ceve I cp

new techniques could easily mistake the results of povert,y for

normal varration due to sex (ibio) and age. Testing !hese

techniques upon srmi lariy affect,ed col lections wou'ld simply

re-enf orce such mi sconcept'ions. in order to re'l r acl y Eest

these methodo'log'ies, it'is necessary to emplcy material free

of these biases. rdeai iy, one should examine a la.ge skeleLar

sample of formerly healthy indiviouals, fcr whom documentec

sex and age are available. Since most samples are plagueo by

some -uype of b i as , the next best approach i s to test the

avai lable techn jques on a wide variety of samp'les f rcm orverse

backg rounds .

The St. Thomas' ceme'Lery sir.e'is particularl y imporfant

since it, is the iargest archaeolog'ically excavated historic
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cemetery sample in North America. In addjtion, the existence
of partsh records, newspaper obituaries, census data ani
Coun+"y Di rectorles makes this samp'le invaluable (Saunoers et
?1., 1991). To date, there are few exampies of the use of
histolic cemetery material as a means to test skeletally
derived sex anc age (see Maclaughl in and Bruce, .l ggo;

Lanpnear, 1989 ) . Thus the Si. Thornas' cemetery si t,e has

prcv'ided the opportunity for a relaiive'1y unique approach to
testing methods of determining sex ano estimating age from the
human skeleton.



CHAPTER TWC'

?.0 rHE SAMPLE ANp lIs_AEgAAfAI-Ep
DgtuuENIAr iaN

2.1 SITE LCCATION AND BACKGROUND

The St . Thomas' cemef ery 'is I ocated on the nor^ih s i oe of

t,he St. Thomas' Angl ican Church, situated at the corner- cf

BriCge and Church streets in Bel levi I le, Orrtario. The ciry

itself is located midway between Toronto and Mont,real on the

norfh shore of the Bay of Quinre (Mika and Mika, 1986).

Belleville's beginnings dat,e back tc the 178C's when Asa

Wal lbrrdge consLructed a log cabin on the banks of ."he Mor ra

H I Vei-. By 1789 approxrmately 50 United Empire Lcyal isl

f amt I tes had arrived anci f ormed the f i rst oernnanent oioneer

sett,lement at the preseni day site of Belleville. Natrve

peoples, including Cayugas, Mississagas, and Mohawks had been

establjshed in this region for some time prior to the arrival

of the Lo;ralist,s (Boyce, 1gg.l ).

Original ly known as Thurlow Vi 11age, the t,,-wn's name was

off icial ly changed t.o Eel levi I le in i8,16 fol lowing a visir oy

Lieutenant-Governor Gore and his wife Anna Bel la. The

popula+-ion af, th'is time was '150 inciividi.ials (ibid).

An 'rmportant aspec-, of early Bel levi I le was it,s rei igious

life. st,. Andrew's Presbycerian, st. Mrchael'sRornan cathc-:ic

ano st. Thcmas' Angl ican church were al I establ rshed dur^ing



I
lhe 1820's, at which time the population had risen to nearly
1000 ( ibid). The st. Thomas' parish was actual iy founded in
1818; the church was completed in 1g21; and the first burial
took place in August of that sarne year (Bellestecf, 1969;

D'iocese of Ontario Archives IDOAI series I, part 35A; Gerry

Boyce , pers . comm. ) . St. Thomas' bur.jal grouni was noc the
only esrablished cemetery in the surrounding region, but it
was usec by Methodists, presbyt,erians and others who were nor

members of the cnurch (Boyce, pers. comm. ).
By 1834, when Belleville was incorporated as a vi11age,

i t contai ned 61 3 acres of I and and was home to neari y .l 
, 700

Feople (Mika and Mika, 't 996). The 1B4o Rel igious census

reveals thar Thurlow township, one of the oldest townsnips and

one that eventualiy gave rise to the c-ity of Belleville,
housed at least 1o differ-enf rel ig.ious denominations (Bcyce,

1967). The population continued to rise, new churches were

bui I t and immi grants from the British isles, Ho1 land, France,
Germany and other countries f locked to Bel le,ri'i le (Boyce,

1991; 1967; Mika and Mika, 1996). By the .t960's the popularion

had reached 6,277 and by the 'late 1g7o's i t hao surDassec

11,000 (Mika and Mika, 19e6). On May 1, 1A74 e by_.iaw

preventrng further interments at st. Thomas' was introouceo.
From 1874 onward, st. Thomas' parishioners were bur.ied at the
Bel levi'l le municipal cemetery (Bel lestedi, 1969: Diocese cf
Ontario Archrves iDOAI series
comm.). Bellev'i lle continued

part 35A; Gerry 3oyce, pers.

expand and by 1860 its to-,_a j

r,
t,o



Y

f^
acreage was 5,937 and the population in 1g66 nad grown

^^JZ. | cJC.

The passing of
the second in 1974,

the buliaI records

current St. Thomas'

hal I 'Lo the church

contained only a mi

tne years and t,wo f i res, one i n 1976 anc

took thei r tol I on both the tombsiones and

storeo at t,he Church. Thus, when the
cong regat i on dec i ded to acjd a new par i sh

, 'lt was thought that the ouiiding site
n'rmal numoer of burials (McKi I lop ei al.

2.2 FIELD METHODS.

The excavation of the cemetery was a carefully controlled
process. once the existing tombstones had been mapoed and

movecl' a bul ldozer was employed to remove some of Ene

noncul tural overburden soi I . The locations of many of r_he

'indivioual bu-ials were establ.ished thr ough shovel-shining;
shove I test i ng d i sc I osed the rest . The I arge crew of
archaeol ogy students anc trar ned vol unteers, supei-v.r sed by Dr.
Mciii l lop, were divided inio teams. One group was responsible
for iocating buriars through shover-shining and test. p.rfirng,
while the other reccrded, measured, photographed, excavar,eo
ano conducted shovel tests to the suosor I to ensure that al I

burrals hac been removed. Due to the well-drained sandy soir
anc excellent preservation, burrars were rocateci and removed
in one day, thereby reducing any chance of accident,al mrxrng
of element-s f rom dif ferent buria js ( Ibii; Saunders et a j . .



1 991 )

Once the excavation was unCerway, jt became apparent thatthe cemetery u/as far larger than original ly ant.icipated.
Shortly after the work had begun, Gerry Boyce, a BelleviIle
historian, began to examine the parish buriar records for st.
Thomas' eL the Angfican Diocesan Archives in Kingscon. The
documents rndicat,ed that approximate.ly 1500 inCjviduals hadbeen-interred during ilre 53 year period the cemetery was in
use.

prans for the new parish har r were modif .ied so that onry
one third of the totar area berieved to contain graves had to
be excavated. consequent,iy, the parish buriar records rncrucie
t nf ormation on the ent'ire cerne tery, but the excavated skeletal
materiar is only a port'ion of the totar nunrber cf jncjividuars
buried at St. Thomas'. According to the parish register, the
595 ind.ividuals removed from 57g graves during the excavatton
represent about 40% of the total burials (Saunders et, al.,
199 i ) .

2.3 DOCUMENTATION

Since this thesjs depends upon
rnformation derrved from t,he coff in plates
'lt, was necessary to examine t,hese sources
were accurate.

The fr rsr
data on the coff

step in this
rn piat,es to

process was

that listed i

the sex and age

and burral recoros,
to ensure that they

to cross check the
n ihe parish burial
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records' This work was undertaken by historian Gerry Boyce.
Mr. Boyce examrned the nameprates, recording arr the legible
characters, then compared the namepr ate data to the
informat'ion in the parish registers. In some cases he courd
discern actuar names and ages from the coffin prates, in other
lnstances he had only 'initiars and year of buriar. The
final I ist of "identifieds" incrudes individuars of known age
and unknown sex. cases of this type resurted when age F/as Ene
only informat'ion creariy vis.ibre on the nameprace. w.i t,hout
additional information, identity could not be fi rmiy
esfablished. when only the name of t,he inciv.iduar was present
on the coffrn prate, the parisn registers were searchec untrr
the name in guestion was rocated. The assocrated age courd
then be recorded. Thus the "known" .ind.ividuars are rhose for
whom information was clearly visible on the coff in plat,e and,
i n most cases, cou r d be conf i rmed by t,he par.i sh recorcs
(Boyce, pers. comm. ).

The majority of names and ages taken from the coffins
were i n agreement w i th t-he pari sh reg i ster. There were.
however, f our names that cou I cj not be matched ( Boyce, p€r^s.
comm' ). According to the coffin prates ar domes, three of
these ind'ivrduars were mare ani one femare. Two of the
indiv'iduals died'in'rg65, one in 1g71 and, in one rnstance,
rne year of death is unknown. Unfortunately, these unristed
names suggest that the register .is incomplete, and pernaos a
sex. and age profile based on this rnformation would be a
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misrepresenta+eion of the actual ce,inetery sample. In order to
aCdress this possibrlity, the parish regist.er tvas assesseC

i:)L\*f ' \J f1L
accordi ng to Drake's ( 1 974 ) methodoloSt.

This prccess involves the deta'i leC examinat,ion of parisn

records in order to establish whether they can be considerec

complete for the purpose of analysis. The procedure js as

follows: establish that there are one huncred enrries oer

year; l ook f or obvi ous gaps i n tne regi s-uer; I cox f cr,^ other

evidence of under registration; look for evrdence that people

buried in olher churchyards were registered in the parish

records; show that, the sexes and ages in the records were not

thernse I ves est'imaf es .

1. The in'it,ial step in the evaluation of parrsh

reg t ste rs was t,o esiab I i sh that the re we i e at 'i east one

hundred entries, comprrseo of marriages, bap',tsms and buriais,
in the book per year. This figure is, in a sense, arbitrary.
its purpose r s to g'l ve the researcher a f ounCatr on f or

statistical anal)vsts. Years containing below average entries
are extremely cjifficulc Ec e.taluate. tlormal and expecteo

fiuctuations cannot be oifferent'iated from under-req'isirafion
(Drake, 1974).

Unf ortunatel y, at St,. Thcrnas' the f i rs'- twen-ry years were

marked by annual tctals falfing just short of the minimal

requirement, (Figure 1). This does not mean that- t,he parish

reccrds cannot be used, i t s i rnp I y suggests that carefu I

consideration be given to thi. purt,icular period. it, is quite
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possible that the congregation d'u st. Thomas' was relar,ively

'smal I Cur"ing the f irst trventy years anc therefore incapable of
generating one huncred entries per annum. vestry minutes are

avar'lable fcr tnis period but ihey have not yet been analyzed
( Boyce, pers. comrn. ) . By 1 840 , the s i tuat'i on had a l te reC ,

one hundred entri es or more was commonpi ace. Be I I stedt ( 1 969 )

supports the hypothes'r s that the congregati on was mtlch sma j I er
currng the first, twent.y years s:at..tng that, "eventually.

I howeve r ] the chu rch became too sma I 'l Eo accommodate ihe
congregation" (j969: g) and in .1850, a committee to cbfain
plans for a new church was formed ( ibid). For a detai led look
at the number of entrres per year o\,,er the entire fifiy,-rnree
years of the cemefery's use, see Appendix 1.

Entries for 1 921 were exceptional l y low because the
recorcs did not begin unt,i I Ju'ly of tnat year. Thereafter. a

gradual r ncrease i n the number of events took pl ace:

fluctuations were rninor. The excepiion to the genera'l pattern
was 1830-31 when the total number of entries clrcrnnert f .cm 112

fn A7 A aaA ueu i' ease or in'i s magn r tude ccu I c ccnce i vab t v

indicate a period of uncer-regrslrat,ion, but the orcp in
number does not coincice wrt,h any change to -uhe par.ish i-uself .

Thomas Campbel I remarned rec+-or ouring chis period and tnere
were no nolations rn the register indicating a d.isturoance in
regu'lar activrties (DOA microfilm series f , part 35A). The

decr-ease i n total acti v i ti es seems f;o ha'ze been caused by a

recuct,ion rn baptisms ano marriages. since burials do not



contri but'e substanti ar r y to t,he overar r oecrease
f in 193j ), there js no reason to suspect that,
been under-repor tecj ( Fi gure 2) .

bnErles continued to remain row for the forrcwing four
years' The reduct,ion may have been Fartly rerated to r,he
response of the Berrevirre town counc.i r to the chorera
ecrdem'ics of 1g32 and 1g34. Belleville escaped the 18.32
ep'idernic by posting armed guards on ar r rcaos leading into the
town ( Mike 1 ooa \, I JUL, _, , S i nce St . Thornas , par i sh r nc I udeC
rndividuars from the surrounding area who may have been
prevented f rom enteri ng the t,own ( i bi d. ) , the berow average
number of proceedings recordeci ciuring this pericd ccurc ha.,,e
Deen a reflect'icn of reduced act,ivity at St. Thomas, as a
re-surf of chorera' No one in the tcwn itseif actuarry
conrracteo chorera (M'ika, 'tgg6 ) and buriars for 1g32 ref recr
th'is with neither a noficeable n.ise nor a Crop jn number. The
evidence -is inconclusive. Although the possibilit.v of under_
regtstrat,ion cannot be exclucjed, i-" epoears tha+_ bur.jals were
I argel y unaffected.

Another possibre erplanation for the decrease rn enrr.res
is the poor hearth of Rector campber r. Alr_hougn the course of
hrs irrness was noi fuliy documentei, iL is known thar i.le
became confined to his house in January 1g35 ano t,hat he cred
the fo'r rcrving September (DoA microf i r,"n series r. parr 35A ).
Perhaps 1831 markei rhe beginning of the rector,s cecIine. Tne
lowest number of entries curing the tweniy years under

( 1f in 1a",1I vlu,

burials ha.,ze
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cons i deraii on occurreo 'in 1835, but once agai n buri ar s do not
appear io have been affected (j4 burials rook place).

2. The f i rst two of Drake ,s ( I gl +) test,s j nvo I ved
exarnining the register for obvious gaps between years or
montns. The first enLry for St. Thomas, cemetery was in Juiy,
1821 - Foriunatery, the burrar sequence was un.interruptei and
there were no gaps of one year durat,ion f rcm July ig2r to r4ay
1874, ?f which point the cemetery closed. Two gaps belween
montns took place: in 1g23, fio entries were mace for^ Apri r:
rn.1E35, no ent,rie-s were macie for June. possibre expianaiions
for th'is absence wi I I be crscussed below. Drake (1971) notes
that gaps of ress than two to three months duration are nct
considered significant, therefore St. Thomas, passes this test
of cofnp I eteness.

3. The next consideracion was concinuiiy cf recorc
keepers. Changes i n handwriti n9 and/or i n the na,ne of the
individuar recording the events had to be examined to ensure
tha+- they dr'd not corresponc to gaps in ihe records. At sr.
Thornas' church, the rec!cr served as tne record keeper (DL)A

microfilm series i, part 3EA), thus it is necessary ic prove
that the death of a rector Cid not resujt in a perrcd of
under- reg i strar i on .

From tg7l unti I h.js death in 1g35, Thomas Campcel.j was
the rector of St. Thomas, Anglican Church. in January of
1 835 , Thomas carnpbe r r was conf .ined to h.i s house . For rne
fol lowing seven months, various off .iciating ministers attencec
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f

i

I

1e.

to the dufies of rector of St. Thomas' Church, incluCing

Thomas Carnpbe'1 i whenever his heal+-h permitted, During t,his

per i od one month con+-ai ns no entri es. In May , Job Deacon

conCucted a funeral and in Juiy, John Cockran took on the

duti es of recior, al though he t^/as not of f i ci al I y ordai necj

unii I af ter campbel I's death 'in September (DoA rnicrof i lr^n

series i, part 35A). The facc that there was a cnanqe rn

ministers over the same month, June 1835, during whicn no

entrieS were ra.r-rrrJorl i c nrgg4bl y nO COinCiCenCe. On nO otner

occasion when a change in minisLers tcok place ioes a gaD rn

the records occur.

Aithough there is no way of knowing whether the absence

of Caia is Cue to the absence of a minister dur-ing tnis
peri od, otr due to 'the f act that records were not bei ng kept,

three different ministers cjid manage to officiare ancj recorc

events between January anC M?y, 1 835, wi thout proCucr ng

obvious gaps. This suggests that during the changeover from

Deacon to Cockran evenLs could have been relocated tc another

parrsh or forestal led untr I the arlival of the new rninister^.

only oeath could not have been delayed. The question is, if
a ceath had cccurred cluring June, '1835, would the indivicua'j
have been buried at St. Thornas"? If this was the case. would

there have been encugh dearhs during that, particular mcnth to
skew e sex and age profiie produced from the parrsh recorcs?

rn orcer to answer the latcer quescion an ex.amination of
deaths occurring during the morrr,h of June for the cjecade 1931-



t

I

I

t

19

1840 was undertaken. On average there were only 1.5 deatns

during the month of June. It is unlikely that one or rwc

unrecorded burials, even assuming that both were adujf,s, coulC

cause a bias rn the profi le of an acult sample of

approx jmately 857, al't,hough it would recjuce the number of

inciiviCuals yrho could be crcss-referenceo with the coffin
^1^+^^UiALES.

4 . The next sf;ep i nvo I ved rev i erv i ng ihe records f cr.^

evidence t,hat people buried in orher cemeteries were

regisfereo in the St. Thomas' parish records. For various

reasons (for exampie, a parishioner died in another city but

ciue to the affiliarion with St. Thomas' rhe deaf;h was recorded

in this register), there were twenty-three cases in which rhe

name of an rndividual buried elsewhere was recorcied in tne S:.

Thcmas' register cjuring the period 1830-1874 (F'igur-e 3).

These cases are clearly mar ked. The minister in questron nrade

an effort to report that the burjal dtd not take place at St.

Thomas'. Ther^efore, it aooears that all funerals entered in

f;he pari sh regi st.er represenl 'indi v'idual s i nr-erred at Sr.

Thomas', unless otherwise noted.

5. The last, step in this evaluation Drocess was r-o

prove that the sexes anc ages i n the records were ncr-

est'imates. Satisfactron of the accuracy of documented sex was

a straightfcrward procedure. Most, individuals were recorceo

by name andior were grven titles such as "Mrs." or "Mr."

ano/or were defined Dy scme relatjonship to anolher
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indiv'idual , al I of which contri buted

about an 'individual,s sex.

21

to remove any ambiguity

There were only 13 indjviduals (age unknolvn) for whom it
was 'impossible to determine sex frcm the records. These were

cases in which surnames were accompaniec by the notatron
"burial " but nc entry fol lowed. occasional :y, there was a
blank in place of e given name. Assui.ning that arr 13

individuals of unknown sex were adult, rhis represenis oniy
1.52% of the 857 adr-rlts listed in the burial regrster and

cannot be considered a s'ignificant proportion. At I
calculafions based on adult sex ratios take t,hese thirteen
cases into account by presenting ranges rather than specrfic
counts.

Estab 1 i sh i ng the accu racy of recordeo age-at,-oeat,h \^/as

much more problematical. peopie are often unaware of the
actuai age of a friend or relative and when required to state
an age, simply prov'ide an estimate. such prac!ices could only
be ruled out in cases where age was recorded in years anc

months or in years, months and days. In all other instances,
one could never be certarn whether some element of guess worK

was involved. Ages that are even rather rhan ocid anc thcse
ending witn (0) are particularly questionabre since, as notec
by Draxe (1971), peopie are more likely to guess even numbers

than odd, and ages ending in (0) tenC tc be favour ires c..

tnose do i ng the guess i ng .

I n orcier to test f or br as of tnts nature, all cf lne
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reco rded ages we re d i v'i ded i nto categor r es based upon the
di s'it i n the uni ts cor umn. The totar s are presented i n Fr gure
4' clearly, ages ending in o and in 5 are more frequentry
represented than cther ages. To test whelher there is a
signif icant ciifference between ages enc.ing in odc numbers ano
fhose ending in even, a binomiar test was run on spss pc+

v.2.0. Bincmiar tests indicate "whet,her the ooserized.
drsi.ibution of a circhotomous var.iabre .is ihe same as that
expecrec from a specif'jed brnomiar cjist,rrbution,, (Norusjs/spss
INC., 1gEg: Cj0C). See Appendix Z. for a cescripticn of t,he
binom'ial test.

rn this case the expected frequencies for boih ooo and
even numbers were 0.5, The fi.st binomiar test excruded ages
end r ng 'in 0 ani 5 'in order to determ.ine whether the r ess
commonry used numbers exhibited a bias.in favour of even ages.
The number of cases end'ing rn an even digit were totar red as
were those eniing in an odd digit. The binomiar test was
ccnducted us;ng these iotals (see Figure 4). The observed
proport'ion was c.5071 fcr ocici ages, indicaring that there rs
no s1 gni fr cant, di fference between odci and even ages
(p=0.767e). A seccnd binomiar test, inciuding ages ending .in

o and 5' was run. The observed proporiion for occ ages was
o'4387, iniical:ing cnce again that, there was no signif icant
difference bet,ween odcj and even ages (p=C.9711). Alt,hough
some of the ages may be est i mates , the re .r s no appa ren t b r as
whrch would preclude ccmpar.isons to skeletal i;r_6srivec. aqe
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est i maf;es .

In addr ti on tc pr obr ems associ at,ed wi th i ndr vi cuar
recorcis of known EgB, problems exist as a result of the
absence of exact. ages. There are 95 i nd.ivi duar s f or whcm age
is unknown. This represents a maximum of i1.1% of the aourt
buri al sarnpr e i f ar r of t,he 95 i noi vi ouar recorcis uncier
cons i cje rat i on are adu I t. Of thcse g5 cases , on t- y 61 are
confirmed adurfs, Thus at reast 7.1% of the adurt group is of
unknown age.

Every decade has at reast, five cases of unreported age at
death (F'igure s). The responsibirit,y for these absences
belongs to a number of rectors, suggesting Lhat, rhe absences
are randcm and that no particurar age group has been under_
recordec. rn order to test this hypothes.is, two specif rc time
periods were considered. Twenty_five of the .indivrduals of
unknown age (zax) were buried cruring 1g3o-1g3g. when f_he

documented ages of arr the people buried during this per.ioc
are exam'ined' no visuar evicence of unoer-reporting of an y age
group is evident. Tne mcrtality patter^n for ig30-3g, .is

srrni la-irr appearance to the mortar it,y pattern of the
remaining years (compare Figur^es 6 and 7). The same can De

said for t,ne perrcd 1g60-1965 when an adcitional twelve (13y;)

individuals cf unknown age were interred.
A log-l inear test with chi square residuars was perforrned

on s-vstat using a Brr 396 mrcrocomputer tc deteF,,.rr.fi€ wnerner
the lwc subsample age drstr ibution_s are signif icanily
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27different from the rest of the sample. An expianatjon of thelog-rinear test is presented jn Appendix 2, The chr scuareres'iiuals are given rn Tables j and Z. A resicjual greater
than 1 '64 can be considered significant at the 0.05 rever
( t^/ i I k.inson , .l 988 ) .

The data indicate that there is a significant irfference
be-uween the 1g3o-3g ciistribut,ion ani the distriburion spannrng
1821-1874 (Likel.jhood Ratio Chr square= 14.43, F=0 .O44, df =7 ),but that no significant difference exrsts between the re60_os
distribution and the distr.ibution spann.ing t821_ 1g74(Likelihood Ratio Ch.i square= 6.06, F=0.S33, df=7). Table 1shows an abundance of individuars in the ,,one tc fourteenyears" category and an under-representation of .indiviciuars inthe "sixty years p1us,, category for .,gSO_39. 

bihi le t,ne
abundance of chi rciren does not present any diff icu.rt,y for this
adu I t- based study , the under- representat.i on of o l der adu r tscould be a probrem. There are two possibre expianations forfh'is finding. First, proportionately fewer peopre over theage cf sixty died and were buried at St. Thomas,during 1830_39 than C.ied and were burjeo during the remajning tjme thecernetery was in use. Second, for whatever reason, the ages cfa slgnificant number of Feopre sixty years and order were notrecorded .in the parish burral records.

Ther e r s good reason to beI ieve that the fcrmerexpranation is the correct cne. Berrevirre in the 1g3o,s wassti I I a relat,rvely new community. The f i r^sl Loyal jsis had
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only estabr'ished themserves in the frcnt townships of Hastings
County'in'l 794 and the fjrst large group of loyalists nao only
arrjved .in the Bellev.j lle area in 17g9 (Boy6s, 1967).
Population growth due to immjgrat.ion was most r acrc r-fl tne
dozen years before 1s37 (ibid). since most migrants are
adclescent's and young adurts befween the ages of 1E and 35
(Browning, 197i; Grigg, 1977), it i_s quite probable that
during anc prror to the ig30's, there were proporticnately
fewer individuals over the age of sixty in Bel levi I le. The
under-representarion of individuars sixty years and order in
the parish records Curing 1g3O_39, is more .l ikely the result
of the demographic features of i,he period than of under_
reporting of the ages of older adults.

Thus, it appears that tne individuars of unknown age who
died between 1g30-39 and 1gO0_6S, were randomly distributed
throughout the age range. rf this hords true for the remaining
unknowns, then the absence of exact ages wirr not introduce
significant bias rnto the age profile of the populat,icn.

fn conclusion, it rs evident the St. Thomas, parish
registe-is not perfect in every respect. The ccffrn data
indicate that some indivrduars were buried wichout record, but
an assessmenL of the documents, followrng Drake (1g74),
suggests that these are isolated examples. Reductjons in
partsh events occurred during 183r-1g35 but the number of
burials was unaffecferj. No sisnif icant gaps rn the regtst,ers
were oetected. pari sh'ioners buri ed e r sewhere were so noted i n



the reg i ster. I nd r v i ciua I s cf unknown sex rep resent
nonslgnif icant proportion of t,he totar adurt sample (1.52v;).
Those of unknown age appear to be randomly distrj buted
throughout the age range. consequently, a sex anc age profile
created from the register data shourd be unbiaseo and
reliable. It can conficjently be compared lo the ske.letally_
derived sex and age profire from the icientifiei portion of the
cemete ry sarnp I e .

? r-\



cHaPrEE* fHgEE

3.1 INTRODUCTION

Met'hods of determining the sex of an indiv.iduar basec
upcn skeretar remains can be broadry div.iced rntc two groups:
morphorogicar observation, arso referred to as ,,subjectrve,,;
and metric, or,,objective,, techniques. Various researchers
have expressed a preference for metr.ic analyses which emp10y
a varrety of measurement,s in order to devel0p regression
formurae' rt has been argued that sucn metric approacnes
resu r t i n f ewe-indetermi nate cases, that they broaden the
range of bones that may be emproyed tc determine sex, areeasier to teach and are more repeatable than morpho.rogica.l
assessrnents (Gi les and El I iot, 1g63; HenKe , 1977; KaJanoja,
1966; Keen, 1950; Ke1.1ey, 1979; Richman et dl., .l 979:
Washburn, jg4S). Otners have observed that techn.iques
involv'ing measurernents usual ly requi re betcer preservatron ofthe rema'ins, they may emproy irr-defined lanomarks, vague
definitions of procedures, ano measurements which .inherently
nave a r im'ited desc-iptive abi r ity (Meindr et dr. , 1985;
Stewart, 1 954; We i ss, 1 97 2) . Furthermore, i t has been noted
that the drscriminatory power of existing functions such asthat developed by Ci les and El l iot ( 1 963) ar e severely l rmited

?J
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serjes where the pattern of sexual dimorphism does nctlow t,he or.igrnal sample (Buikstra and M.ielke, 19eS).

*any investigators have recogn ized that both approaches
have cornparable levels of accuracy and that each contajnsinherent advantages and disadvantages (Acsiidi and Nemeskeri,
1970i Buikstra and Mielke, 1985; Et_Najjar and McWilliams,
1 978; Krogrnan and rgcan, 1 9g6; stewart, 1 g7g; r^rorr-rshop ofEuropean Anthropo 1 0g i sts , 1 gg0 ) . The two metnods areco{nprement,ary in nature and both shourd be ccns.idered wneneverpossjble. It was therefore decicjed that t,he two types of datawould be collected for the Bellev.i lle project. The dec.ision

t'o focus this thesis on morphorogicar ind.icators of sex ratherthan metric was not made arb.i Lrarily. The St. Thomas, samplei* purticu jarly wel l_suited to address.ing the fol lowing tssues
re I ated to aspects of mo rpho'r og .i ca r sex assessment .

1. Most osteologists jdentify the pelv.is as the singlemost important region for the deterrnination of sex since thefemale Fervis is modified ciuring adorescence to accornrnooatethe birtn of an infant. second in irportance is the sku.r 1,whicn refrects sex characieristics such as size and rugosity(Acsdcjj and Nemeskeri, 1g70; Bass, 1gg7; Brothwerr, 1g81; Er-Najjar and Mcwirriams, 1g79; Krogman and rgcan, 1986; st.Hoyme and rgcan' lggg; steere and Brambret,t, lggg; stewart,,1979; Ubelaker, l9g4i Workshop of European Anthropologists,
1980). This assert,.ion w.i ll be tested by comparing theaccuracy of the perv'ic and skur.r morphol0gicar methods .in



33adcj'ition to the ind.ividual crjterja upon which these merhcds
depend.

As El-Najjar and McWill.iams ( j979) note, researchers
rare'r y ag ree upon the recommended we i ghts of each part, i cu r arfeature' Regarding the pelvis, criterra reflecting anterr:crpervic growth a'u adorescence tend to be preferred over thosejnd'icative of posterior growth, s.ince evicience of the formeris frequentry clearer (coreman, 1969; phenice, 1g5g; st. Hoyme

and fgcan, lggg). Despite this general concordance, however,
there is stj r r some disagreement over the rerat.ive varue of
each criterion. This ongoing dispute wirr be discussed berow.

Wilh respecf to the skull, the weighting of ind.rviduat
crjteria appears to be a matter of personal preference, basedlargery upon experience, rather t,han empiricar evrcence(Krogman and rEcan, 1gs6; stewart, 1g7g; Er-NajJar and
McWi I I iams, 1 979; Hrdl icka, 1 952 ). The problem is that it hasnot yet been determined whether the characteristics oeservethe we'ightings atLr.ibuted to them. The rankings may simply bea reflection of the observers, biases,

rt rs propo*sed here chat an examination of botn pervic
and craniofac'iar growth wi r r indicat,e which characterist.ics
within each of these categories wi r r prov.ide the mcst accurate
assessments of sex. This preciiction can then be tested on thepersonarry identified subsample of the st. Thomas, cemeterv
material.

3' The phenrce method (t969) is frequentry cited as ihe



oest Dervic discriminator because o.'the ease witfr
observations can be mace and the h.jsh rever of accu racy
that may be obtained (Bass, 1987; Buikst ra and Mielke,
Fhenice, 1969; Stewart, i97g; Weiss, 197Z). Recently,
cont,rcversy concerning this technique has arisen,

phenice'icientifies the ventrar arc as the most, usefur ofrne three c.ite.ia' F.er rey ( 1978) reaff irms this f inding
usrng 362 hipbones of unknown sex from Native carrfornian
archaeologjcal sites. After comparing a metric assessment ofsex from these unknown archaeological cases to the phenice
criteria, he observes that there were fewer indeterminate
cases for the venLrar arc than for either subpubic concavrty
or ischiopubic rarnus.

sutherrand and suchey (199'1 ; 1gg7) examined 12e4 werr-
documented pubic bones obtained during autopsies. They agreewjth Phenice, cit,ing an accuracy of g6% ustng the ventral arcalone and onry 70% using the isch.iopubic ramus (subpubic
concavity was not assessed since the procurement technicue
employeci during cjissection damaged the region and macje
observaLions irnpossibre) ' rn addition, they identrf ied aprecursor condition, a faini, rine forlowing the course of theventrar arc, which appeared at about age fourteen in therr
sarnp'l e and was the most, f requent cond i t i on by age twenty(Sutherland and Suchey, 1991: 504).

rn cont'rast, Loverr (19gg) initiated intraobserver testsof the Phenice criteria using 50 pubic bones from 36 rnecrcar

.t+

which
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some



35schoor cadavers and founci that most researchers participating
in her test fert that the ventrar arc was ambiguous. Nodifferentiar success in the appiication of the three criteria
was noted.

MacLaugh'r in and Bruce (1gg0) serected 273 skeretons ofdocumented ege and sex from three European skeletal
col lectrons: a jTth to lgth century Engl ish cemet,ery (gs
individuals); a mociern c.issecting-room sarnp.re from theNetherrands ( j36 cases); and another modern cissecrrng_roorn
sarnpre from Scotrand (52 individuars). They observe that thesubpubic concavity proved to be the single most reriabre
indicator and, in fact, tends to be better than the threefeatures in combination' yet, even when using the vent,rar
arc, they could achieve only B7% accuracy on the English
sample' 72% on the Dutch, and 75% on the scottish corlection.

Due in part to the controversy surrounding the ventral
arc, det,ai'led o'rssect.ions of the pubis were cornplet,ed byAnderson (1990) and Budjnoff and Tague (1990) in order rodet'ermine ihe anatomicar and devercpment,ar bases for t,h.rscnaract'eristic. Using 23 cadavers, aged 63-g4 years, dflc g
cadavers, aged j4_21 years, Anderson (1ggO) observeo that, tneventral arc marks the origin of the female gracilis muscle
wi th ccntri buti ons f rom aciductor rnagnus and adducior brevr- smuscles. He notes that, in the mare the origins of the samemuscles, 'parar rer the contour of the pubic syrnphysrs ancinferior ramu*e" (AnOerson, 1990 : 452). AlthouSh he does not,
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state it in this manner, Anderson,s ob_servations on the mare
ino'icate that the rnuscular origins in quest.ion co'forrn to the
male version of the ventrar arc as descrioed by phenice
( 1 969 ) ' Anderson's findings are in agreement with those of
Budinoff and Tague ( 1gg0). Having ciissected onry 7 cada,rers,
they state that, "although mares and femares gene rally differ
tn the course taken by the ridge of bone on the ventral aspect
of the pubi c corpus, ihe sexes are i dent.icar i n the muscu r ar
and ligamentous at,tachments to that ridge,, (Budinoff and
Tague, jggo: 76).

whire both studies agree with respect to the rerationship
between the ventrar arc and the muscurar origins of some of
t'he adductors, they focus on srishtry different aspects of
their findings and, conseguent'1y, Fresent disparate
conclusions. Ander,qon (1gg0) concentrates upon the raterar
position of the origins with respect to the pubic symphysis.
Although he recognizes that the femare muscurar origins are
assoc jated wit,h the ventral arc, he faj ls to real ize that the
male sites of muscre origin conform to the bony rrdge
paral lel ing the pubic symphysis; a ricige, identif ieci by
Phenrce (1969) as the male counterpart to the female ventral
arc. Thus Anderson was able to conclude tnat:

simpry stated, a rnore medi.al 0rigin of the -uhree muscresjs seen rn males because the synn|hy""ul surface cces notrmpinEe upon the venii,at 
"r.ij"J'Ji tr," os pubis. wrt,hfernales, however, Lhe invas.ion of ii.r" 

"vrphysis onto theventral surf ace of the pub'jc uone 
-'prohi 

bi ts the samemedral origin. Because tlt: symphyseal wrap_a.ound iscne most I ateral expanse of tf,e-svfip'iy".u.l surf ace, wh i chis within the j;i;; capsute and covered by the



JI
I lgamenlous fibe." 

:f,11. ..uosure, these muscres cannotattach at the 
"r*" site as in mit wiren ihe pubescent,pubic elongation begin_s in t"**T"., the muscular,ure that,was once attached 

. 
al ong if"r* symphyseal border i s;?:::";. t"..;J; tiir:: 

-rft i"n'J...""o s rowth that takes
:f;;;;i;, ;;;."' :::. 1,""!,,.:i;''* .:,:. .J,?, ;rml;;H;;
(Anderscn, i9g0 : 486_457 ) .

On the other^ hand, Budinoff and Tague ( 199C) focus on thereraticnship between the muscurar aftachments and the ridges,rather than on the degree of raterar pracement of the adc,ucrororrgins' Having tar..en a srishtry different F€rsps6l1yg, theyconcrude that,, "the rateral pracement of the ventrar arc isdirectly relat,ed to pubic 1ength,, and imply that males wjthlong pubes might be interpreted as having a ventral arc (1g90:
tcJ).

Thus Ander-scn's work suggests that the ventrar arc shourdhave an extreme 1y h r'gr'' r eve r of accu racy, cornparab r e to that

,:::^t:tt 
bv sutherland and suchev ( 1ea7). Bud'inoff and rasue

t. rvvuj are less optimistic concerning the use of the ventralarc as a singie ind.icator and state that it cannot beconsiderec. independent of pubis length.
This anarysis wirr address these issues by assessrng eachof Phenice's ( j969) criteria individually. MacLaugh.l in andBruce observe that thei rs was the only study to, ,,eval uate t,here I at'i ve conrr i but i on of each of the th ree f eatures tosuccessful sex identification,, (1990: 1390). In t,he presentinvestigation, the accuracy of each characterist.ic wasdetermjned. The individual results were compared to the



levels of accu racy achieved usjng al I
these features.
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possible combinations of

4 ' Fi nar r y, the st. Thomas, mater.iar i s an excer r entoara base for testing the assert'ion of Meindr et ar. ( 1gss)that the proportjon of males in the sarnple will beuncierestimated (for rcwing a mor'hol0gicar anarysis of eirhert'he pervis of^ the skurr), ivhire few errors wi1.1 be made inassessing "i'rue femares". This view conira-qts with we-iss,/ e a-; r\ tv | 1l content'jon that a morphological analysis cf the skul Igenerar ry causes indeterminate cases to be cJassifieo as ma1e,thus creating a significant, bias in favour of rnare_q.
Because the St. Thomas, Church cemetery is a largedocurnented sampre, jt js possibre ro test, specific hypothesesassociated with morphological approaches to skeletal sexdetermination, in addition to a simple analysis of theaccuracy of these methods.

3.2 SEX AND.THE SINGLE SKELETON:EMPLoYTN9-THE eoNEs-br-*rE pELVrs To AssEssTHE SEX OF HUMAN SXEiCTNL REMAINS
3.2 .1 INTRODUCTiON

As incicated above, f,he pervis .is ccnsrdered to be thesingle besi region for assessing the sex of human skeletalremains. Because of the distinct functionar requirements ofthe femar. p.1vis, adorescent d.ifferent.iar growth of tne bonypelv'is occurs rn both Cegree and dir-ection. Conseque nt,_ty,most pelv.ic sex indicat,ors differ in form, not s.imply .in sjze(coleman' 1g6g; st. Hoyme, 1gg4; st. Hoyme and rgcan, lgBg).



39As a result, an investigator exarnining a singl" p*lvis or evena single hjpbone may ccnfidently assjgn sex, v;hereas anooserver attempting to deterrnine sex based on a sing.le skul I'rs handicapped because of popuration differences whrchstrongry affect the rarger/smar rer type featurescharacferistic of sex differences of the skulI (Acsaldi andNemeskeri , I 970; Firogman and fgcan, j gg6Z; St. Hoyme ancjTgcan, lggg; Steele and Bramblett, lgggi Ubelaker, 19g4;l{orkshcp of European Ant,hropoiogi sts, .l9gO 
) .yet ' as demonstrated by the above d i scuss i on, pe r,z i cind'icators of sex are not entirely free from controversy. fnthis chapter the fol rowing four questions concerning sexcharact,eristics of che pelvis wi I I be examlned:(1) ivhat revers of accu racy and reriability can be achieveci

us.l n9 th i s method?
(2) rlh i ch trai L( s ) i s/ar e the most accurate and re(3) With regard to the phenice method: which oftraits is the most useful?
(4) Does the morphol0gicar method of assessment proouce abias in favour of one sex, and if So, jn whichdi rection rs the error?

I 'i ab't e?

the three

3 .2 .2 THE TRAIT LIST

The features chosen for exam.ination
cornp'i lec' f rom trai t I isis prociuceC
anthropologists jncluding: Bass, 19g7;

r n thi -s study were

by rnany phys.ica I
K rogman ancj f gcan 

,



401996; phenice, .'969; St. Hoyme,19B4; and Stewart,1979.seventeen traits, representing the trvo functionar divisions ofthe pelvis and reflecting differentjal grcwth patterns, werechosen. A copy of the data sheet employed js presented jnTable 3 (see also Figure S).

3.2. 3 LITERATURE REVIEi{

After exarnining two grinary paper-q, Coleman,s ( jg6g)pract'icar anarysis of pervic growth and s.t. Ho-yme,s (1gs4)theoret.ical approach to grcwth of the poster.ior pelvis, it u;asposs'ibre to generate some hypotheses and expectat.ions aboutthe relaf.ive worth of the tra.its.in Table 3.
Having anaryzed and measured 300 anterio-posterior x_raystaken of t'he perves of thirty individuars from the ages of g_1B years, Coleman (1g6g) states that, the most signrficanterampre of sexualry dimorphic growth js the greater raterarmigratjon of the female ischia necessary to expand the pelvicca'rity' He arso noLes that the bones of the true perv.is ar emore dimorphic than those of the farse and that featuresrelying on both anatomicar syrstems for ihei r f inar fornr aret,he most variable and therefore the least, useful.st' Hovme (1gea) postu'lates enrarging growth rn tirefemare posteriar pe'lvis, anarogous to thai of the pubjs. shetdent'if jes three possibre growth patterns: ( 1 ) prima rtly onthe 'i I iac port, jon of rhe sacral_i I iac joint, result.ins .ln araiseo auricular surface, a wide sciatic notch and the
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TABLE 3.
GROUP/i CASE

VISUAL SEX DETERMINATION OF THE ADULT PELVTS

BURIAL
CONDITION
OBSERVER

_ .-_ DATE:
LOCATION:

SKULL ASSOC IATED: -'

PUBIC EONE MALE FEMALS

PH|ESS|c 
Ccncav i ty v-shapecj ans 1e _.___ u-shapec ang i e

iiSIi:XXl" ramu-q ricse absent' ricge preseni
Vgntral . arc abseni(Venaic)-'- present

?F8BSn15"yuor" bone narrow __=_w.rce, rec.,ansular
Dorsal pi rti nq(Dorpit) , presenf

?SJ?IJS 
norcn srnat I , c I ose, cteep wice, sha t I oiv

ILIUM

4!.icula[ surface net raiseC - ra.]seo( aursurf ) posf_iu5 rnargt r.j _ _ _._

?fe;auricular sulcus absent thjn large circulart bu I cus ) g rooves oep ress 1 ons

i;j;l[*in.o" hish, Ver^ricat - .tarerai ty cjivergeni
PELVIS
Fa'l rr i n T n'l n+f$l Y.l:., l! l eE heart-shape r:-t I .i ni i nr.i;;t; rvr4"Jsu ileart-Snapg e:llrnij(Pelinlet) "'" sr rir;ulca l

TIue Pe-1vis relatively smal I obl teU€, shal low(lruePel) 
spacrous

?88i53i"r f oramen 1arse, ovoi d 
---_sma 

t I rr iansu I ar
iFS:g:gj"r larse, direct.ed tareratty_srnat t, ant,_iat,

fg;S;Brilark.'ngs marked, russed sraci 1e, smoorh

SACRUM

Shape
lgnger, nai.lglgr: rnore shorcer, .bloader rendency

?i33'lij'itstributedcurvaiure-to-curvebt'sl:.3?',sb-ss
f^qlOgi of sesrnenf,s 5+(No.segs) --- -'"- 5

fgst9r'lor.Vtew sacrcr I ra(pcstview) visi3i3"'nt" ?B.iXi;.]?JF,parr



FTGURE 8.
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Pelvic Traits
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presence cf borh t,he preauricurar surcus and post_auricurar
groove , (z) growth concentrat,ed on the sacral porti oi..r cf the
io'int' resulting rn a w'idenec'sacrum, a narrower "male,'look.inq
i I iac crest, (3) a combinat'ion of both of the above.

if the theoretical v.jews of St. Hoyme ( 19S.+) are combrned
wrth the observations of Coleman (1969) tne fot lcwinq
hypothe-qes resu I t:

1. Feaf;ures resulting from the modifrcaticn of tne
f ema I e p repubescent pe i v,; s tc accomrnodate the b.i rth of an
infant wilr produce the mcst reriabre rnd.jcators. srnce
lateral mjgration of the female ischia are respons.ible for
increasing the pervic outreE, traits wh.ich resurt fro,r this
migi^airon wi r r be part'icurar-ry usefur. Accor^ding to coreman
( 1969) tfre relevant characteristics are:

(a) size and shape cf the true pelr,is
( b ) w i dt,h of the subpub.ic ang I e

(c) shape/ length of the pubic bone

st' Hovrne (19g4) notes that the venirar arc marks the
former bcrder of the pubis and, therefcre, .rs rerateo tc pubis
lengih. Budinoff and Tague (j9gO) support thjs v.iew. More
recent'1 y , St. Hoyme and f gcan ( 1 gg9 ) have added rhat t,he
subcubic angle-js asscciatec with pubis shape anc the presence
of a ventrar arc. They craim ihat ar r three characterrsr.:cs
are expressrons of anteriar pervic gr owth anci therefore, must
oe counted as a single point of evicience. Thus the venf,r^ar arc
was addec to ccreman's rist with the caut.ion that one must,



exami ne the co-occurrence of t,rar. ts
express'jons of rhe same phencmenon.

') In her earlier paper, St. Hoyme (19g4) icent,ifres
f ive features of ihe post€rr'or- pelvis vrhich she bel ie.res wou-jd
be as accurate as thcse of the anter.ior. More recentl-v,
riowever, st. Hoyrne and Tgcan have indicatec that eyicence for
remoiel I jno in the pcsterior peivis m.ight nct be as clear as
t,hat f rom the ant,e r r or and consequent 1y , ,,th.i s rnay I eac tc
lower weightings for- tnis group of factors,,(St. Hoyme and
rgcan ' 1 gB9: g5 ) . The posteri or pei vi c features expected to
be only slightry ress usefur than those from the anterror are
as fol I ows:

(e) aur.icular surface
(f) presence or aDsence of the preaurrcurar surcus
(s) sciatic notch shape

(h) dorsal pitting resultjng from the inst,abitity of
the female sacro_i I iac joint
(h) sacrum wiCthr,shape

onry the ratter feature conf r icts with cc-reman,s
findings. rie observed, ',,,1o sex Cifferences in either tne
drfferent,'iar growth paftei^n or the amount of growtn uncerEone
by the locar areas cf the sacrum" (ccreman, 1 96g: 143 ) .

Acccrcing to his analysis, the shape and poste r-ior vjew of the
sacrum shourd be of rittre varue as a sex indicar:or.

Tague ( 19Bg) examineo archaeoiogicar Amerincian samD,res
and a sampre of B'racks f rcm the Hammann-Todd cor rection ano

(b), (c) ana'

+4

(d) as



found that wh'i re sex.uar differences in the degree of
resorptron of tlre pubis and preaurrcular area were present, in
genera'l , only a minor.ity of females exhibitei resorptron more

severe tnan thal found in males. His investigation suggests
that the preauricular sulcus and dorsal pitting shoulC be

gi'ren less weight ihan other features of the post,erior pervis.
3. coleman identified other rccar ized sites of

differentia-t growt,h that are not directly related to pelvrc
ou*,,let, 'increase. He feels thaL although these regicns do

exh'ib'it ,qexual ciifferences, they are not as obviou_s as rnose
desc-i bec above. He observed 'inf ero- l at,eral growth at the
junct,ion of the fernale ischial ramus and t-he pubic bone, ?fi
area correspondrng to the attachment of the musculature of the
pen i s 'in Lhe mal e. Mal e i sch i al -pubr c i^amus growtn was

stricfly'inferior in direct.ion. Also notec was the less steep
slant of the femare i r ium reratrve to the mare. ccreman
(1969) suggests this pattern was due to growt,h between rne
fhoracic vertecrae lengthening the trunk faster ihan the rlrac
crests are growi ng and/or a greater I ncrease i n trunk
muscu I ar i ty arnong mcst mal es and some f emal es.

,L. Features dependent upon both funct,ronal djvisicns of
the pe1 vi s for thei r fi nal adul t confi guration wi I r shcw
l'it,tle sexual iiffer^ent,iation. Accor ding to coleman ( 1969 )

cnly the pelvic inlet and the sciatic notch are affectec bv
both sysrems. St. l-.ioyme (1994) disagreed wi.uh Coleman,
suggestrng that rhe shape of the sciatic notch results from
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growth a'long the 'i I iac surf ace of the sa.ro-i I iac jornt and,
consequently, this feature _shouli be extremely useful.

5, Characteristics r,rhjch depend upon d"iffering growth
patterns for their finar form w.i rr be more usefur for
nrcrphologicar det,ermination of sex than wi r r those dependent
upon ciifferential rates of growth. Thus the acetabulum, which
shcws nc ev,idence of sign'if icant sex diffei,-ences in t.he amoun,
of growth (coleman. 1969 ), mL,rscle markings anc tne cbturator
foramen (st. Hcyme, 1gg4) wi r r be the reast usefur
cha racte r i st r cs .

Based on these five hypotheses, the examinec traits may

be separat,ed r ntc blocks and ranked accordi ng to the.j r
expected level of accuracy (Table 4). Sciat,ic noich anC

sacrum snape are r'istec twice since ccreman (1g6g) and st.
Hoyme (19E4) disagree w'ith respect to the pracement of these
features. It is suggested here that, coreman,s ranking .is more
probable since his study dealt with observations whrle St.
Hoyme's approach was more theoretical .

The hypothetrcar ranking can arso be useo to predrct ihe
crcier of accuracy f or the pheni ce cr^i teri a. phen.ice ( i 969 )

clairns that the ven-trar arc is the mosr usefui, for rowed by
the subpubic concav-ity and the ischiopubic ramus. The work of
Cclennan ( 1969) and St. Hoyme ( 1984) suggests a srmi lar
pattern. The ventrar arc and subpubic concavity are expected
to be equal ly effective whi le the isch.iopuoic ramus should be
less effective.
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TABLE 4. HYPOTHETICAL RANKING OF PELVIC TRAITS

MOST EFFECTIVE
(Coleman, true Felvis subpubic concavttyS-r. iJoyme) shape/length of pubis ventral arc

SECOND MCST EFFECTIVE(St. Hoyme, St. auricular surface sctattc notchHoyme and igcan ) sacrum

THIRD MOST EFFECTIVE

'il;rlit*t' 
preauricular sutcus dorsar pirting

FIFTH MOST EFFECTIVE
(Coleman)

FOURTH MOST EFFECTIVE(Coleman) ischiopubic ramus i I ium shape

pelvic inlet sciatic notch

LEAST EFFECT]VE
(Coleman anC acetabulunn obtur^ator forarenSt. Hoyme) muscle markings sacrumposterior view of Ene sacrum
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with respect to bias and direction of error of sex

est'lmations, Meindl et al. (19g5) suggest that the female
pelvis has I imjted .rariabi l ity due to the comb jned funct,icnal
requ i rements of ch i r dbi rth and r ocomoti on. rf, i n fact, the
form of rhe femare Fervis 'is more constant, one wourd expect
fewer errors to be made 'in the assessrnent of femare remains.
The maje pelvi_s, be.ing mcre variable, would be more prone t^
m'rscla-qsificaticn. Therefor^e, when using pervrc criter.ia one
could expect a b.ias in favour of females. Tague (1989)
refutes this argurnent on the basis of a metric analysis of the
size and shape of the true pelvis of 2oo skeletons of known
sex and a se r- r es of Ame r i nd'i an samp r es of unknown sex . He
fa'i led to f ind consistentiy more variarion in mar. p"rves and
as a resurt suggests that if the pelves themserves are not
more variable, per^haps the visual clues er.nplcyed bv
anthroporogists are mcre va.iabre in mare skeretons.

rf the trait rist is examined it becomes evident that
most of the features under consideration ciepenc upon
d'ifferential gr^owth cf fhe femal" p.lvis for the j r f inal form
(st' Hoyme, 1gg4). Since this is the case, one wourc expec:
borderl ine 'indiviciuars to be crassif ied as mare due to tne
lack of evidence fcr alteration. Furthermore, the female
form cf each characte.istr-c can vary ar be r",rodif ied by age.
For examDle' the ventrar arc may not be paips6i* untir after
twenty years of age ( Sutherl and and Suchey, .19g7 

) . young
females may be m'iscrassifieci because the venrrar arc.rs
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clearly absent. on t.he other hanc, the subpubic angre narrows
with age (Tague, i9gg) and therefore older females are arsc
subject to misclassifjcation.

De_sp i te t,he f act that Me i nd I et,

oppos r te to be true, i t .is argued here
error wi I I be to m j scl ass.jf y f emal es

factors wh i ch contri bute to the
characterr st.jc f ei'nal e pel vi c form. Tne

of males,

al. (1985) found the

that the d i rect,.ion of
because of the many

var r ab'i I i ty of the

bias w'i I I be in favour^

3 .2 ,4 HYPOTHESES

If was possible tc develcp four ma.in hypot,heses basecj
upon the pelvic growth l.iterature, They are as fol lows:

r. The pervic morphorogica'r approach to skere;ar sex
determination can accuratery identify the sex of an inoiviouar
and can produce an accurat,e sex profire of a sampre. This
hypothesis wi r r be accepteci 'if the morpho'rogicar method has an
accuracy revel greater than or equar to go% and if tne sex
ratio produced f rom the skeretar est.imates rs st,atis:ica11y
tncistingu'ishabre from the ratio deveroped frorn the par.r_sn

records.

2' The four feat,ures of the anterior pe'rvis: true
pelvis shape: subpubic ccncavity shape; pubis shape ano
presence of a ventral ar^c wi I I be more usef ul than the f,ive
feacures of the pcsterior pelvis: auricurar surface hergnt;
sci aii c not,ch shape; sacruiln snape; presence of a preaurr cur ar
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sulcus and dorsal pubic pit.ting. The cr.iteria for acceptance
of lhrs hypothesrs incrude: a mean accuracy for the anterror
features which is at reast 1o% higher than the mean accuracy
of t'he posteri or f eatures and a mean .intraobserver error r eve r
which is at reast 57. rower for the anterior features than fcr
the posterior features.

3' Of the phenice (1g5g) crite.ia, 
'he 

ventrar arc rvrrr
produce the best results, followed b.r the subpubic concavi+.y
a^d the ischiopubic ramus. This hypothesis wir.r be accepted
if the vent,ral arc has both higher accuracy and lower
inf raobserver errcr t,han the subpubic concaviLy which rn turn
has both higher accuracy and rower int,raobserver erro. than
the ischiopubic ra;.nus. An overar r rank for the ventrar arc
which is at least two places hisher than t,he suopubic
concavrty and an overal I rank for the subpubic ccncavitlr vrhich
is at least two places higher than the ischiopubic ramus will
confi rm th.js hypothesis.

4, Although MeinCl ano cc1 leagues ( 19g5) suggest ihai
t'he mare pervis is more frequently assesseci incorrectry t,han
ts the fernale pelvis, it is suggestec here thai any b.ias i'
the morphcrogrcar approach tc sex determination of 

"he 
per.vis

w'i I I be in favour of males. This hypothesis w.i I I be accep__ed
if thsre 'is a greater percentage of femares than mares whose
sex was .t ncorrect I _v.. assessed .
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3 .2 .5 METHODS AND RESULTS

3.2.5. i Dafa Col lect.icn
Most of the adurt skererar mater iar excavated from the

st ' Thomas' cemetery was transported to McMasi,er Un r ver-s r ty
f or stcrage dur.ing the peri od of anal ysi s. The boxes
conta'in i ng the remai ns were numbered accordi ng to ihe sequence
r n wh r ch they r,vere excavaLei anci were stored i n rough 1y ihe
same order.

The assessment cf sex by examinatron of the pelvrs was
unde rtaken at the beg j nn i ng of the ana 1 ys i s pe r- i ocj and
assessment by examinat'ion cf the skur r was reft unr,i r the enc.
in order to minirnize intraobserver- bias.

The pelves were studied ind jvidua.l ly; burials were not
exarnined in consecutive order. Observations were taken in
success'ron, as ristec on the cata sheet, fcr each Dair of
hipbones and any cifference between the two sides were noted.
Features were assessed as ejther ,,fid-l€,,, ,,fennale,, or
"indeterminate". Every effort was made tc consicer each trait,
separat'ery sc as nct tc bias the remaining observa+_rons. Due
to 1:ime ccnstraints, however, it was not practical to ooserve
each pelvis indiviciuar'ry for each trait in order to fur^ther
recuce bias. once arr the observat.ions were made, each
crtterlon was given equal weighting anc se.\ was assrgned
according to the category (mare or femare) into which the
majorrty of feaf,ures ferr. rn cases where the surn of resurts
proouced equar numbers of f eatures i denti f i eci as ,,mar e,, anc



52"female", sex was usual ly def,ermined by giving phen.ice,s
( 1969 ) cri teri a rnore wei ght than the resi, cjue tc thei r
a11eged1y hisl-, collectjve level of accuracy.

once arr of the perves had been anaryzed, Sixty-two
i nd i v i duar s were re-exami ned f or ciegree of i ntraobserver
error' The retested cases consisted of ar r .incivicuars which
init'iar exarninatron had 'indicaieci were boroerr ine
( indeterminate) and a random serection of the remaining perves
( inc'luding 23 personal ly .identif ieC incjiv.iduals). e i ^^^vrttuE
difficult cases were del iberately chosen for inclusion rntc
this study, the 'intraobserver error carcurated herein may be
higher than average.

3.2.5.Z Data Analysis
The first step in an analysrs

det,ermine the prec.ision of the method
necessary to know whether the observer
he r/h i s resu I t,s . If s(he) cannor,,
rnethcdology is quest,ionable and the
recons i de red .

Ine probrem of precision in this stuoy was addressec Vr_3
a test for .intraobserver error. According tc statistic.ians,
researchers must decide fcr themserves the rever of e rt or they
are wi 1 'r i ng to accept. rn the past, r..orey ( ci ted i n Mo ito,
1979) emoroyed a s% cutoff point for .intraobserver error cn
discontinuous cran.ial tra.its. Features with error levels

of this type is +_c

being emp'loyec. Ii rs
can re I 'i ab I y rep roduce

the u*"i I i ty of the
techni que shoul C be
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greater than 5% were consrderei roo diff.icurt to score anci
Ivere removed from the analysis. More recently, Nichol anc
Turner (tgs6) chose a 10% crit.icar rever for oentar
characteristics. This anarysis wi r r for row the read of Nichor
and Turner, since a 1O% critical level will identify crjteria
d'iff icult to assess but st,ill permits some room for error.

The precrsion test consist.ed of calculat,jng rhe
percenLage of disagreements for final sex assignment between
trial one and tr.ial two.in the sixty_two cases for wh.ich two
sets of observatjons were taken. Seven differences cccurred,
resulting in 11.3% intracbserve r error. Th.is is sl jghtly
higher than the acceptabre rever and it suggests that tnere rs
a problern with the methodology. It is proposed here that the
high lever of 'jntraobserve r error is the resurt of the
combined effects of on'ry a few unrer iabre traits. Since each
feature was given eguai weight in the finar estimation of sex,
cases that contained roughry equar numbers of mare and femare
crite.ia wourd require onry a few inconsistent,ry assessec
t ra'i ts f o r the outccme of the second assessment to ci i sag ree
wttn that of the first.

The solutron is co rdentify the features exhibitins high
levels cf intracbserver error and to eriminate them from the
trait list,. Thus, the rel iabi I ity of each critericn was
calculated. Tabre 5 rists the traits and gives a breakdown of
the percentage of all possible types of disagreements. fhe
prcporfion of difference is the percentage of discrepancies



TABLE 5. PERCENTAGE OF EACH TYPE OF DISAGREEMENT ANDRANKING OF CRITERIA ACCONOTNE TO LEAST AMOUNT OFTNTRAOBSERVER ERROR

TRAIT XPROPORTIOIJ OF
DI FFERENCE

Ventral Arc 1i .Z%Muscle Markings 11.2%Dcrsal pitt,ing 
1Z.g%True Pelvis ot Eullc. Sacral Segments ';'.6;

ObturaLor foramen 9.6%Postelior View of Sacrum S.Og
Subpub i c Concav.i ty li . sx
ly?i " shape 0.4%ilium Shape 11.2,06Sacrum Shape 1j,3%Sci ati c Notch 0.0%Pelv'ic Inler_ 33.8%Acetabulum O.O%Auricular Surface 1.6%Preauricu,rar Sulcus 1.6%Ischiopubic Ramus 6.4%

N=62

+ERROR OF @INTRAOBSERVER RANKINDETERMINATE ERROR
CR I TERIA

1 I au
I I . J/O
/)o r\v
-J . V/O

A Auv.+rc
13.O%
4.8%
I Av| . v/o
0 .0%
I .0%

14 .4%
17 .7%
4 .8%

1'7 --lvI l. rrc
1 .6%
6 .4yo
L7%
1 .6%
L6%

a.o% .t

o.o% 
1c.o% 
1o.o% 
13.2% 5

1 )ote. L/o 5
3 ,zyo 5
3.2% 5
4.8% I
6.4% 10
6 .4% 10
6.5% 12
9.7% 13

11.?% 14
11.3% 15
r|.J;6 15
11.3% 15

x Refers to disagreements between Lrtars that resurted from anattempt to assess the criterion- ii'-onfv one of the two
;:;::?:i;. 

( probabt y due ro frasmented naru..- or- rhe

+ Refers to disagreemenfs between triars car,sec b)r assrgning?,iiX*ili?nr..1:.sessment one but, taberiins rhe second att,empt

@ Refers to the percentage
underwent a reversal .in ier.t,rial twc.

of cases, for each criteria, tnatassignment between trial one anc
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caused by observing fragmenrary materjal and assessing the
trart onry cnce in the two triars. Error of indetermrnate
criteria is the percentage of differences caused by assessing
a crrterion rndeterminate for one Lrial and assigning that
criter^'ion a def inite sex during the othe r Lrjal.
rntraobserver error is the percenf,age of cases, for a given
crit'erion, that exhibit a reversar in sex asslgnrneni.

Although there are no extremely hish levels of
intraobserver error, there are four criter.ia which exceec the
acceptable level. Acefabulum shape and size, a'Uricular
surface heisht (raised or frat), presence or absence of a pre_
auricular surcus and ischiopubic ramus shape viere arr fcuni to
be unrel iabre 'in this study. since the rever of intraobserver
error for each of these features is only slightly higher than
the critical 1evel, the probrematic criteria were incruded in
the rest of the anarysis. The imprications of incorporarrng
these criteria in a morphorogicar sex estrmation trart, rist
are ccnsrdered in the discuss,ion.

Hav"ing establ ished the rel iab.i I ity of -uhe traits and the
observer's abi i ity to make use of them, r_h€ next step was to
establ ish the accuracy cf the method and the indrvicuar
criteria 'invorved. one means of determining the accu r-acy of
the mcrpho r og i car apprcach was to cornpare the known an<J tne
ske,lefal ly determ'ined sex of each of the fort,y-nine .ident,rf iec
tndividuals. c'nry twc of the estimated se;( assignments were
'incorrect. The percentage of error i s, theref cre, 4.1?4.
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Thus, by emprcying the tr ait r ist descrrbed above, a 95.9%
level of accuracy was achieved,

Accuracy was ai-se exam'ined by comparing the sex pr^of i re
of the enti re cernet,ery sanrpie, as represented i n the part sn
records, to the pi'^ofire cf the excavared sr.r,eretar sa,npre.
Before such an anaiysis cculd be unceriaken, it was necessary
to f i rst detei-m,ine which ass'ignment of sex *should be usei in
rnose cases wnere trvo evaruaticns were maoe. A_q inc.rcated
above, there were seven i nstances of ci,; ff erences occurri nq
belween trrals cne and two. The expecfation was lnat
experience, and consequentry expertise, was gaineci by 

"he time
t'he second sei of observations were mace. Therefore, the
second as-signment should be ccrrect. This view was tested by
us i ng twenty-t,h ree cases f or wh i ch docunnented -qex was
availabre, and twc sets of observations had been taxen, !o
perform a crosstabulaticn of known sex by each irait and by
estimated sex' spss pc+ version 2.o was used to prcduce the
result,s presented rn Table 6 (see also Figr;re 9). There is no
pat'i,ern which is ccmmon to ar r cf the criteria examineo. scme
features, sucn as the pelv.ic .inlei, show a decrease in error^,
-indet,erminare cases anci unobservabre trairs whr re cther-s, such
as t'he subpubic concavity, show a cecrease in unobservabre and
i ndetermi nare observat i ons at the expense cf a s r .i sht, i ncrease
in percentage cf error. other assorted cornbinations arso
occur. The following is a summary cf the Lriai 2 cata founc
rn table 5:
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COMPARISON OF *ERROR, % TNDETERMINATE AND % DATAABSENT BETWEEN OBSERVATIONS OruE NruO TWO,CALCULATED FOR EACH PELVIC TRAIT

TABLE 6.

Tn^r+InAt I

subpubic ccncavity

ischiopubic ramus

venlral arc

pubi s shape

dorsal p'itt i nS

sciat,ic notch

auricular surface

preauricular sulcus

ilium -shape

pelv'ic inlet,

Erue pelvis

obtu raLor foramen

acefabu I um

rnuscle markings

sacrum

nurnoer of sacral
segments

posterior view of
sac rum

TRIAL % ?6 % DATAi..JO. ERROR INJDETERMINATE ABSENT

I o.o 4.3 47.82 8.7 0.0 34.7
IrA *': 4.s se.l. d.t 9.7 34.7
I o./ 4.3 30.42 0.0 4:a 31 .7
I {.3 4.s 3s.lt s.7 4:a 43.4
I q.o 34.7 47 . B2 o.a it .l s2.2{^I u.u 21 .7 0.rl2 4.3 -B:? o.o
1 l3.o o.o o.o2 13.0 1a:o o.o
,.1 | i.v 4.3 0.0t 8.7 0;o O;0
I 4.s 17.4 1s.o2 0.0 e.o 0.0
i^: q.l 0.0 s9.1t 4.3 0:0 4 .3

; g.g 0.0 43.5a e.u 8.7 34.7
1 +-? o.o 4t.8z 1.s o:c EZ:2
7 4.s 4.s o.o2 4.3 0:o o.O

I R.F 20.1 13.0a U.U EZ.2 g:j
<^I o.t 0.0 34.72 4.3 o:0 34.8
{AI !.9 56.5 4z.L'z a .o 56 :E 43.4
1 39.1 0.0 11.32 43.5 o:a 13.C
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7" error is reduced in 6 criteria
% ernor is increased in 5 cr;terrano change in % error occurs in O cr.iterra
% rndeterminaLe is reduced tn 6 criteria% indeterminate is increased in 4 criteriano change in x indeterminate occurs in 7 critei^ia
% data absent is reduced in 7 criterialo data absent, is increased in s crit"iiunc change in % iata absent occurs .in 5 cr'teria

It is pcssible to identify a generai pat,t,e: n in which Lrial 2
cr-'it'eria exhibit reduced percentages of error, reduced
indeterminate ob-servations and reduced numbers of unobservable
caia. since the finar estrmated sex .rs dependent upon the
indivjdual crjter.ia, the evidence suggest,s that expertise and
accuracy do.increase with exper.ience. Therefore, the second
assignment of se)( was emproyec in cases wnere a disagreement
between the first and second set of observations occurred.

Next, spss pc+ vsrsion 2.0 was used to conduct a brnomiar
test (for explanation see Append ix Z. ) to compare the expected
sex rat.i o, ?s determi ned by the pari sh recorcis, to the se)<
rat'io derived from a morphological examination of the
excavaiec pelves' rn order to perform this statisiic, the
expected probabi r ity of mares to femares for the enti re
cemetery sampre had to be estabrishec. Unforiunately, the
parish records did not always indicace the age of the
rndiv'idual and, consequently, the total number^ of acu.lt, rnales
and females hac to be expressed as ranges. The lowest number
assumed that none of the age-unknown i nd.iv i cua r s were acu l t.



The highest assurned that all were adult.
60

In order to
encornpa'ss f;he full range of possibilities, Lwo parisn reccrc
frequencies were carcu'rated' According to the register, there
were 4e3-499 adult males and 343_349 adult females (D.O.A.M.
series r ' part 35A; Gerry Boyce, pers. cornm. ). This prcduced
f requencres of 0.53-0.5g for- mares and 0 ,42_o,41 for f emares.
The excavaied sampre consisted of i42 mares and 107 femaies,
resurtinS rn frequencies cf 0.57 and 0.43 respectiver.v. Two
bincmiar tests were run, the first using the frequency of o.5g
anc the second using 0.59. The nesurts indicate that there is
nc difference between the sex ratio of the cemetery popurat.ion
and the rat,.io of f;he excavated sarnple (p= 0.g053 and C.5S99,
respectrvely).

The individual traits r4ere alsc analyzed in order to
determine the level of accu racy that each could ach.ieve.
crcss-taburations of each feature by oocumented *qex were
performed using spss-pc+ version 2.o. once again, for the
cases thal we re assessed t,w i ce , the seconci Lr i al ulas ennp I oyec.
tn the analysis because increaseci experience with the nnethocjs
and material produceo greater accuracy. The results or ihe
crosstaburations, presented in Tabre 7, suggest that, mosL cf
the pelvic criteria can be successfully employed to de:ermjne
sex' rn fact, 76% of the traits achieved revers of accu raev
wel I above the level expected due to chance a,rone.

In an effor t to assess t.he effects of age on accu racy,
the known cases were divided into t,hree age caiegories and the
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TABLE 7.
tn.--IXAl I

Sacrum shape
Ob't ur^ator foramen
Aceiabu I urr
Preauricular sulcusVeniral arc
Pubis shape
True Felvis
Scracic notch
Subpubic concavity
Il iu,n shape
Isch j opub.ic rarnusPelvic inlet
Aulicular Surface
Sac rum ( post . v.iew )Muscle rnarking"
Dorsal Fitt.ing
f sac ra i segment_c
N=49

TABLE 8.

-- ^ 
?r '^-rEA I UfiT

Subpubic ccncavity
Ischiopub-ic ramusVenfral arc
Pub'is shape
Dorsal pi tti ng
Sc r at'ic notch
Aur^icular surface
Preau;-'icu I ar _su I cusiliunn shape
Pelvic inlet-
True pel vi s
Obturatcr foramen
Acetabu I urn
Muscle markings
Sac runr
No. sacral segments
Poste r,'i cr v t ew of

sac rui.rl
ESTIMATED SEX
N

ACCURACY OF EACH PELVIC TRAIT
Yo /" oA

N CORRECT I./RONG INDETERMINATE RAIiI.

34 94. 1

32 93,8
48 91.7
.4n q,. A

38 85. g

36 s6.2
35 85.3
4q ,otr r
37 83.8
A'+J C,\. I
40 80.0
45 srt.C
49 73.5
.t+̂.r 03. z
A'

vv. U
4.a10 J5. /
?? A tv. I

QA Qo/vv . U,/O

57.2%
'7 1 tru| | . !rc
q? ao/
trn nve 2 . V/O
O7 truu / . v/O
6-
v | . J/o

vv. Urc
F 

' 
tr.vv-. J/o

7tr r1qr 'J . Wt,O

| .J . V,O
'| nn ^uI v'J . v.o

91 trer', . -t/o

42 .9%
AA As
1A -7u

ACCURACY OF

n (25

,rv

YA

I .,4

nn
AJ
q^

4n at*.L

J4}. U

2.3
tt rl

U.U

EACH TRAIT BY

n ZS-44

10 A0. 0e6
1 1 81 .8%
1 0 90.0%
1C BO.O%

A 1'7 tru
t . J/6

'l 1 81 .9,v.
1 '1 63,7%
'l 't 100 . 0%
1 0 1 00.0%
1 0 1 00.0%
7 100.0%
.q q'l Eo,I . Jfr

1'l 1AA.0,"6
1 1 63.7%
I '1 00. 0%
Tnnu'vtvrc

10 70.o%

1 1 100.016
N=1.l

AGE CATEGORY

n 45*

16 81 .39.
1tr Q2 avvu r J/o

17 94.1'/6
1F '*'7 trvv t . J/o
'1 1 ?A Avv v , +/O
,A a,1 -?uu_. t,,O
./t / l 10/t!.;/o

2A .eo Eu,Js ! 9/O

21 ci 10/!,v I t o

23 73.9%
{ A ^.:f ! at.C:'d

lrt |00.0%
25 8e.o%
22 58.9%
15 ':OO.Ae6
16 A ?ov . -/O21 71 .5%x

26 96. ?e6

N_-26

?n

1.\J
na,

11.0
aA at+.{

'In 0

i 4.0
rc. u

t1.5
U.U

+U. Y
c^ -u+. t5

'l

L

A

5

'7

1n
IJ
tl

It
1?
1,1

tc
tn
11
t/

'7

b

a

a

1

i)

o

Fl. e1:vv ,Ji.Jto

i,-^t\-c

* Statist,icai 1y sign jf icant



62cross-tabulations were rerun. Ii has been proposed thai sc,flefeatures, such as the ventral arc, do nct becorne disirnctlve
untir the third decade (su*-rerrand and Suchey, 1gg7), whireotners, such as the subpubic concavity, the preaurrcular
sulcus and corsal pittrng rose the.i r characteristic
appeararlces with age (Tague, lgeg; Kerrey, 1g7g). The ageca:egories' therefore, wer,-e creat,eci witn these facts in rnindfo rsolate t,he affects of age_relat,ed expressions of airait
on accuracy. The fi rst grouping, which encompasses tne
9r^cwtng period, consisted of adult*s younger t,han twenty_frveyears' By age twenty-five, t,he iriac crest has fused (Krogman
ani igcan ' r 9g6 ) ' the femar e ventrar arc has fcrmed
( suther-r and and suchey, 1gg7 ) and the superi cr borde,- cf thepub.ic symphvs'is is complet,ing i'Ls growth (Tague, rggg).

ihe second civision was comprised of indrvicuars aged
twent'y-s i 'x to forty-f our. rh i s category encornpasses those wnohad completed growth but, had not yet experiencec signifrcantvisual age-related bcne degeneration.

The f inal group were f orty_f .jve years and older By t,hispoint c.ist''inct degener-at'ive changes can be seen on the pubrs(ToCC, 192O; Suchey ei rl., lggg) and auricular sur-face(Lovejoy ei al., 1S85) and obl iteration of dorsal pitt.ing andthe preauricular sulcus has begun (Kel1ey, .l 979 ).
Table E represents the results of an SpSS pC+ versron 2.0cros-qtabulation cf K.nown se.x by each criterton, based upon thetnree age rJivisicns outlrned above. A ch i -square t,esr,
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( p'=0 ' 27 3) i nd i cates rhat there was no stat i si,.ica r r y
sign'if icant dif ference between t,he reve'rs of accu racy acnreved'in any of the three age categories, despite a percervecj
paEtern which suggests that estimated sex is most, accur^ar,e for
tne t,weniy_f i ve to forty_fcur^ year category. It shoulC be
r'lof,ec, however, tha+- the sanple sizes in this anarysis were
smal l ' perhaps a larger sanpre wcuri prccuce statistrcal rv
s'i 9n i f r canr-- resu I ts .

s'jmi'rar ly, despit,e r.he appar-ent age_reraied increase rn
accuracy of fcur cf the criteria, a Fisher,s exect prcbabi I ity,
te-qt indicates Lhaz this pattern .is s.ign.ificant onry r,n trre
case of the posterior view of the sacrum (p=0.031). Tne
observed decrease rn accLjrac,/ with age of the suopublc
concavrty and cjcrsal p.it,t.ing feat,ures are l.ikerryjse
nonsisniticanr.

Accuracy and precis.jcn are egually as important,
Table g represents the combined, overall ranking for the
list' The significance of ti-rese resurts are discussed
i n Chapte r,- 5 .

Slocks of cr^iteria were also analyzed fcr their
collective effectiveness as sex ind.icat,ors. Two by twctables, controliing for dccumented sex, of al.i possrble
combinations of criteria vrere performed using spss pc+. Tneprobabirity of assigning the correct sex tc a case, based upcn
the ccmbineci resurt,s of t,wo criteria was cetermrned.in the

+l^',^gI;L;>

f ra i +

full_,-

fo1 lowing manner. If boih t,rar is i ndi cated mal e , the sex



TABLE 9. THE EFFECTIVENESS RANKTNG OF
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THE PELVIC TRAITS

IXAl I

Ventral arc

Obtu rat,or f orai.nen

True pelvis

Sacrum shape

Subpubic concnv.irrz

Pubjs shape

Muscle markings

Dorsal p'jtti ng

Acetabu I um

Preauricular sulcus

Sacrum (post. view)

Sciatic notch

I I 'ium shape

* sacral segments

Pelvic inlet
Ischiopubic ramus

Auricular surface

ACCURACY
RANK

f.1-^L.r ^ a\ rc,i.Jte I

7

J
I

It

to

A

1A

e

ln

1-tl

il

,,: .l

l?

PRECISION
RANK

(Tah'lo <lv !)

1

5

1

ln

5

1

'l

1l

Itr

12

1n

IJ

't5

OVERA L L
RANi\

1

4

E

1n

tL'

1)

T/

1A

ll

TOTA L

a

tl

1A

tn

'l -7

17

IJ

'lo

20

/t I

22

26



esttmate was male.
05

Similarly, if both tra.its rndicatec
female, tne sex estimate was female. If one indicatecj male
ano one was indeterminate, the sex est'imate was mare, and so
on' The probab'i r ity of achieving a correct sex assignrnent
using this method was calculat,ed by d.ivjdinS the number of
correcf; sex estimaf;e_s (when compared tc Cocumented sex) by the
total number of estimares.

For example, when the ventrar arc ano the true pervis are
useC in combjnation, ihe probabi l.ity of est.imatjng ,,male., 

when
t,he indjviCual was in fact male was 23/23 or 1.0
{Pln/ma1el=23/23= r .o) . The prcbabi r itv of est,.imat.ing,,femare,,
vrhen the act,ual sex was female was g/1A or O.gC
( FIf,zfe,nal e] =9 / 1 A=C. 9O ) . The probabi 1 ity of making no
decision (perhaps one cr.iterion suggesteC,,male,, the ctner"female" or both were ,,indeterrninate,,) 

when the ind.ividual was
actual ly female was 1/10 or O. j0 (pl?/f enalel =1/ ja=0. jC).
Therefore, the probabi I i ty of a correct answer was the
probabi r it'v of estimat'ing nare when the case was rnar" pius theprcbabilitv of est"imating femare when the case was fernaie,
drvided bv two ( ipIm/mare] + pIf,/femare] i / 2). rn th.is
example, prcbabi l.jcy of making a correct estii.nate was O.g5([t 'o + o'90] /z =c.95) and the probabiritv of making nodecisjon was O.05 ( t0. t0+Ol /Z). If error_s occui^, the
probabi l'ity of error is carcurated in the same manner as the
prcbabi I ity of correct or indeterminate cases.

Since the criginal method of analysis (each crrtericn



having equal weight w'if,h rhe maior"ity decision defin'ing the

sex) profluced an accuracy level of 95.9%, comb-lnations which

generate probabi I i t'ies under O. 95 are I ess ef f ecti ve than the

or^igina'l technique and wi I I not, therefore, be presented.

Tabl e 10 I i sts t,he probabi I i t'ies equal to or greater than

Table 1O demonstrafes that sorne criterta were more useful

than cthers and that they reappeared i n var'l ous comb"i nat i ons '

In an effort to i ncrease the probabi 1 i ty cf obtai ni ng a

correc1 answer, cornbinations of three were considered. Only

those features wh'jch produced good result*s in the combinations

of twc, were chosen f or i ncorpcrati on 'into *"he ccmbi nati ons. of

th ree .

None cf t,hese comb.inations managed tc exceed the h'i ghest

probabi I ity obtained using the combinations of two (0.9e for

Obturator f oramen /Yent,ral arc ) . Table 1f indicat,es the

combinations of three which produced the highest probab'i l'ities

of achieving a correct sex est,imation.

Cne I ast at.;empt to i ncrease the prcbabi l: ty cf

estimat,ing Sex ccrrectly was made. Table 1f indicat,es thar

only two combina+,ions cf three criteria producei prcbabi I ities

of O. 96 . They were: pubi s shape/ subpubi c concav ir'y /

acetabulunn and pubis shape/ ventral arc/ acetabulum. It was

decided *"o cornbine these fcur characteristics and to run ?^n

SPSS-PC+ v2.A cr^cssiabu I ati on of the combi nai,i on ccntrol I t ng

f or documented se)<. The resul t was a prcbabi I i ty of O ' 96 of
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TABLE 1 O.

COMB I NAT IOI'J

Obturatcr foramen,/Ven+-ral arc
Obturafor fcramen/T rue pe1 v i s
Pubrs shape/Acetabulum shape
Ventral arc/True pelvis
Obtu r^at-or foranenij I ium shape
Sacrum shape/Subpubi c concav.ity
True pel vi s,/Subpubi c ccncavi ty
Sacrum shapeT/Acetaou I um shape
Sacrum shape,/Ventral arc
Sacrum shape/Pubis shape
AcetabuI um shape/T rue peI vi s

PROBABILITY CF ESTIMATING SEX CCRRECTLY

PRCBABILITY PRCBABIL]TY PROSABiLITY
CORRECT NO DECISION ERRCR

^- OA

h- OO

n- OA

^- Oq

^- Oq

n- CG

n- Oq

OA

n- Oq

^- OA

n- A,

n-t) {t

n- r-r(

TABLE 1 1

COMB I NAT ION

Pu bshape,/Su bpu b,/Acetabu I um

Pubshape /Yenarc/ Acetabu I um

Obf cr,/Subpub,/True pel vi s
Obfo r /Y enar c / AceLebu I um

Obf or /Yenarc/Pub'js shape
Venarc/Subpub,/Sac r-um shape
Venarc/Subpub/True pel vi s
Pubshape /Subpub/ Sacrum shape
Acetab/Subpu b,zSac rurn shaoe
Truepel /Subpub/ Sacrum shape
Pubshape /Subpub/ True pel vr s
Acetab/Subpub /f rue pe'l v r s
Acetab/Venarc/Sac rum shape
Pubshape /V enarc / Sacrurn shaoe
Pub-shape / AceLab/ Sacrum shape

PROBABILITY OF ESTIMATING SEX CORRECTLY
COMBINATIONS OF THREE CRITERIA

PROBABILiTY PROBABILITY PROBABILITY
CORRECT NO DECISION E-ROR

P-

P_

v-

P-

F-

v-

P-

v-

n-P-

P-

n-

P-.

96

96

:rc

95

95

95

;;
95

95

95

95

95

95

95

.UL

n11

tln

it5

|^'a

tlA

llh

{rh
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2nestimating sex, correct-'ly w'ith a c.04 probabi I ity of nrak.ing

error.

All analyses of the Phen'ice (is69) criteria were

perf ormed i n conjuncticn wi +-h those cescri bec above. The

lssues surrounding the ventral arc, subpubic ccncavrry anc

ischiopub,ic ramus r-aised in the intrcductjon to this chaot,er

are addressed in Chapter 5.

S'jm'j I ar1y, the dr rection of error was assessed r-hrcugir an

examination of the incorrect sex assignrnents in conjunci.ton

wi th t,he anal yses perf ormed above. D'iscussion of ihe resul ts
can be found in Chapter 5.

3.3 GROUP SEX:
EMPLOY]NG THE BONES OF THE SKULL TO
ASSESS THE SEX OF HUMAN SKELETAL REMAINS

3.3. 1 INTRODUCTION

As Keen (1950: 65) observed, determining the sex of a

s'ingle skul I f rom a forensic case may prove to be d'if f icult.
Evrdence of sex from the skull is indirect ano as a resulr.
Sex-rela-ued feat.rrr'-cq ri;cn12v a wide range of variat,ion both

wtthin anc between populat,icns (Acsdd'i and Nemesreri, 1g7a;

l.ieen, 1950; Kregman and f gcan, 19g6; St. Hoyrne and f gcan,

1989; s1:eele and Bramblett, 1989; Ubelaker, 1994; workshop of
Eurooean Anthropol ogi sts, 1 g8o ) . si nce many of the crani al

features emp I oyed to de+-ermi ne sex are associ at,ed wi t,h general

size and muscularit'i, est,abl ish'jng t,he sex of an .inili'ricua'l

skull is erceedingly problemat,ic unless t,he soecirnen exh.ibits



69

extreme versions of the char^acteristics (Keen, 1950).

A researcner attemct'jnE to Ceterrnine sex frorn a Eroup of

skulls is in a much beiter position than a researcher trying

to cetermine the sex of an indiv'idual skul I , since (s)he wcu'ld

be able tc cbserve a large num3er of inCividuals and

ccnsequently, wouiC have a beLtelidea of the excecieC range

of vall ati on .

Since size is an 'importanL factor in Sex Cererm-rnaf,lon

f rcm the skul I , there wi'l 1 be a certat n amount of overl ap

between male anC fema'le expressions of a feature in an'y

popu'lation and, therefore, there will be a s',*rall proportion of

cases f or whi ch sex cannoi accuratel y be ascertai ned ( Stev;ar-",

1g52). When one is ernplcylng a morphclogical trait list, -uhe

-inde-'ermt nate cases wi'1 I I i kel y exhi b'it some f ear-ures

asscciateci with rna'les and Some with females. Under Sucn

c'i rcumsf,ances, it is necesSary to know upcn which f eatures one

shculci rely.

unfortunately, as indicated previously, weight'lngs

ceveloped in the pas-u appear to have been a matter of personal

n rofa ra^aavr v, e Acccrding to S+-. l':oyme anc I;can, -'l)€

dis',r'ibut'ions of many cranial criteria have nevei- De€n

reported fcr indivrduals cf known sex oi^ race and the

differences rxflich we have come tc rely upon, "fr?Y s'impl,v

reflec'- cur- stei-eo'uypes" (Si. Hcyme and T9can, 1999: 71).

Tn.is study contr^ioutes to our uncerst,and.ing of cran:al

rncrphalcgical sex characteristics by addressing tne fo11or^ring
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i ssues:

( 1 ) Whaf; levels of accuracy and re I i ab'i 'l i ty can be ach i eved

of cranial featur-es.?us I ng a comp rehens.j ve I .i st
(2) Wh'ich cljterion/crjLeria i s/are ihe rnosf accurate and

(3)

rel iable?

Dces this methcd of assessing sex procuce a bias, ani if
sc, in which d.i recticn is the err-ar?

3.3.2 THE TR,AIT LIST

The f eatures chosen f ar exami nat.ion i n th i s stucy wei^e

compi leci f rom tr^ait l.jst,s produced by many pnysica,r
anthropclogi sts i ncl udi nq: Bass, 1937; El-i.la.jjar^ and
Mcb/illiams, t97g; Hrdlicka (stervart, 1952): koan J O:n.

, t J JV I

Krogman ani rgcan, 'i9g6; Meindr et ar . , j gg5; slewar+-, .r 979.
Sevenf,een traits representing both the calvarium ancj the face
were chosen. A copy of the cata sheet emp'royed is presented
tn Table 1Z (see also Figure 10). Features were scored as
eithei "rilale", "ferna'le" or',indeterminate,,.

3 . 3. 3 LITERATiJRE R=VI E,ri

As'indica+-ec above, most. of the phys.icar anthrcpcrogisi_s
whose reccmnlenciat,ions were taken inlo ccnsiceraiion during r,he

develcpment of Ehe crania,'r t,rait r ist, have varrousiy ranked
t,he features present,ed here. These rankings are drsprayed in
Table 13. B)v exarnining the I iterafure cn c?anicfacial growif.r,
it should be possible to predict the most accuraie featureis)
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TABLE 12.
GROUP/CASE:
BUR IA L
CONDITION
OBSERVER
SEX

VISUAL SEX DETERMINATION OF THE ADULT SKULL
DATE:
LOCATION:

GENERAL SIZE
ARCHITECTURE

FOREHEAD sf,eeper, less

FRONTAL EMINENCES

MALE
1 arge & rugged

r^r rnai

smal I

lzraa: u, Je

FEMALE
smal I ai'lci smooth

r.rtrnnari Fr''i '

1a-ta| 4r J!

smal I mediurn

hial,rar "l-
rli :'ilEI r lC. I 5el
marg i ns

SUPRAORBITAL med
RIDGES

ORBITS squared, loler, smal Ier
rounded margi ns

NASAL APERTURE h,igher , narrower
snarp rnarg l ns

NASALS larger, form sharp angle at
miciline

MALARS heavier, more lateral
archeC, muscle maf^ked

ly

ZYGOMATIC post,eri or end extrencs ascrest past ext. aud. meatus

PARIETAL EMTNENCES smal I

MASTOID medium tc iarge

der, rcunded
marg 1 ns

smal 'ler, Iv'jcjer
al juncture

angre

rounced,
sharp

'I cwer, wi

OCCIPITAL AREA mai^ked

OCCIPITAL CONDYLES

PALATE I arger,
U- snaped

TCOTH SIZE larger, Mi 5 cusp

MANDIBLE larger, higher symphysis
broacer ascending ramus, gonial angle<125, gcn.ial angle flares

I i Sht, more compressed
smooth

pcstertor end does not,
extend as far

1 arge

sma I I to med'i urn

prot,uberances ncl
rnarkeC

smal I

srnai 1, parabol ic shape

smal ler'

sma,'1 l, iolver c3rporai
and ramal dinrensicns,

gonial a;rg1e >125, gcniai
angle dces nct flare

rounded

musc I e
lines
1 arge

b roade r

CHIN FCRM square



MALE -Iarge, rugged FEMALE --sma11

chin is
rounded

rounded
forehead
sma1ler. nasals

rounded, higher
orbits
low, wide
nasal aperture

smaller more
compressed malars

gonial angle
not flare

steep
forehead
Iarger
nasals

square
orbits
igh, narrow

nasal aperture

larger, nore
aterally arched

malars

a1 angle
flares
larger, higher

I
| ^hi -

synPhYsis
is

re

larqe frodtal
\eminenc/es

Iarge
ridge " \---, \

1
q

)-^, cipita
ruberance
well markr9e

mastoid

zygomatic root
extends beyond
ext. aud. meatus

not

gonial angle
greater than 125

,],^",,rr;:,
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TABLE 13. RANKII.JG OF SKULL SEX CRITERIA
ACCORDING TO FIVE PHYSICAL ANTHROPCLOGISTS

RANK. KROGMAN Ar',rD TECAN ( 1986 ) RANK METNDL ET AL. ( 1g8s )

'l . General size, archtteciure 1. .overal I rugcsrif)/ of
occi pi tai , mastoi d, zygcma:i c

') crrnr2Arhif =l rirl ooqlsvrsvr,rvJvv

2. rnasio'ic si:e

2 , re I at i ve dept-h cf
mand i bul ar rai'nr ,

mo rpho I og,u of ch i n ,

deg ree of gon'i a I e'ie rs'l cn

3. size of teeth and calat'e

4. rugosity of occipita.l region 4. size of pi,erygorcj p.lates

5. si ze and shape of malars 5. supraor^brtal r^idges

6. orbit shape and size

7, rnand'ible shape

8. pai ate shape ano -s i ze

RANK HRDLICKA ( 1 952 )

6. f ronta'l pt of t le

EL-NAJJAR AND
MCWILLIAMS (1979)

STEI.'A.RT ( 1979 )

1. general srze 1. supraorbrial riiges 1. orbiial borcers

2. supraorbital 2. orbital borders 2. supraorbital
ri dges rr oges

3. masto.icj si:e 3. he'ight of 3. mastoid size
mandi bul ar body

4 . rugos i ty of occ i p'i ta I 4. rugcs i t,;r cf
and iemporal region ccciPilat

-- ^: ^^t E-< tuii

5. zygomatic arch srze 5' malal^ snape
-n-l o i -aar :U >l-s

6. malar shape ano size 6. cnin shape

7 . a I veo I ar arch and teet,i'r s'i ze

8. mandi ble shaoe

9. palate shaoe ano si:e

1 0. base of skul I

1 1 . faci al physi ogncmy
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f cr- deter mi n i ng sex f rom the sku I 'l and t,c tes! both in'is
prediction and the aco\/e rankings. According tc rnany

researchers, sexual dimorphism of the skul I is vrsible largely

as Cifferences in t,he size of various features (Acsddi anc

Nemeskeli , 197L.t; Bass, 1987; Brothwell, 198i; El-Na:.jar and

Mctrli'l iar,rs, 1979; Krogman and fgcan, 1996; St. Hoyme and f-scan,

19i19; Steele ani Brambleit,, 198,3; S'Lewart, i979; Ube,lax€:,

'1984; blorkshop cf European Ant,hropoiogists, 193r1 ). l,1ost of

t,hese si ze differences result from the Cifferential length i

the growrng pericd cf males ancj females.

Infan*,- facial features, regardless of sex, can be

characterized as fol leyrs: nose is shcrt, rcunCeC, pug-i ixe;

nasal cricjge is low; nasal prof i le is concave; fcrehead 'is

bulbous and upr^ight,; cheexbones are prornjnent,; face is f iai

and eyes a;^e wiie set (Enlcw, '1983). As the face oegins to

grcw, changes 'in dimensions and proportions cccur. The longer

'uhe period of growth, the more pronounceC t,hese changes wi I I

be. Female facial features experience a reductron jn gr,-owth

rate beginning arounc'-he -unrrteenlh yea:,- of life; maruraticn

i s ccmp I eted socn af terward. At f,he same ti me, mal es enter^ a

growt,h spurt which ccnt'inues througn adclescence lvit-h

marurat'1on ccmplef,ed in early adulthood (Enlol.r, I933; En1ow,

1 975 ; Gcl dstei n, i 935 ; Nanda, 1 955; St. Hcyme anC fgcan,

1989). The difference in the duration of the growtn perioC is

e general phenoi'nenon, which varies slish+-ly beiween ir-.iivic-

uals. Thus, larger feaaures a?e general ly characteristic of
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mal es, buf, a certai n announr of o,,er1ap .is i nevi t.abr e. one

might, lherefcre, expect, to see sign.jficant sexual ciffer-enf.j_
ation only in feaiures which must undergo a ccnsideracle
increase in size and which dc so over a long period cf tirne,
t'hereby al,lorving the effecis cf +,he male growih spurt, to ccme

r nfo olay .

In orcer to generate sorne hypctheses concern,- i.lE t,ne --rar i
lisi employed in this slud;2, it .is necessary to exam_ine the
faccor s rvhrch are responsib'le for t,he f inal acult ccnf rgur_
at, i on cf each f eatu re . The du rat i on of g rcwth ano t,he

ceveloprrental patterns of the individual characterisircs are
outl ined celow.

The initial irnpress'1on of the sex ef a particular skur r

is usualIy baseci uoon genera'l s-i ze and architecture. A 1arge,
ruggeo cranlum suggests tne 'indivrdual is maie, whi le a smai 1,
graci le cranium suggests female. rn an effort, t,o ietermine
whether sexual drmorphrsm in crania'l size actual'l y occurs, and
to establ 'ish at what pci nt i t, f i r-st becomes measurabl e,
Baughan and Dernirjian (i979) exarnined the cranial iengtr ar,a

wrdt'h anc the staiure of 73 g.i rls aged o to i 5 years and 4i
boys agec 1c to 18 years. They disccvered tirat, e.,/er1 prrcr tc
puoert,y girls have a smal rer cranium, both absoiutellu anc, in
relat'ion t,o stature, than bo\/s of the same age. rn aciiiion,
t,he aut'hors report a spurt in craniar growth fcr boys, vrhich
was nct evrdent, in giris, ane they indicate that rhrs spuf t
contributes ro acult sexual cirnorphism (Baugnan and Dennrr.j.ran,
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Suschang €-u al . ( 1983 ) er:arni ned 2e' mal es anC 25

females betleen 4 and 16 years of age and t,hey also found rhat

rnales exhibit qreater relattve qrowt,h lhan females.

Whether the shu.l I ccnti nues lo i ncrease i n si ze thrcuql^r-

out one's life-uime is still nof, clear. Goldstein (1936j

reports an overa'l I iecrease with age in the cimens'icns he

exa:ni ned. On the ct,her i-rand, Baer ( 195S ) f ouncj a si gni f i cant

'increase in i'nale facial dimensions rn lhe tn'i rci iecaie but-

found no significai'rt increase in either ma'le neurocranial cr

female craniofac.ial dimensions. Tal lgren ( 1974) exanjnec 32

Finnish women aged 20-73 years over a per-ioci cf 15 years and

f ound no ev'i Cence f or -s i gn i f .icant, cha*nges i n measu renrents of

the cranial vault and cranial base. Yet israel (i98'1 ; 1973)

discovered continuec, although non-utrifcrm, e;<pansion of the

cranicfacial ske'le*r-cn throughout aCult life. H'is research cn

26 ma I es and 26 f ema I es bet-ween the ages cf 24 .9 and 7 e . I

years jndica+-es that sella turcica, frontal sinus anc the

skull 'uables rernodel a: a rate tw'jce thai of anterior-pos-

tericr sl<u'l I diamet,er ancj ihat this pairern is evrjdent in bctr,-

males and females ( Israel , 1 99j ).

Theref cre, the ca-ue support the use qf gere:^ai si:e anc

archt+-ecture tc estaolish a first irncression, hcwe..zer, f;ire

I jteraf,ure alsc suEges-us tha'u cne must tai<e age intc consider-

ation wiren ennplcying these features. if f,he cranium continues

to g j'^cw throughcu+- adulr- I ife, then an clcjer femaie m.ighi

approxirnate a younger male in general size, and the unrvary
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observer coulC m'isclassify the individual .

Tne si ze of the f rcntal erni nences and supracroi tai rl C-ces

and the shape cf t,he forehead are al I ciependent upon the same

pnccess for their final adult form. Acccrdrng to Enlcw

(1983), groivth ai the inner table of ihe fronLal ceases at aqe

five or six, as grcwth cf the frontal lobe'is ccmpletec. yei,

the outer table is part, of f,he nasonra;?.i I lar y ccmplex anc as

such , ccnt i nues tc remoce'i outwarc unl. i I nasa 1 g rcwrn siops

some years later. since the nasal area of ilre female ccm-

pletes its growth several years before that, of the male, Llrere

is less separation between t,he 'inner and ouier tabres ('ibid).
Greater separati cn cf these Labl es 'in ihe mal e , resu I !s i n 4

i arger f rontal s'jnus as rvel I as greater protuberance of t,he

supraorb'ital ri iges. rn acc i ti cn, the antrercl ateral sur^f ace

of the orbit,al rcof is resorptive wh'i le tne curaneous surface

of the supraorbital ridge is depository. These factcrs
ccmbine tc create a protrusive supericr orb.jtal rirn (Enlcw.

1q7E\ The f creheao i -q al so parf, of ihe nascmax i I 'larv

cornpiex, wh'icn rs displaceo icwnward and fcrlard f rom the

cal vari urn duri ng grorvtn ( i bi d ) rlonsequerl-..1 y, the mal e f creheai

changes f rom t,he bu jbcus, upi isht, infant,i le snape t,o a steeper

and I ess rcuncjed f orm ( En I ow, 1 -qB3 ) .

Gr^owth in the nascmax.illary region las:s
than i n f ernal es, but, growth of the i nner tebl e

app rox i mare 1 y t,he same aEe . Tho rofn ra

lnnno- in m=r-^^r9,r:ts, tlt illGl=!

iq rTmnia-or{ a-

iha nnmn i aw a€vvrIP , v/\

-irtr-c e: ?a =..riI lv:
f eatures; f rcnt-al enrt nence and sucraorbi tal
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conr-{ si<el,cf.e'i evidence for theJvvu

Enlow (1975) notes that |he nasal and jar,v regions grorv

f ast,er anci tc a q i^ea-Ler extent than the orbi +-s and sof r-

Lissues and as a result, adult eyes appear smaller than infant,

eyes, ,ir'l pf-oporiion to tlre rest of the face. Since male

fea+-ures gacw f:r- a icr:ger perioc r-la-r1 female fe:r-ures, the

f emal e crbi +-s apcear to be I arger and tc be I ocated hi gher i n

the f ace !ha;"r tne mal e orbi ts. Aoai ti onal I y, the en I arEec

male supracrbit,ai ridges Cecrease orbital heiglrt sl ishtly (St.

Hoyme and Tgcan, 1939), adding tc the irnpression that, ,"nale

cr bi ts are squareC, sr luated I ower i n the f ace and srnal I er

than t,hcse of t,he fennale.

The characteristic size and shape of the crbits a.e

subject t,o the ccnf igura'-ion of the rest cf the skul l. Tney

appear to be 1 arge r ar srna'l I er depencj i ng upon ihe I ength of

the face. the degree of forehead sioprng and the size of the

supraorbiial ridges. Rather lhan beinq Lanqible features.

they are merely 'imcressicns. As such, orbital size and shape

riray be useful in t,ypical cases but will probably nct be

helpful in borderl ine individuals.
The orbit, ioes not require a large increase 'in srze rn

crder 1:c acccmrncda+-e the growi ng eye anC i ts surrouncii ng

tissues ( Enlow, 1975 ). In contrast, the maxi'l la undergces

significant reia--ive growth (Buschang et al., 1983a; BuscnanE

ef ?l , .1 983b; Enlcw, 1975; Goldstein, 1936) Thrrc aa t ha
ll,uv t
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ma-x'i I la i-s displaced downward and t,he crb'itai f loor (part of

the maxt I la) drif ts with 'if , the orbii becomes unnecessarr I'r

1arge. in crder to compensate for this cjrift ancj to maintain

the proper orbi tal si ze, the orb'it,al f locr depcsi rs Done

( Enl ow, 1 975 ) . Consequentl y, the fl oor of the nasal aperture,

or igina'l ly very clcse to the f loor of the orbit, 'is almosf

twice t,he distance fr,-cm the orbital floor by the time growl--h

is como'leted (:bid). Since the durat'ion of gr owth in -lhis
region rs greater for males, the nasal aperture wi I I be

'longer, yet the simult,aneous forwarC projection of ihe nasa'l

region, wi1l cause the aperture to be situated higher on the

male face than on lhe female face.

Nasal aperture form is, therefore, the result, of cownwarc

anC forward growth of fhe nasomax'i IIary regicn. Since a

significant amcun+. cf growth occurs in this area anC tire

duration of growth is longer in males, this feature shoulC be

fairly useful'in skeletal sex deter^minat'icn.

Sexual dimorphism in nasal shape and form are alsc tne

result of size djfferences. The nasals are usuai iy larger in

males due to t,he extended curation of cranicfacial qrcwth.

Itlasal form results from the pattern of in'teraction cf twc

structures adjacen; to the nasal bones. The rnalar reg'lcn

becomes relcca+-eC posterioriy while the adjacent nasa'l region

of the maxi'l la enlarges anterioriy, resuliing in a prctrustve

nose (inlow, 1975). Since the nasals 'increase in length bu:

grow very l'jltle in wiit,h ( ibiC), rhey must gradual ly form a
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shar-per angle in the micl ine 'in order to comcensare for the

Civergent growth in t,he surrcunding regions.

In order for t,his fealure to be re1iab1e, growth occur-

rrng in the malar and maxillary regicns mus+- consisientl:,,

inieract in such a way that pressure, created by the c'ivergin3

pat,t,erns of growth, causes the nasals to bend in t,he ,miCl ine.

Tfre shape cf;ne nasal bones is, therefore, depenient upon twc

differ^ent systems ir': order to become manifest, and, fcr this
reascn, nasal shape will probably no1: be the mosl: useftil

crifericn.

As ind'icated above, the malar becomes relocat,ed

pcsteriorly during grcwth. The zygomat.ic arch moves lateraliy
by rescrptjcn on the medial s'jde, withjn the t,emporal fossa,

anci by cjeposit'icn on the lateral surface (En jow, 1975). Thus

the temporal fossa enlarges whi le the malar remajns

proport,ionately broad in relation to the face, jaw size, and

masticatory musculature ( ibid). Due to the extenCeC growth of
ihe male facial skeleton, the malars are larger and the

zygomat.'jc arches d i spl acec rnore I ateral I y than the correscon-

d'rng st,r uctures in females. Dependent, almos+- solely cn

differences in the durat'ion of the male anC female growEn

perioci, malar shape w'i I I probably be useful in al I cases

except those thar are borderline.

Keen ( 195C) observed a Cifference between the form of the

pcsterior roct of the zygcmatic of males and females. In

males, the root 'is continuous wit,h Lhe supramastoiC crest,
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wh i ch then becomes part of t,he temporal I r ne. He i nd.icates

t,hat this feature is cepenCent upon the mast,icaloi'y apparat,us,

specif ical ly, the development, of the temporal'is muscle ( ibid).

St. Hoyme and fgcan (1989) suggest t,hat this fear-ure is a

reflecticn of greaier rnale robusticity, which can be se€r''r

elsewhere in the skelet,on. This feature wi I I only be rel iable

if the sample under exam'inaticn exhibits sexuaily dimorchic

rcbusticity. In t,ypically' graci'le or robust pcpulaticns,

sexual differences of the pcslerior rcol of the zf ecttta*ric vti I I

not be significant,.

The parietal eminence is the init'ial site of ossificatton

fcr t'he parietal bone. Exain'inati on of the i nf ant sku i I

revea'ls thai the parietal is boweC outwarC, ihe eminence ceinE

the mo-qt I ateral po j nt, cn the bone. Enl ow t 1975 ) noteC ihat

as the brain expands, the bcnes of the calvarium are Cisplaced

outwardl y, and the arc cf curvature cf the whol e bcne

dec reases . Th i s process acccunts f or the 'larger f emal e

partetal eminence. The male calvarium cont'jnues to grow afler

f emal e growt,h .i s compl e'r-ei (tsaughan and Demi rj i an, 1978'i ,

consequently, it takes oi1 a flatt,er appearance and tne

pari etal emi nence beccmes I ess marked than i n f ernal e::. Gt';en

tnat some overlap wi I I occur between the length cf the gr^owing

periods of rndividual rnales and females, one can alsc ercec1:

over- I ap be*"ween rnal e and f emal e parr etal emi nence si:e. Thus,

thrs feature wi'l I likely be usefu'l on'l y in e;{trei'ne cases.

Mastcid and occioit,al conCvle si ze are ref leciicns of
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exfenCed male growth. They are continucus varjables',vhich are

recordec simpl y as sma1 I , med.jurn or large ancj are, theref :re,
hishly subject'jve criteria. If, however, a 1ar-ge samp'ie is

being exarnined, cne would have a fairly goci iCea c-: t,ne

e.rpected range cf var i at i on . Consequentl y, ihese features

wculd be rnuch rnore useful. Since -uhe St. Thomas' sample is
quite ex+-ensive, bcf;n rnes:cic and cccipital size slould
proviie signjficant conf,r^ibuiions tc crantal sex Cef,er;nina-

ticn.

Hea'zily marrrlec occipiial muscular at-t,achrnents are. or,ce

again, a reflect'jon of both perscnal muscular cevelopment anc

generai rcbusticif,y. This cr^i'uericn shoulC be as effecii.,,e as

cthe r i no 'i ces cf rcbust'i c i ti, .

The "V" princip'le, cescribed by Enlorv (.1 975i, best-

explains t,he enlar-gennent cf t,he human paiate. Ma'ry facial

bones, otr parts of bones, ha,/e a rcughl y v-shapec f crm.

During expansion, bone Ceocsiiicn occurs on the inner surface

of the "V", whi le rescrpr.ion cccurs on the ouier. Movenner^t r-s

tcward the vride enc of tne "\i". Tnus, bclh dispIacer"nen*- a,:ci

en-'largernenf; occur. Sucn is the case lv'itn fhe paia*_=. As it

enlarges, it, alsc wricens (ibid). Grcwth in +ul,r€ nasoma.xiltalt

regi on ccnti nues several yeai^s I onger r n mal es than i n f e;lal es

(Enlcr./, 1983). Thus, *rhe ma,re palate is both iarger anc

brcader. Due to t,he ex.tenied rnal e growi ng per.i cc, pal ar-e

snace ani si ze shoulci be qui-;e usef ul fcr cranial se;< ce:erni-

nation.
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Al though man)/ researchers rnen-ui on i,ooth si ze as a

possible s,curce cf sexual Cimorph'ism (Acsadi ancj f,{emes'ieri,

1g7C; Hrdl icka, in Stewar^t, 1952; F.rogman and fgcan, 1936;

hlorkshop of Eurcpean Anthrcpoiogists, 1 980 ), most seem t,o

agree w'i th St. l-royme and Tgcan that, "the ranEe of ov'erlap jn

si:e, sl'raoe, and ccl cr lcf teethl 'is such as to make these

feat,ures of dubious va,'iue fcr establish'ing race oi'se)."' (1-q,39:

1C\

The direct.ron of grcwt,h of the mandible -is ccmp1e,"

The young chi ld's mandrble appears tc be pointed. This
is because jt js wide, short, and rnore "V"-shaped. In
the adu1t,, the enti re 'lower jaw becomes "squared". \4ii,h
the Ce,relcpment cf the chjn, togetner with massive grcwt.h
in t.he lateral areas of the lrihedral eminence, erupticn
of the permanent dent,ition, lateral enlargement cf each
ramus, expansion of lhe mastrcatory musculature, and
flaring of the Eonial regions, the whole lcwey face takes
on a "U"-shaped configuraticn, resuiting in a consrder-
ab'ly more full appearance...in the jnfant and ycunE
child, the gonial region lies well inside (medial to)
the cheekbone. In the adul t,, Lhe posieroi nf erior ccri'ter
cf the mandible extends laterally out to the cheekbone,
or nearly so. This gives che posterior parL of lne jaw
a square appearance.

(Enlorv, i975: 6)

En'low ( i 975 ) al so notes that t,he ramus becomes pr cgi^€ss-

i vel,v- more upri ght duri ng mand"ibul ar^ devel opmeili-. l|lts

accounts f cr fl-re typical male gonial angle of 'less than 12-

degrees. Clearly, the character^istic male ma;,rdible; iarEer,

higher s;.,mphysis, broader ascending ramus and fiaring gon:ai

angle, is simply the result of continued rnale grcw:n.

Buschang et al . ( 13e3b) 'incicate that tne greatesi r^eiative
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growth of the face occuf-s in the mandible. Th.is fact,
connbined with the knowledge +.hat male cran'iofacial grcwth is
not ccrnplete unti I some years after female cranicfacial
gr cwth, sUggests f;haf t,he rnandi bl e, i ncl udi ng chi n f orm, wi I I

be exceptional'ly usef ul f ci sex determination.

rn surnmary, a re'/ i ew of t,he I i te ra+-ure ccncern i ng cran i o-

facia'l growth has led to a nunrber of predict,ions regarcing tne
accuracy cf the craniai traits ernplo-"-ec in thrs st,udy. uril.ii.le

the pelvic criteria, ihe cranial features did not fal I .into

easily disL'inguishable ca1:egolies. The suggest,ed renking rs
as fo'l lows:

General size and architecture shcu'lc be used in orcer icgain an initial impression. some indication of i-ne
expected Cegree of dimorphism vjsible in other^ i-eatures
migh'u be Sained frorn th.is.initial examination.

MOST EtrFECTIVE ManC-.ible chin for^m

SECOND MOST EFFECTIV;

Forehead, frcntal eminences and supraorbital ridges
should be considered a single point of evrdence.
PaI ate

Measures of robusticjty shculd be given
consiieratjon cnly 'if tne range cf variatjcn for.
lhe grcup can be establ rshed and the ev jdence
suggests that lhe enti re samo'le does no-u f al I intc
one of the two e.xlreme categcries. If a cursor)-
exami nal i on war rants i ., , pay spec r. 6'i attent, i cnzygomaiic roof, occipital and tempcral rnuscle
marktnES, mastoid ano occipital ccniyle s.i ze.

THiRD MOST EFFECTIVE

to +;^,-,l=

Nasal aperture Ma I ars
FOURT; NIOST EFFECTiVE

I r l 
^?LLAor LrFt0llVE

Orb i r,s Par i eta i em i nences

l.lasal s Teein
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The st-ud.ies used to generate these predictions suggest
tnat the i nherent di rection of error f or crani al sex ci-i teri a

favours females. The evidence supports ihe position Lhaf;
sexual dimorphism of t,he skul I is the result of Lhe longer
perioci of male craniofacial growth (Enlow, 1963; En'lor^r, .t 975:

Gcldstein, 1936; Nand.:, 1955; si. Hoynne and rgcan, lggg).
Thus, cne cculC expec-u border'j ine indivicjuals t,c be classif ierj
"female", simply because t,hey hac not atr-ained tne typical
rnal e si ze and aopearance. Tn'is precii cti on i s supportec by

Mei ncil et' al . ( 1 995 ) , whc observe thai f emar es iri ere rarer y

misclassified whi le males were occasional 1y mistaken for
f emal es, bui, i t conf,radi cts the f i ndi ngs cf r,{ei ss i1g r-Z) . tie

clainns ihat the iarger/smaller type of sex characLeristrcs of
the skuI'1 pr-oduce, "an irresistible temptat,ion in nany cases
to cal I doubtful specimens male,, (hleiss, jgTZ: Z4A), thereby
producrng a bias 'in farzcur of males. Meindl and ccl leagues
also note t,hat female skulls appear more male-like wiLh age

and t,hey conclude Lhat, wni le young males mrght be rn.is-._akerr for
f emal es, o'lcier- f e,nal es mi ght a'lsc be mr staken f or mar es
(Meind'l et ?1., 19S.5).

3.3.4 HYPOTHESES

It' was poss'i bre to develop three mai n hypot,heses cased
upon the cran.jal grcwfh li:erature. They are as fcliows:

1. The cranial ,morphc'lcgical approach to skeretar sex
det'erm'ination can accura+-eiy identify the sex of an incividual
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ana can produce accurate sex prof i'les cf a sampIe. Th.is

hypothesis wrll be accepted if the rnel:l-lco' has an accuracv
greater or equai io 90?6 ancj if ilre sex ratio pr oducec' f rom the
skeleLal estirnates is siatistical ly inC jstinguishable f rcrn lr-re

ratio deveiopeci frcm t,he parish records.

2. The f eat-ures cf ihe f ace are bet,ier i nc.icatcrs tnan
tne fea'.ures cf tne calvarium rn oi cer tc accept tr^r i*q

hypotnesis the facial criieria mus-u exhibii bcrii a mean

accuracY whicn is a*. leasi 1O% higher and a mean in'uracbserver
error which is at, least sed lower Lhan the fealures of the
calvarir-im

3. Any bias r'fl ihe mcrphological meihod cf crania,' sex

determinat'ion wi I I favcur females. This hyporhes.is wr I I be

Ar-nonian i -.- +qvv=v e=u | , ut't€[e a gf eaf er percentage of f emal es tnan ma'l es

were rnisclass'ifieC.

3.5 METHODS AND RESULTS

3.5.1 Data Ccllection

Cranial sex Ceierminaticn was ccnduct*ei tcwarC tne erC oi
the fcur month per iod during which data frcm tne st. Tncnias'

s'iie were ccllectec. In toial, z4s skulls were suff,icientlv
i ntact, to permi t some atiempi, at sex cecer-;ni nati on.

The crania anc mancibles rvere exarninecj in groups 6t-

apprcximately 8c-9'J. As the skulls were br,-ought intc t,he lar
by assistanls, the researcher civiced them in-uo rwo groups

based so1e1y on general si:e anc ar^chrt,eciure. once rne
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init'ial ejght.y skulls were separated .jn this manner, f,ne lhr^ee

largest and fhree sma,r lest, were exaririned in detai l. Each of
the six skul ls e>rhib'itec e.xtreme ver*aions of almost every
characferi sti c under ccnsi derat,i cn. Thus the expected range

of variat.;cn for the sample was establ.ishec, These s.ix sKul ls
remar ned ava'i I ab'le f or compari scn tn; oughout ,t-ne e.(arn.jnat,.jcn

per i oC a;id were used a::, :he s+,andarC by vll-r i ch sub.]e:t i ve

as-sess:nent.s, such as "lai-Ee", "mecj ium'or snall", brere made.

Each sku,: I was t-hen considereC indiv.rdual tv. The

crr 1:err a were observed i n the order .in whi ch they appear cn

lhe lrait, I rst. Borderl ine feaf,ures \4ere cornoarec -uo the six
extreme cases in an effor-t tc achieve clarif.ica:ion. rn sorne

instances, ihis prccess was unsuccessful and the feature was

I ef t as " 'indef ermi nate " .

Af Le r a1l lhe obse rvat i ons hac been rnade , oeCr-r

cr-itericn was given eqLial weighting and sex rvas ass.rgnec

according to the categcry (male or female) into whrch che

major i ty cf fear,ures f er l . As assessments were compret,ei, t,he

skulls were placec on t,he researcher's left if tney hac bee:l

designated femaie, a:r| cn the right,, if male. Before eacn

group was ref,urned anc ihe next ',vas brcught i n, rhe sl<ul I s

were once agai n ccmpared to one another, on the ba-sr s of
general s i ze and phys i ogncnr.v, tc deter,rnr ne whether rnev
appeared tc belcng in the divi*sron .intc which they hac Dee-
pl acec. if doubt was rai sed, t,he skr.rr r vras reassessec.

Once all cf the skulls had been analyzei, fcr.uy_nrne



tndividuals were re-examineC fcr^ dearee

error. The retested cases consisteC of
'individuals and a r^andorn se'iection of the

8E

cf i ntracbserver

sone i r:Ce-uer.'ni rre.-ue

remai ni ng skul j s.

3.3.5.2 Da+-a Analysis

Prec i s i on yras aidresseci v.t a a test, for^ i niracbserver
eri.cl^. The f crty-n t ne re-er{ai'ni ned cases t^/ere assessec f cr-

Cifference-s in cveiall sex assignmenl-s (male and fenale)
be-ulceen trials. The.e were six cisagreements, result,irrg,in
i2.2?6 error. fhis level cf intraobserver error is
unacceptably hish. ri was previously suggested t,hat one or
two uni el'iable criteria cculc acversely affect, the le,,,el cf
error of the enti re rneihoci. Theref cre, the rel -iabi I i ty of
each fea*"ure was calculatec. Table 14 Iisis ihe i,raris anc
provi des a breal<dcwn of the percentages cf al I poss.ible f orms

of di sagreements.

Although there are no extrernely hrgn levels of rriira-
cbserver errcr I t,her-e are two features tha*. exceec the
acceptable ievel cf lo%. Borh nasal apercure srze, snape anc
pl acement and crbi t s'l ze, shape ani borier- _sharpness were

found tc be unrel iacle 'in i-his st,udy. since they cn ty suipas_a

the criiica.i value by a few percentage pornLs, these problem-

af,,;c cri'ueti:t were inc-'tucec in the resi cf tr.:e anai).,sis. The
'impl icarion of incor^poracing these fear_ures rntc t,he tr-a.jt
I ist rnay be s rgriif icani, tnerefore, it wi I I be ci.:scussec ,in

Chapter 5.
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TABLE 14

TRAIT

PERCENTAGE OF EACH TYPE OF DISAGREEMENT AND
RANI^(ING OF CRITERIA ACCORDING TO THE LE,qST AMOUhIT

OF INTRAOBSERVER ERROR

Cccrpj*'al ccndyies
Toorh si ze
General si ze
Mast,or Cs
Cr rnranrhi l-a'lvev, sv , rt cges
Pari etal erni nences
Occi pi tal markr ngs
Chi n form
Mand i b'l e
Pa I ate
Mal ars
Frcntal emi nences
Fo rehead
Zygomati cs
hr ^ ^ ^ 1 ^t\d,:)ct I 5

Na-cal aperture
Orbi ts
t\l-lO

X PROPORTIOIJ OF
DI FFEREI']CE

28 .5%

42 .8,%
4/- . _e%

25 .4%
28 .57;
,4) Qu

18.3%
3C .6%
30 .6%
4.,1 '7u

3+.Ojt)
42 .870
.jU. b7o

32 .1vo
20 .3%
29. 5%

+ ERROR OF OINTRA_ RAI'JI.I
INDETERMiI.]ATE OBSERV-R

CRiTERIA ERR{)R

n

U.
C\

2.
2

A

j

A

/1

^

1n
tz.

L+
io
.^a
AA

LIJ

34
14
z+
L+

32
aAL+
26

A

'l t',

Ao,

9+
A*.

aa/

Ao/

'191

ac/

v,o
aul/o

t/o
'1 o/i/o
au
aul/o

i.E
lat/o
iolh

3)'"
4u

J

l

1

;

a
1i

A

(f
A

1,1

l4
to

a-
II

x Refers tc cisagreements bef,ween
G.it€r11p-u Lo assess t,1e c r i -uE t^ i cn i n
(prcbabIy Cue fc fr^aErnenteC nar-ure

trials that .esulted from an
only cne of fhe twc ins-"ances
of the rnaterial).

+ Refers to iisagreements belween tri
sex during one assessment but label
" i nCetermi nafe" ,

al s caused by ass i gn l ng a
I i ng Lne seccr:d ati-e.not

@ Ref e rs 1:o the ce rcent,age of cases ,

uncerwenf a reversal in sex assignment,
lwo,

for each crrterlon, -hat-
between tri al one and rri a'l
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F:aving establisi',ec the levers of reriability for each

frait, the next step was r-c establ'i*sh ihe accurecy of using
morpho'logical features of the cranium to ceterm"lne sex. one

means of assessing accuracy involveo a comparison befween f,ne

documented and estimaied sex of .uhe forty-six personal ty <ncwn

iniividuals for whom cranial material tJas avar lable. Five cf
the f c r1-,v- s i x se.". esti rnaies were i ncorrect,. Tne percenrage cr
error was thus 10.9%. By errpicying only t,he cranial iraris
desclibed above, an gg.1% level of accurac),was achievec.

Accuracy was also examineci by comparing the sex prof i'le
of the entir^e cemet,ery sample to the pr^cfile cf tne e:<cavated

sample. Before th'is analysis was uniertaken, it was necessary
fo f i r^st determ-ine which assignment of sex shoulci be emoio;,,so

for the six unciocurnented cases in which two sets of obse r.;e-
t'icns were made, and in which a discrepancy occurred. rt was

believeci that greater expertise woulc be gainec by the iime
ihe second observaticns were made, and therefore, -uhe seconc

ass'tgnmeni shoulc be ei.;rployec. This predict-ion was tesiec b:v

c rossr,aou i at'i ng kncwn sex by each tra i t a:id knoi^rl ser( 3 v

es*" i matec sex f or those cases i n wh i ch docurnentei se y. y;as

avajjable. SPSS pC+ version Z.O was used to procuce r.ne

results present,eo in Table 15 ano Figure 11.

As t,he cata fcr f i;ral est,imat,ec sex indicaie, trial 2

resu-lrs were Eener^a11y bet,ier^ than thcse fcr tr iai cne. Ten

cnaract,erisr,'ics exnib'ir-ec higner accurecy fcr t,r,^ial :wo; only
four, fcr +'rial 1; and in three cases, the le,.,els cf accurac,i



TABLE 15. COMPARIgON OF %_EgRgg L &,INDETERMTNATE AND
^^AqsENr BETwEEN_fHE prnST-aNrj SECoNo-'SEroBSERVATToNS, CAr_cuLAreo .'Fon','ercil-dHifi rXr'(N=9r

TRAITTRIAL_%%%
NO. RIGHT ERROR II.IDETENPrrI]ATE

genei^al size j ?2.2 .il 1 A^ 72 33:5 ii'.i ii.'+'
fcrehead 1 33.3 33. 3 33.42 22.? 55.6 22:2
f ronta'l emi nence i ZZ_,? 55.6 ZZ.z2 3s. 3 33.3 35: a
supracrbital ridEes 1- QQ.7 0.0 33.32 77.8 .l 1..1 r 1. l
orbits j qq.s Z2.Z z|.z2 :{3. 3 44.5 22-.2
nasa] aperture j 56.7 ZZ.Z _1 1 1z 77.7 Ti:T o.o
nasals i le q 

^4 
A r,n qz ii'."e *22'.'z 

2?'.V
rnal ars 1, g"r. I ?.,0. qq.:
zysomar i cs ; ;;. ; ,; .; ,' ,' . ,'2 77.s tt.1 ii:i
pari etal emi nences j 0.0 33.3 66 . 72 0.o 44.4 ss. o
masto'ids 1 11.1 ZZ.? 66.72 22.2 ri.l 66:i
occipital markings I 5b.6 ZZ.Z I 1.12 44.4 11.1 33.3
occipital conciyles 1_ l.! .i ZZ.Z 66.72 11.1 0.0 es.s
na'!^+^paraLe 1 44.4 44.4 11.12 55.6 22.2 22-.2
tco'uh size i li. j O.O 14.42 c.c 0.0 77'.8
maniible 1^ iq.A Z2.Z ?Z.?2 55.6 11.1 sg.3
chin form L 3_3_.Q 2?.3 44.4z 55.6 11.1 33.3
f.inal esiimateci sex 1 77.g ZZ.Z 0.02 88.e 11.1 o:o

9'1

% DATA
OF

TRAIT

O T'IATA,o uf,. h
A3S 5NT

0

C
0

0
3

0

(j

U

0
11 i

n
0

C
c

C
0

C
(l

n

11 1

11 't

\J

C

0
c

t1l ,1

22 .2

c
0

0

0
C
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rennai nei tne sarne . Thus 'it, woul ci appear that experii se r{as
gained by the Lrme the retest,s were mace. Therefore, in cases
whe re d _r sc repanc I es occu r red , the second assessment was
ernp I oyed .

i-rav jng establ isheC the val idity cf usrng rhe resulf,s of
?^;^l 

^Lrrat 2, spss pc+ version 2.a was emproyed to concuct a

binornial +-est. (see Appenci;< z. fcr descrrption). As i,ras tne
case for 1:ne assessmeni of t,ne pelvic bones, r__wo parrsh record
f requenci es b/ere car cur a'ued i n order tc acccunf f cr^ tne
possibilit."" that some of ihe individuars whose aEes dere
unreccrded were aciu I ts ,

According to t,he register, ihere were 4g3-4gg acurt mares
and 343-349 aiul: females (D.O.A.M. ser.,ies T, part 35A; Cerry
Boyce ' pers ' comrn' ) . Th i s produced frequencr es of o. 5g-c. 5g
for males ancj c.4z-o,.41 fcr femares. L,sing craniar sex
assignment cn,ry, f,he excavated sarnple consisted of 135 rnares
anc'108 females, resuiting in frequencies of o.se and o.4r,
respect'i'rely (comcared t,c c.57 anci 0.4:i fcr the pelvrs). T,,,ro

b i ncni a.r tes1:s were i^un, tire f i rs+- us i ng the dccumen._ec
frequenci' cf o.5g and ihe seconc usrns 0.59. The ;^esurfs
i nC i cat,e { p=O .4795 and p=O , 30.47 , respect iveiy ) that ther.-e r. S

no stgntf icant, Cifference be-,ween the Cocumenteci sex rai,io cf
the cemetery samcr e anc the rati o establ i shec f or ihe e.xca_
vated samc I e.

Tire indivicuai trait.s
ab"i I ity tc ref lec+- t,he sex

were also e;(amineC fc,^ their
cf the inciividual . Crcss_t,abula_



34
rrons af each feature by documented sex h,ere performed
*-s'rng SPSS FC + version 2.0. once again. tr,iar +,wc res;rrs
were emplcyed whenever a ciscrepancy between test one anc iest,
fwo resurts cccurred. Tabre 16 contains the outcome of t,he
cross-taburat'ions. These resurt,s indicat,e thar, indiviiuai i ;r,
meny of the cran'iar sex-rerated tra.its procuce revers of
accuracy onrv srishtry better than what can be e.<pectec cue tc
chance ar cne. rn f act, 53% were 'iess accu; ate than pure
chance. The jmplication of these f.iniing*" are crscussed in
Chapter 5.

Meindr et ar ' ( 1gs5) suggest. that se.x-cependent, f eatures
cf ihe -ckul I are signif icantiy affecied by ag€. In an effor t
ro assess the ef fect,s cf age on accu ! acy, ihe kncwn cases were
div'ided inio thi-ee age cat,egcr.ies anc the crcss_taburations
were rerun. The f ir^st c'ivision consistec of .individuars ress
t'han -Lwent,y-f ive years of age. s.ince mare cranicfaciar growcn
is not ccrnpleted until early aduilthoo. (Enlow, tg93; Enicvi,
1975), this category enccmpasses the grow.tng per..ioc. The nexi
division was comcrisec cf .inc.ividuar_s ageq +-rventy_fi,,e -uc

fcrty-four, anc the rasl grouD were thcse agec fo?Ly-five anc
olcer. Tabre 17 i r rustrat,es the accu,{-acy cf each trart, b:, aqe
categcr y.

once agai n, cesp i te t,he apparent age associ at,ec t,rencs.
a chi squai'-e test, revea-rs no significant iifference between
t'he levels of acc{iracy achrevec in the thr-ee age categorres
{ p=C.432 ) in add.ii'ion, a Fisher,s exaci probacilit,y test,
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f.lasal aperture
Zygoi"nar-i cs
MaI=r-q

Supraorbi tal r: cges
Ch'in form
Occipital rrarkrngs
f.lasal s
ManCtble
Mas-co i ds
Fo reireaC
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n^ 1^+^Yd I alv
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indicates that only twc indiviCual critelia, lhe zygomaftcs

and occi pi tal marki ngs, exhi bi t age-rel atej patterns of

accuracy. In bcth cases, accuracY increaseC wit,h age. Tn'is

pat,lern is ccntrary to that suggesfed by MeinCl ei al. (1915).

Since t,he accur-acy and the p.ecision cf a tratt ai e

equal I y i mpc rLanL, Tabi e '18 'i I I ust-raf;es the ccmDi ned rank ;ng

for eac|r crite:^ion. Tne significance of these fi:'lcjing-. is

full), Ciscussed in Ci'rapt-sr $.

Blocks cf criieria were also assesses fcr^ +.heir ccl'ie:-

ii ve ef f ect, I veness as ske I e*,al sex i nC i cat-crs . Two b.r' twc

f abl es , ccntrol I i ng f or CccunnenteC se)( ' of al I PCS:-:'l bl e

cornbi nati cns of cri teri a were perf ormed usi ng SPSS PC+.

The prcbabi I ity, for each combination, of es+"irnaring sex

ccrrecf,ly lvas calculated using the prcceCure previcusl y

described fcr 1:,he pelvis. The original nnethcd of anal:rsis, in

wh'ich each critericn was given equal weight, ptoducei an

accu"acy of 89.196. Therefore, f,he combination technique musL

crcduce prcbabi l'ities grealer than C.89 in orcer tc be

consiOered an incrc,r=ment. Unfortunaiely, the como'irr3.:rcn

producing i.he best results, zy'gcmatics anc rnalars, achie.''ed e

vt vsqe

in an effort, tc increase t,he probabi l'ity of cotaintng a

cori^ecf, answer. ccmcinaticns of three were considered. O:t-i y

Lhrcse cr:t,eria uriricn pr^cciuceC r-he bes: resul:s in 1,he ccm3ina-

tions cf i,arc were chosen fcr incorporaticn intc fhe conncina-

ticns of three. Onlv one ccnoinaticn, zygcmelics,'malars/
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TABLE 1 B.

I tA-L I

Supraorbital ridges
fr4asto,i ds

Mal ai's
Occ'ipital markings
Chi n fcrm
General s'1 ze

Zygomati cs

Mand i bl e

Nasal aperture
Occ'i p i ta I ccnCY 'l es

Fo reheai
Tooch si ze

Parietal erninences

Nasal s

Pal ate
F ronta I ernl nences

C,rbifs

PREC]SION
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nasal apei ture, impr^oved upon the originai method. The

prcbab'i li.,tr of achie./'i ng an accLlraLe estirnaLion using these

three crrt,er-ia was 0.91. All other combina'L'ions of rhr,'ee

resultecj in probabrlit,ies be'iow 0.83.

The d i reci,'i cn of error was assessed through an e.xam-r il

at.-ion of tne incorrect se;< 61*ssigxment,s in ccnjuiicticn wi-uh t-he

anaiyses per'crned above. Discussion of ine resul:s can ce

found in Ch;aDLe. 5.

3.4 CONCORDANCE OF PELVIC AND CRANIAL TRAITS

Bo-uh pelv'ic and cranial morphoiogica'l sex criteria wer.e

ava j lable for^ iuro hundred and th jrty-n,ine ird jviduals.

Di sagreements between the sex est'jmate produced f rorn pe.r v i c

obse.var-ions ani that produceC from crania'l observat.icns

occur rn thr r iy-one cases. Ccncordance of pelvic and cranial

sex estimaticns is B7yo. Only fcur cf t,he thirty-cne
Cisagreeing cases were personal ly ident'if ied ini'jviduals. In

al I four cases, ine pelv.ic est,innate rvas. correc: ,,.;hi le ihe

c ran i a.r es: i rna:e was no*, .



CHAPTER FOUR
4,O AGE ESTIMATION

4.1 INTRODUCTION

Ever si nce ToCi ( l -crZ0 ) f i rst derncnstratec :hai the cubr c

symphyseal f ace unce.gces regul ar age-re'latec ciianges,

anal ys'is of the puci c symphysi s has been tne pri nc j cal mei.rcc

of slrele-,ai age estirnaficn in botn paleodemography and

fcrensic anthropolcgy in North Amer^ica (Meindl ani !-c'.,ejcr-,

i989). rn f act, despite nurnercus warnings (Brooks, '1955: 5gg;

BrooKs ancj Suche;",, i 990: 237 ; Toid, i g20: 3.l4 ) , researcr,2rS

have f req'"renily r^el ied upcn on'1y the pubic sy,mphysis +"c

esiirnate sxeletal age-at,-ceath (Meindl and Love;cy, 1g.3g ).
Mei nCl and Lovejoy ( i'339 ) at,-uri bute the trusf, tra: i s p ,acec

rn t,h'js methcd to the c'larity and distinciiveness o*; scme of
r ts ear -; y age- r-e I arecj chanEes , and tc the poor^ rev i ews r,nal'

cf he r- methocs have rece i vec when put -uo f,he iesr. . rOl^

exa.,rp ie, BrcoKs ( i955 ), found t,har cranial suiure clc_sure ,,,/as

an e.<t,reme,r'l ui't rel iac'l e age incicarcr, whereas Ine cuolc

syrnpnysts t,ecnnlque produced be-uter results. Simi l ariy,
Mci.ern i i 957 ) recoinmencec ihe use of epi phl/seal ar:i s.ri,ure

clcsure, fcr incividuals o./ei j7 years, of1 .r) when ine pubic

s)/mph)vs i s was dannaged ci^ ,li s-s,. ng .

In conf,rast ic tnese earl i er
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stuc'i es , Me r nc I and
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ccl leagues ( t gB3 ) , assessec five methods of est.imating age-at-
death and iiscovered tha+- the highest ccrrelalicr-"s be,--rveen

actual and est,i maced age were generatec by summary age

(vreightec average of the resu'lts of al I of the rnethods; o.Blr),
cl inical age (a subjective seria+-icn of tne cases by sumrnary

age;0.8.2), auricular surface (0.72), dental wear (r:,.7C),

ci''an'lal s..rt'rres (0.65), pubic symphysis (a ncc.if .je,j vers:cn cf
Tccd's i192cl s.Lud:r; 0.57) and proxi,mar fernur itr.s3). Trese

resuIts suggest 'ihat more att,ention be di rectei tcwaro oiner
techniques, and that, the purbic s)rrnphysjs rnethod rs in neec of
f urther irrpi o.lements.

Fecently, Suchey anc Brcoks (Suche), et dl., lgAA) ani
sucheyr, Brcoks ani Kat.z (suchey and ?,ai:2, 1gg6) have cjevelcped

an aperoach tc pubic symphyseal age estimaticn (cne for
females and one for mares) which they bel iei,e is suDer^rof^ ro
al I previous methcds.

The objective of f,he present anaiysis was to assess the
accu rac];/ of Lhe Suche;z-Ercoks ( suchey et dl . , j geg ) anc

suche;r- {,at,z ( I ga6 ) net,hocs cf esri nnati ng age-at-oea jlh f ;.-or :ne
pubic sympnysi-q anc. sirni iarly, the accuracy of the Lcve_r a.r e-.

al. ( 1985 ) auricular surface age esr:imatron t,echri,;que. Tne

levels cf accuracy, ii'laccuracy and bias were celcu:aiec o)/

us i ng rhe rnean of each age ca1:egcr y ( as p rov r ijec c,/ -i-^.

cr i g i na l au',hcrs ) . Both sels of dat,a were then ccmpa.ec tc
tne'lr Gi'lcert-MctL.ern (tSZg) and Mcl..ern-Stervai r {1g57)
ccunlei^parts i n or^cer to est,abl i sh r";hether f;he Suchel. anc
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lacn pha-se 'jn the pub'ic nxethcds r s represented by a ra,rJe

rainer' *'han a s i ng 1e age. Because these ranges ra.rei y conf ori'n

r.o t,ne tiCy blcrcks of ages, e.g. Cecades or five,\'ear blocr,s,

ti'rat are used in sample age prcf i les, tne pirase ranges must be

coirvertec in crjer tc f it tne predefireC ca*'egories cr'+-he age

pr^cf i le. Tlrere ere rna.n)/ me*.hcd-q of mak'ing t,his conversior:
( ^^^ r^^i,^^\-\sE uG;r\s-, 1985). in this study, tne mosi SEt^aight-fcrward

melhcd of ccnversicn, which uses the mean age of each phase,

was employeC. Jackes ( 1985 ) system of pub.jc symphysi s aEe

distr^ibution was also useo. This approach invclves casting

all the cases wiihin a phase over i-;s 95?', range (2 stanca-rj

deviat,ions) by assuming that, the ages are normal ly crst-ibu:e,j

and cal cul af,i ng the prcbaci I i ty of obtai n j ng eacl^i age vii.-:ri n

the rar'rge (see Jackes I t SgS j f or methodcl cgy ) . Boti' t;rpes cf

dist,ribur-icns lvere then ccmpareo r-c the Cocu:nenieC aEe

prcfi i e .

The I evel s cf accLr i^EC'y,, 'i naccuraa;'/ anc bi as ci ':-i1€

aurl cu I a.' surf ace techn i eue were compare,J to thcse cl tire

pubic symchyseal aocrcacnes.

4.2 LITERATURE REVIE}'

4.2 . 1, PUBIC SYIIPi-i.i SEAL AGE ESTINlATJOI.J

The pu3j-c syr':rph)'seal age estima---ic't rne:hcc has unJe-gcne

constierab'le mocificaiion since ToCC (19?C) fir^s: intr^cr:ucec
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hts s_r,slem of anai;zsis ovei- seventy years ego. An in-.Jecth
+-realnent of the mccii f i ce+, i ons and the tes'::s cr tr^,ese

nnccifications is oeycnc t,he sccpe of this analysis, thus the

reaCer i s ref errec tc Jackes (.j n press ) ani Krogman anc igcan

i i 9ed ) f or greater- detai I .

Brooks ( 1 955 ) ccnduciec t.-he ear'i i est tesi cf T:cc's

apprcach. She fcuinc ihat cniy 5.1% of ihe males and 31% cf the

females i;r her sa;'nole ccr-rlC be ccrrec.-l.z assessex. -er^

plirnari'ccncern was tl're tendency of the method ia cveraEe

indiviiuals (3rocks, 1955: 539). More recent tes+-s cf irie

Tcci t,echnique conf i rm t,his f incing (Katz and Suchey, 19,36;

Meincj'1 et a'1 ., '1 eB3; Suchey ef; ai., 1r3SO), althougn i4eincl anc

ccileagr.res (1983) atsc noted that, there was a tenCencyz tc
underage 'in the f if th anC si xf;h decades. Ancther cri ti ci sn of

Tcdd's met-hod was rhe ercl usion of a nurnber- cf sympn)/ses f rcn

t,he anal ysi s because Lney Ci d not ccnicrm to hi s i ceal

pa'u-uer^ns, thus.+-he tot,al range of ncrmal variation was great,:1,

reduced (iackes, 19E5; Suchey et- ?i., ige6). in adoiticn,
scrr;€ cf +.i1€ indi.,,iduals in Todc''s samcle vJe.e of unknown a:e

arrc, ccisecuenl:''l y, esiir,a.Ees based ugcn are+-cmica-

exanlna;'lcnS rnade by Tccc Cr one cf his cci leagles were used

'l n pi ace cf acLual cccr,nentei e3o, -, f ;^ c:mpa.: sln --c

sxeleiai ly es'[ima-ueC age-ar--dea+.h (Suchey er, al. , 1gS6),

t"lcKern and Stewart, (1957) felt iirat, Tooi's iechnicue rras

toc s*,atic: thal: it was oi'lly useful cn pub'i c sym=hyses 'rrnlcr
ccnf crmed tc TcdC's ccnce3i of " Lyc i ca'l " . Theref cr^e, :.e'..
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deveicpeC a new acproacn tc pubic symphyseal aEe es+-ima-uion

r,vhich ihey bel ie'reC was more f leri ble and conseqi.jen:,'ty,

capable r--rf acccunt,ing for a grea.*-er amount of indivii.ral

vari abi I i ty. Mcilern ( 1957 ) reeortec that ihe nnethoc oroduced

:el+"er^ result,s r.han age esr-imat,es maCe froi.n epiph-vseal anC

suture c'losure i n i ncji vr iual s between 1 7 ar:C 25 years of age.

The coi'-re I al,i on rat. i c of a.tual anC esli mai-eC age was O . gS .

tsoccuef;-Appe I anc l'.,tasse; ( 1 982 ) argue tha-- ,.-ne f,t.Ke rn-

Stewart metnci pr^couces ai't a3e distribut.ion v€r;, sinilar tc

t,har of the ori gi na'1 ref erence pcpul a'u'icn ( i.i.orean u{ar cead ) .

..iackes (19e5) ag:eed uiith these finCings noting rnat it was

pcssrble lc rdentif.y the age est-imaticn techniqr"le empic.Tec by

an antnr.pc'lcgist simpl), br, the age prcf i le which is p'cducec.

The st rcng ccl i^e I at r on bet,ween est r rnated anC ec?-'ia I aqe

achreveC by l"tci.ler^n (1957) can be explained by the fact tnat,

hts tesr, sample fvas Cerrved frorn his cliginal re-erence

popu I a+-i on of Korean War iead. An acdi ti onal probl ern wi ih ine

McKern-Sieiiari metirod, ncted by Mei ncl and Lcvejoy ( l ggg ) , i s

--?t&-- -ur€ ages cf the indivicua,rs .in tne or-iginai sa,lple scan

cnllr e few decatjes (.17-51-j years but cnly sevei, .jriC.rvrcuals

were between 4a and 5C years of age ) . The h i ghes-, age

categcry i s 3S+ ',vi t,n a ,Tean of cnl y 4i years ( ptcKe,.n and

Sielart, 'l 957), Thus, rnciivicjuals clder tnan f "ifr-y years will

be signif icantiy' underagec. 'rhi le thrs presenLs a prcblern -.-cr

an)/one a*-*-empting tc estirnate dg€, 'i t, is part.;culart/ \,ie./ttg

lc reseai^chers who wish to Ll se tne age esf,irla-,-es Lc prcduce
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I if e -uables, s'ince key feat,ures cf the t,ab.le, I ife exsectancy
f or examD I e , are cepencerrl upoir t,he o'ldest aiLai nec age.

Gr'lbert {j973) cjemonsir^ated that female age frorr pubes

rvculd be underestirnaf,ei if the McKern-stewarr. ( r 957 )

technique, cevelcpec fcr nales, y/as employei to es-L-.mar:,e

fenale age-at-death, since pubic ma'[uraircn cccuf s, cn

avefage, i€n ,vear^s laler .in fei.nales. Thurs :he Giloerl ana

McKer^n (1973) rnethcc fcr^ esirrcati;rg female age-ai-ce3t,n iv.is

inf roCuced. Unfcrtu;iate'1y, Suchey ( l g79 ) fcunci a consicerao,,e
arncunt of varial-ion'1n the stage ass'ignrnenrs fcr^ thls,Tetncc
rnade by tweniy-three ph."-sl cal anchropcl og i -rt,s on lhe same

eleven female pubes. cnly 51% cf all of the age assessnnenis

nnace tvere ccrrect. desp i te -":re brcad age caieEcri es wh i cn are
part cf thi s techni que. Mcst researchers had di f f r:ul i.i es

iet-erm'in'inE vrheiher rhe ventral rampai-t was cei ng bui I *, up cr^

crcken icwn.

Han'1ha'r^a and Suzuki (197e) Cevelcpe| a i.neihci c-f

estrmating pubic age thrcugn multiple regression analysis.
tdni I e thei r t-ecnni que i s be:ler than cther cci^nDcnen:- s /si.sns
tn t,he 2A-40 yee.. r^ange (f"le:rol anci Lovejo;r. .1 ggg), iL is nci
recommenced f or use cn r nc,1 vi iual s oyer 4c ysar-s ;l- aqe

(lianihara and Suzutii, t97e;.

itlemeskeri and col I eagues ( Acsadi anci Ne;reskeri , .1 g7o )

alsc developec a merhcd cf esiimacing age-ai,-death frcrn r.n-a

publc svmphys'1s. Sfuiies incica'-e that tilis aocrcach 3sses-s3s

too many i ncii vi dual s at :et,ween 45 anc 60 years of age
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(Jackes, 1g-q5). rn addition, .it focuses prirnarily cn ihe,rery
early anc the very rat,e changes rnaking it poss.rble Lc
determine cnly whether a case is under 50, abou.i:50 or ove' 5{l
years ( Prock*s anC Suci.ie,y., l ggO ) .

The f.rcs-u recent i mp -cvernents are those cf Sucheir eniJ
Brooks {sucne)r et ar., 1g.ng) for fennares anc sucbey anc h.ai:
( 19gO ) f cr rnales. Soth methcds erami ne tne tctal partern ci
change and reject tire compcnen!. analys.js approach (Brcof,s ani
suche,v, 1 990 ) . The acjvaniages of these '-echn i cues i ncl ude ,_he

large sample srzes used tc develop the meihoc {femares = 273
and nares = 73g); the fact t,hat the documenrec ages-at-ceath
cf t'he individuars'incruced in the original siucy ccver mc_st

of the acur+- r ife span { j"+-gg year^s of age); and the varrety
cf popul ati ons f rcm wni ch ihe cases were cirawn (whi t,e, B-iack,
Mexicari, Or-iental and Ciher). To clate, nc evalr.larions cf
these two metnccs , emp I c)r i ng samp I es i ncepenOent, of the
cr i g i na1 ref erence group , have been rnade.

4.2 .2 AURicULAR sURFACE r.,rETH-oD oF AGE EsrrMATicNi

A re I at,r've r y new apprcach, the auri cu''i ar surf ace il€-ur-r oc
cf esirmating age-at-death, was formarry .introduced by Lcve.jci,
ano hls col leagues in 1935. Both this sysiem ancj an earl ier
form cf the technique, developec by Kobayashr ( 1 367 ), were
appl reC ic pcrtuguese f.,lesol it,hic sampies by ..jackes ( in oress j

and were found unsaf;isfacl:ory iue tc tne poor ccnditio;r of tne
aurt cul ar surf aces and t,he hi Sh clegree cf i nt,er_oDserve:^
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disagreement. Yet, in the original tests of the mef;hod,

before'jt, fvas fully developed, correlatjcns lvith sta-.ed age

ranged frcm C.55 t.o 0.75 (Love.joy e'u dl., 1985). l"leinCl et

al . (1933) were able tc achieve a correlaticn of C.72 be-iiveen

aeiual and esti,rnat,ecj ages using the f ur11y ceveloped technique,

whi le Eedfcrd et al . ( 1939 ) proiuceo sl i ghi'1 ;- less rirpre*qsr ve

resul-r.s with a ccrre'lation cf 0.5C bel',veen ac'Lual anc

sl<eletally-der,ived age. ScKal and Rohlf (1'38i) have suggesr:ei

tha+. the coeff icient of de+,erminatrcn { rt ), whrch ranges f rctn

zero tc cne, rs a bett,er rneasure of the relaiicnship betlveen

vartables than'is t,l're correlat"ion coeff'icient,, pdr..icular'ly

when one is comparing the relative impartance of correlaticns

of C'ifferent maEni'.udes. Tn'is be'ing t,he case, Lovejc-v'anc

coi Ieague's age assessrnenis exhibit e ccefficien*- cf

ieterrn,inaticn ranging f rom 0.30 to 0.56; MeinCl ani coi ieagr,es

acn'ie.red rz=O.52 and Bedfcrd and colleagues atta'ineo 12:0.36.

The results of Murray and Murray (199i) were even mcre

pesst;'rn-'i-stic. These researchers exam'ined'1 39 rnoividuals frorn

tne Ter'^r^)/ ccl leciicn and assigned cn1;,2 44% ccrrectly cr wii,rin

one calegory cf actua'l age. Tne;r concl uceo +-hat trie a,;ri cul ar

su r-f ace methoC o'/e i^es+. i ma-"es the actua'l age cf younge r- adu I ts

and underestrmates the age of olcer adults, wit,h a crosscver

beiween 35 and 10 yea.s of age (Murray and Murray, 1991 ).

Because the methoi develcped by Lovejoy ef- a.r. (1985)

made use cf the l-lamann-TcdC col lect'icn of sl^<elet,al material.

there was s.cme quest'icn ccncerning the "kncwn" or actual ages
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of many cf the inCividuals. it vras suggesteC t.hat, sci.ne cf 'uhe

actual ages were simply estimaf;es rnade by Todd, of his

col I eagues, f cl 'lorv'ing anat,om'ical exam j nat,i ons of the

questicnable inCi,riduals (Brocks, pers. ccmm. ). The same

claim irad been,nade by Katz and Suchey (1999) ccncerning a

samDle ernplcyed by MeinC'1 et, al . ( 19e5) tc Cevelcp anC Les: a

f crrnal mul ti f acrc'"i al rne-unod of age est.i maii cn, whi ch i ncl udei

the auri cul ar su rface. Recenr,l y Mei ndl and col i eagues staied

that, "a11 of tne a?es used 'in our subsample lto deve'lcp anc

test the rnul*"ifacior ial methodl were in fact the legal age aL

dealh recordeC on (and ccpreC from) tire Un'jted States Revisei

Death Certif icat,e f i led at the Vit,al Reccrds Dlzisron of

ClevelanC City Hal I for each specimen useC 'in the siucy"

(MeinCl et dr'., 'l 990: 350). Unfortunately, 'i: yras no." rnace

clear whether the five hundred spec'imens fi^om tne TcCd

co'1 lection used to develop the auricular surf ace technique.

specif ical ly, were alsc represented by ages reccrcei on dea+-n

cerLificat,es. The implicatrons of using arratcmical estrmates

in place cf act,ual documenied age wi i i be Ci.;:nCUSS€ri in 'lhapier
5.

4.3 METHODS AND RESULTS

4.3.1 DATA CCLLECTiCN

Age e,sti ma-"i cns tvere conouclle,J se3arat,el y f or lhe pubi c

symphysis me""hccs and the aur,icular surface 1--echnicue so that

c'bservaf'ions made usrng one apprcach wculc nct bja*s thcse cf
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f,he other. The surchey-Katz anc McKern-stewart methocs (f or

mal es ) arid the Suchey-Brooks anC Gi I berf-Mcl.,ern metnois ( f cr
f emal es ) were empl oyei cne af ter the ot,her- f or each case. Due

fo ti me consti-a,i n-ts, 'it was i rnprac't,i cal to assess r-he puc.t c

symphyses of 17 4 i nd i'r i ciual s on twc separale cccas i cns .

Furthermore, ,i n th i s study 'the fccus i s on i_.he Suchey merhods:

the Mcriern-S'uewart and Gt I bert-l'lcKern syst,erns ar'e useci cnl y as

standards fcr ccrnparisci.r. In additicn, the Suchey metnocs

emp I oy a t,ota'l paire rn app roach rathe r r-han t he ccmponen:

anal ys'is used by the other techn i ques. Theref ore, prov'ii i ns

that the suchey rnethod was performec fjrst, it uJas belie';ec

thaf no srgnif.jcan: bias woulo result.
One hundred anC f ourfeen males we/-e exami ned f cl io'.r.: nc

the prccedure cf suchey and Kat: ( 1 geo ) . Borh casts anci

descli ptton-q, l^€Oresent'rng t,he s'i x phases, are emclovec i;r

lh'is sysiem which requi res the observer t,c focus upon cveral I

patferns of change. Simi 1ar1y, casts and descr^.jpt.ions vjere

avar lac'le for the McKern and Stewart ( ig57 ) methcd ',vhicn

f ccuses upc n -"h ree compcnents of the pub i c syrnnph;rs: s : t,he

venf;-a-l i^anpai^+u, the dcrsal derni-face anc tne s'rmph'1 seai rtm.

Si xtr- f emal es were anal yzed f ol 'lcw'ing Sucney, Brocks and Ka:z

( 1 339 ) wh i ch -i ncorpcrates the use cf boih cas-Ls an j

Cescripticns in its tct,al pat-tern approa.c/r. The Gi jber,^r anc

McKern (1973 ) rnet,hod, anaiogcus to that, of l'1cl..ern a.o stel.rarl
(1957), is a ccmpcnent sys."em wh'ich ennp'lcys bcr:i-r casis anc

iescli ct i ons .
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Each set of puces wa*s exam'i ned and, after t-he ca.-a brere

reccrdec, sroupei accor^ci ng to i ts suchel,-i.iat: ci- Suchey-

Brocks pnase (males anc fer"irales were kept separa-ue). cnce al I

cf +-he cases hai been arraly:ec, attemprs rver-e rnade ic ser-:aie
the inci.,,rduals wit,i-;in each gi,^oup, buf, the 'ricie rance cf
varrai-icn rv.;thin each chase renderec the atr.empts uselerss.

Compali sc:rs were mace, bctn withrn a-ncj be-irqeen divisions, t,c

ensure Eha" all mernbers lvi-uhin a phase appearec io ce ai
relat,i."el y the sarne s',age cf cevelcpnent, (cr iegenera--icn ) .

If t.he ri ght and I ef t s i ces cf a sei of symphy*ces f rcrl c..:e

inciividuai anpearec t,c beicng to cifferent phases, bot,n \^rere

notec but the ycunger one was chcsen to recreser:l il,-e

es:lma+-ec 3ge cii ihe assunpiicn thai irsease cr pat-rclcgy,

cculd cause the surface f;c aDpea. prematurely old.
cnce al I cf tne symph)/ses hac been exari nei, a r^anc,:n

se'lect,icn of 35 male-c and 25 females were re-examrneci fcr f,he

pu rpose cf ccncuc'u i ng an i nt,ra-cbse rve r errcr test .

Twc hundr^ec and r-hir*,;r-eighr hip Dcnes weie anelyzec
usrng r-he Lcve;cy ei a-l . i 1g95 ) aur.icular surf ace met.r-1cd ci
age estii'raiio;^r. Bct,n tne iescript,icns (Lcve.jcy ef ai., tgSi;
arid tne cnctcgraphs provi ieC by BeCf orC ei al . ( i g.gg ) ure: e

emc I oyei . Tn i s app r-cach f ccuses upon ele- re I alei chanqes -: n

granulat,icn, macropcr^osit,;2, bi11cr,r:ng, siriaiicns anc

trans';erse c,rganizaiicn of ine auricular surface cf t,ne i l;un.
if t,',vc aui^i cul a- surf aces f rcm one ce: scn seemec i_c be cf
different ages, the younger was chosen because iisease anc
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pat,hc'iogy can cause the surf ace ro appear premaf u rel y o I d
(Rctl-rschi ld, pers. ccmm, ). Si,li 1ar1y, whenever a surface
appeared border^rine between iwo age categories, the younger
one was chcsen.

Affer each set, of auricurar surfaces ulas exarnrned, rt, \.^/as

g rcupec Dy age categcr,' . once the i ncii v'i ciuar ana 1 ys r s was

cc'|Tpletei, the sur^faces wei^e compared both w.it,hin aili befween
ca:egofres to ensu:^e tnat t,hose in the same age c,,.,,isions
presenr-ed -si,ni lar 

^pCearances. Final i y, fo.r lcwir-lg r_i.rs

i^eccmri"iencjat,i on of l_ovejcy et al . ( l gg5 ) , atternpis to ser-r ate
the surf aces ldere made. The obse rver eventual i y gave up -.r n

despai r ciue to i,he compr e;<i ti es of such an encea\r,cur-. Far icc
much subtre variation was present to nnake seriat,ion pcssibre
withcrt mcre prcceciural infcrmation from the authors of the
methocj (Lcvejoy et d1., 1985).

4.3.2 DATA ANALYSiS

Precision \4as adcressei via a r-est fcr intra-cbserver
error. Age es!i ma-res usi ng the Sucrrey-Katz met,hcc ,/iere

ccnducLed twi ce f or 35 rnar es. on'ly 23 assessments ag.ee; of
the 12 thar, do not,, g are wirhjn one age categcry anc _? crffer
by two ol^ more categor i es. Thus, the i ntra-cbser^ve f eri-.ji ,; s

34?1. This can be compared tc 3g% intra-ocserver error (13
d r sag reements cut of 33 retesrs,) f or t,he Mciiern-st_er.rari
moJ- hnz{rrre ur iVU r

Pesl.: i,].q €^- +ho Srrnhorz-ernnl'\'vJe I vr ' u; Uile evv, rsy ;; urr.,Kg mgthOC a j,^e gvgn pCO j,^g.. C:
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*,-he 25 f emales assessed twice , 14 disagreemenf-s cccur bet'leen

observaf i on 1 anC cbser',zali on 2, resul t,i ng 'in 56% i ntra-

observer error. E'ight of -uhe disagreements are \4ithin one "?3e

categcry while six ciffer by lwo cr more categorles. This can

be ccmpared to 52% inira-observe!'errar (13 CisagreemenLs out

of 25 ref,est-s ) f cr t.he Gi I bert-McKern syslem.

The auricular surface method prociuced an intra-cCSsrver

errcr cf 19. *?9g. Al I 238 surf aces were e)(amined f,vrice. ForL'i-

s'ix ciisagreemen*'s cccur between the 1wo seis of data. Mosi of

the errcr (15.2%) is comprised of cases which cijsagree cy only

one age category (mosi of which span 5 years)' Thus, oniY

4.2% of the disagreei.nen+*s ciffer^ by fwo or mcre age

ral^rnrlaq
5v, ,evr

l-he accu racY of eacti met,hod was assessei f h t.cugn a

var-ieiy of approaches. The known subsample was emplcyeC io

de1:e rm i ne 1-he pe rcenf;age cf accu ra-r-e age est i mates . The

levels of inaccuracy anj bias were ccmput,ed using ihe mean cf

each age phase ( as ietermi ned f or the ori gi nal ref ef^ence

population). An age prcfile of the eniire sample vras producec

frorr tne parish registe; Cata. This vJas ccmpare| r-c Lhg

prof i tes generated f rom each of the age es1--i maii on iechn i ques '

il should be not,ei ihai there were fiff,y-five inCjviJuais agec

17 and over in the kno;n subsample. Hovrever, cue l.o

differenf,ial preservai'ion, each 'rnethod is repres€rt-u€C e'y scme

f ract i cn of th i s tcta'l .

Eefcre ca,lcula;tng tne accuracY, I fiaCCU -, ec,l 2rtC C.t aS
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value-q, it was necessai,-y to f i rst eslabl ish yrhich ser
cbseltat,ions tc emp'loy wnen cases exam,jnec t,ivice (for i
t nt raobse rve r er ?or study ) p roduced d'i f f e rent resu.r ts .

hli ne Cccumertf,eC age-ar-death cases, were exami ned +-rvi ce

us'i ng -ui're suchey- Ka+-z ,netnod . s i x of these reiested cases

producec estimaiec aEe rarlges rvhjch'incluced 1-he act,Lral ace

for bct,h ocserva-;icn I and cbservation 2. rn iwo cases. r,r .ial

2 procuced t,he col^r€c-u age est'irnaie whi'le trial '1 cid nci.
Ther^e |Jas one case 'r n whi cn nei *uher tri al 1 ncr *,-ri al 2

prccuced ccrrect est,imates. Although the cata are scant, tney
suggest sl i ghtl y better results for tne seccnd set of
observatt ons.

L.-Ii=

I'l'ine documented age-ai-Ceath

us rnE the Suche_v-Brooiis apprcach.

produced estimated age ranges which

a3e.

cases were exaryl i ned t,wi ce

Both s€+,s of observations

enconnpassei t.he C,:cu,men-"ed

The au ri cu I ar su rf ace metnod of age esi.i rnat ; ,:n was

emp I cyed tr^i'i ce on tweniy cases of known age-at,-rleath . r n

seventeen cases the age ranges were iceni,ical. iri *-+ro cases

Lriai 2 prccucec a ccrrec! age estimate whi:e t.riar. I d,ic not.
in cne case trr al i prcducec an age eslimaf;e cne c.aLec,c.v

ycunge r^ 'uhan the act uai age anc -,-r i a1 z p rccuced an est : nare

cne category ol der t,han the actual aEe. once aga"r n, ai rhcugi
tne samoie si ze 'is s:mal l, -une dala suggest -,ha-* the se:oi:c se-u

cf observ'at'i ons ai,-e rnoie accu:ate inan che f .i r_:t.

Grven f,hre above ,^esu'l ts, 'i ir al.l tesis cf accu:,-acy,
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'r naccJraclz anc bi as, whenever two sets cf ci sca rei_e

observations b/ere available for the same spectneri, the secoi-ld

set of cata was emproyed in t.he carcurations. Alihougtr r_he

i\'lcKern-stewart anc Gi I ber+.-f"lcKern meihocs were nct, test,ed .i n

this rnanner (since they ere used for compai iscn onry), tne
second set cf cbserva!ions was alsc employec for rnese
rrethods, in order -;c dch-ieve a rnore accurare ccrnpar.rson t.c t:re
Sucher-- l:.aLz and Suchey- B,rocKs techn i ques.

The accure.y of each system of skererar age est,imaricn
ltas cal cul aled bv d'ivi di ng the number cases i n yrhr ch the
estimated age range encompassed the actual ciocunnentec age by

the total number of cases (of known age) upon r.vhich t,he

technique was emplc)/ed. The results are presented in Table
19. Figures 1z-14 illustrate the success cf the Suchel,,-/.a:z
('1980), suchey-Brcoks (suchey et ?1., 1geg j anc r,he auricula;-
surf ace method.s. The rectangr es represe.t the age ranges
associatec rvrt,h each phase whi le t,he indiv.idual squares
rep resenl: the i nc i v 'i dua.'i cases . cases wh i ch we re est r marec
ccri^ecily a:e indica:ec:)r squares wiihin rhe rectangles. Tne

ciancnis ,.i'r t,he graphs of t.he two pubic syripnysrs methccs
represeni the nnean age fcr each phase.

Lcvejoy anc ccl l eagues ( I 985 ) argue r.nat t,ne ccrrel ati cn

cceff rc-.ie.t is nci necessari iy the best incicatcr of the oower
cf an age estimaf;or. Theyr claim that avereEe errcr
( inaccurecl- ) anc bias are rnore acprcorraie meas,J.es.
"Inaccurac'/ is the avel,^age absolut,e error o*; age estritna-i,tcn
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TABLE 1 9. ACCURACY OF EACH METHOD
OF ESTIMATING AGE-AT_DEA.TH FROM THE PELVIS

METHOD NO. OF 
'ASES 

NO. OF CASFS % CCRRECTCORRECT EXAi1INED

Suchey-Katz (M) 1 3 21 iO%

McKern-Stewart (M) 13 j7 76?5

Suchey-Brooks (F) 1C jt 91oa

Gilbert-McKern (F) L .t .l 
36..6 *

x rne I asi categor^y i s nct- open-enieci. If .it, lvere, rileresu I ts rvcu I C be :

GiIbert-tulcKer^n (F)

Auricular Surface (Uaf) eO
( Correct )
Au r i cu I ar Su rface
( Correct gI wi ih i n cne
age cat,egory of be i ng
correct )

36

11

47

A'7

43% +

'7 -l o/

+ The youiigest category i s zc-24. cases rvi lh acf;uar age_<younger rhan 2a-24 were countec correct wnen assiEnec t: iniscategory.



FfGURE 12. sucHEY-KAT z putstc syMpr-rysts il,lFTHOD
CCl.,tP"qRlSCN OF pg;tt'tATES TO KNOWN AGES
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FIGURE ]3. SUCHEY-BROOKS PUtsIC
COfdPARtSOt't CF ESTIjATE TO

ST- THOMAS CHURCH CEMETERY,

SY}dPHYSIS METHOD
KI'{OWN AGES
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FIGURE 14. AURICULAR SURFAGF METHOD
CO}dPARISON OF EST|}./IATES TO KNQWN AGE.S

ST. THOMAS CHURCH CEMETERY, B=LLEVILLE
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fcr eacn jnCividua'l , yrii.hout refe.ence to ove "_ ar unc.eraging,,
(Lovejoy et, dl., 1gg5). It, is carrculated using ..he fcrnnula:
rnaccuracy (yea.s) = ilesrimated actuiai agel / r.j

Bias is "t,he mean over cr- Lrnder pred.iction,, (Lo,rejoy et, al.,
1985) anci ii is calcula:ec eising rhe forrnula:
Bias (years) = i(est-imaied - actual age) / i\j

The prc'bl e,n that ari ses when i naccuracr., a.rC bi as are rc
be ca.rculated is that, bcih nneasurernen:s iequ.r i^e that eacn
lncivicual be rep.eseniec b:- a singie age esii'laticn, ncf, a

range. The ref c re , t,he mean age of the catego r-12 ( as
establ jshed fcr- the reference populat.jon by the authcrs of tire
methocs ) uras used to represent the estimated age cf ari

indivicual. The auricurar surface method was treaiec strghf;rr.,
differerf,,r,v sjnce f,he auil-rors (Lovejoy et dl., jgg5) did not
provide means (carcuraied frcm fhe criginar sampre) fcr lneir
age categori es. For th'is rnetnod, ranges of i naccu racy anc
btas were produced oy using the youngest age in the categcr;r,
e . g. 2t) , and ."he o I desi, age of the category , e. g. Z!. The
resL.l-lfs are pr-esanred in Taore ?tr. r-o,3x.rng at t,n.i s tao-.I e, _.r,

'is evi ient i,ha'r f,ne sanpr e si zes cf each age categcry are
ex l:rernel y smal I , casl!,i ng coubt upcn tne val i di ry of ,1r^awi ng

ccnclu-c.;cn-q frcrn:hese dat,a. For the rnost part, gr^eater-

irnport'ance should oe piacec upcn tne norrnal i:etj values (the
over-al I bias anc accuracy 'ralues for the rnet_hcd) ciue io tne
i arger samp 1e s i :Es . j-.rowever, i i musr be notec inai
in=-ccu.ac'f ani bias '/ary rn iegree by age .ange; De.ing nigher
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TABLE 20. INACCURACY AND BIAS CF METTIODSOF ESTIMATING AGE_AT_DEATH FROM THE SKtr1g161,1

Age Suchey- Mct,ern- Suchel,_ Gilberi,_ AuricularRanEe hla:z Sfewart Brooks FlcKern Sr:rface
i-7: ?-9

i n=nrttr^-\/ ai,,qv!-ut 6.-! z,t 2.A 9.4Bias 2.,3 .i 7.2
I.l: c .-

'1jA

Inaccul'^acy" 3.6 5.5 11.2 4.0 7.5 t.o .10.5
B'ias -.6 _8.5 _r.g 4.C 4.5 t'c iu.2
frJ=3S22A

4!_4_s-

Inaccurac,/ N/l N/A |,l,i,{ Fl/A 5.3 tc 1.gB'ias -5.3 tc -C.a
N-00004

5-o+

Inaccurecy 21 ,5 30.4 11.3 14.6 14 tc 15.3xEias -Z1r.Z -30.4 -11.3 _14.6 13.6 t.c _0.1
i!- 11 11 5 5 24

Norne_l_j:e_d
Q\1eL-Lne _ese_
.f E-lse

rnaccurec.y 15.3 2i,t) 9.6 1L-1 .4 g.4 r:c 1t-r.,3Bras -i3.3 -20.5 _2.9 _3.3 _C.3 tc 2.7
l'l- 17 17 rr 11 ,1-7

x An ea;..i f i ci al uppe;^ age I r rn. t of g0 years was createi f crthis caiegory tc faci I i:a:-e calculaticns.

? ,1 +.^ : l
''i ; r^ tr, a

l-'r,{
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in the older age categories. Table 20 indicates that most of

the St. Thomas'sample is drawn from ind'iviCuais in these

older age categories. Therefore, one should expect the

normalized values to be high. The purpose of presenting these

data, in spite of the small sample sizes, was to make th'is

asscc i ai-'i on c i ear '

Despi te the smal I sampl e si zes, the Suchey-i:.aLz anc the

McKern-Stewart rnethods are directly comparable since the Cata

for both were collected from exactly the same individuals'

Li kew'ise, the Suchey-Brooks and the Gi l bert-McKern methods are

cornparabl e.

inordertoprovideScmestandardofcompar.isonfort,he

auricular surface method, Table 21 contains lhe levels of

'inaccu racy and bi as obtai ned by Loveioy and hi s col I eagues

(1985) as well as those achieved in this study' The

implications of these findings are d'iscussed in Chapter 5'

The ages recorded in the st. Thomas' parish register were

used to generate three age profiles: one for males; cne for

femal es: and one w'it,h the sex.es comb'ined. F'iEures 15-23

cornpare the documented and |he estimated prof i les' The pubic

syrnphysi s methods are each representeC by two age

disLrtbutions. The fi rst assi gns the mean age of ihe

est.imat,ed categcry f,o the 'individual cases which fall into

that pnase (for phases, means anj standard dev'jaticns of eacn

meihcc see Appendix 3). For example, using the Suchey-Katz

(1986) technique, all rnales estimateo t'o be in phase IiI were



TABLE 21, TNACCURACY

AL I UAL AL:tr
( years )
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5C-59
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6O+
Inaccuracy
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Al I ages normal i zed
Trr:anr r-a-\/:rlgvvsr qvJ
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fi
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Bi as ( years )

1-. Ilal
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FIGURE 15. COMPARISON OF DOCUMENTED,,
AURICULAR SURFACE AND SUCHEY (STXTS COMNIruTO)

AGE PROFILES
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FIGURE 16. CCMPARISON OF
ESTIMATED AGE PROFILES FOR

DOCUMENTED
iIALES IN TI-IE

AN D SU CH EY-KATZ
ST. THOMAS SAMPLE
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FIGURE 17. COMPARISON OF DOCUMENTED AND SUCHEY-KATZ
(JACKES DISTRIBUTION) ESTIMATED AGE PROFILES FOR MALES

IN THE ST. THOMAS'SAMPLE
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F I G U R E 1 B. COlv'l PA R I SON OF DO C U i\''! E i'i T E D A f.l D M C l( E R l{ - ST E WART
ESTIMATED AGE PROFlLES FOR fulALES

FIGURE 19, COMPARISON OF DOCUMENTED AND MCI(ERN.STEWART
(.INCTES DISTRIBUTIONi EST!iVA.TED AGE PROFILES FCR MALES
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FIGUR= 20. COMPARISON OF DOCUIIdENTED AND SUCHEY.BROOKS
ESTII.'IATED AGE PROFILES FOH FEMALES
IN THE ST. THOMAS'CEMETERY SAMPLE
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-r-Bs Fanges

FIGU RE 21. COMPARISON OF DOCUMENTED AND SUCHEY-BROOKS
(JACKES DISTRIBUTION) ESTIIVlATED AGE PROFILES FOR FEild,A.LES

IN THE ST. THOMAS'CEMETERY SAMPLE
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FtcU RE 22. COIdPARISON OF DCCUIvIENTED AND GILBERT-tu{CKERI'i
ESTii'/ATED AGE PROFiLES FON FEMALES
IN THE ST. THO[dAS,CEI'/ETERY SAt'/PLE
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FIGURE 23. COMPARISON OF DOCUMENTED AND GILBERT'MCKERN
(JACKES DISTRIBUTION) ESTIMATED AGE PRCF!LES FCR FEfulALES

IN THE ST. THCfulAS'CEMETERY SAMPLE
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a.ssigned 1:he age of 28.7 (the mean age for phase Iii). As a

resuli, all phase III pubes fit, 'into tne 20-?9 year slol: of

the age profiie fcr the sample. Jackes (1985) argues tnaf

this apprcach can result in uneven distributions acrcss al'l

pcssible ages, since the means of +-he phases are nof

necessari 1 1z e\/enly disPerseo. The McKern-stewar^i ( 1957 )

method, for example, has eignt phase means thai fall int,o the

17-29 year slot.

As an altef^nat jve method cf iistribu:icn, Jaci-'.es ( 13e5)

recommends cast'ing al I f he cases wi thi n a phase over i ts 9596

range (Z standard oev'iati ons ) by assumi ng tha-u t'he ages ar^e

normal I y di stri buie| and cal cul ati ng the procabi'l i ty of

obtaining each age withrn t,he range (see -rackes l1S85l fot'^

methodolosy). F'igures 17, 19, 21 and 2?1 tllustrate the

resulf,s of d'ist,ributing the age dat,a acccrcing ta the -iackes

( 1985 ) methodology ( indicat,e| by the narne Jackes). in add'i-

tion, the Suchey-KaLz and Suchey-BrooFls resu'lf,s (with -racl''es

C'istribut'ion)werecornb'inedinorder'-toproduceacubic

symphyseal age pi'cf i le ccnnparable tc +-nat of fne auricular'

surface anC the Cocumenr--ed sample (Figure 15). Trre cjistricu-

tions f or the McKern-Stewart and the Gi I bert-Mcl"ern svstens

were gei'rera:-eC f rom -uhe probab'i I i'"i es prov'idec by Jackes

(1985) wlrile the probabilities for the Si;chev methLrds were

prcCuceC fcl lowing Bennett ( 1 979 : 482 ), employing the table of

ar?as under- the normal culze ( i bi d: 495 ) .

Since the pur^oose of creating an age prof i le f or a sampie



i s to i den:i f y pat,terns of morfal

conducf, stat i st'j ca I ana I yses on

actua I di sr--ri buti ons because,

represenraf;jorrs are rnore e;<pressi

i,a

ity, it was not necessar-v- to

tl-re est i matei ve r-sus -uiie

rn th'is case, the visua'

ve than ihe s:atist.ics.
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5. .I SEX DETERMINiATION

Precision '1 s a measure of an observer's ability tc
reproduce herlnrs resulr,s and is both a ref'lecrion of tne

researcher's capabilities as well as a cornriter-'tt,ary on tne

nature of the cri terr a bei nq exam'l nec. Lcvr precision

( r nt,raobserver error greater lhan 1 0% ) j nC i caies that a

featur^e cannot be assessed rei'iablv. Whether it be tne

researcher or the crrterra which is./are at fault, the ouiccrne

'is the same - an observer mi ght correctl y assess the sexes

of a group cf skeIet,cns, but when reguirei tc repeat those

results, has a greater than 'l in 10 chance of maklng an

incorrect assignment. Unfortunately, in a practrcal situation,

the researcher never knows whether^ that'r in 1O error has been

inaie. Consequen-Lly, features which exhio'i-,- h,gn levels of

rnlraobservei errcr ( low precision) sncu'lc simpl y be excluced

f rcm lhe alrai ys'r s.

The over-a'l I Cegr^ee of i ntracbserve r eiror f or Dcin the

pelvic ( 11 .3t';) a:d the cranial (12.2'., ) trait I ists were

si i ght,1,v h i ghe. than the acceplabl e I evel of nt}vo. suggestr- ng

thar at least sorne of t,he features emplo),ed in this ar:a'lysrs

are difficu'l t to assess. An examrnacicn cf int.eobservel.

ltJ
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error by t,raii icentified four prcblerna-uic pelvic crir,eria:

aceiabulurn size and shar:e (11.2%), auricular surface hetgnt

( 1'1 .3%), pre-auricular sulcus ( 11.3?;) anc rschtopubtc ramus

shape (11.3%), and two problemat'ic cr^anial crif,eria; nasal

aperture size ani shape (10.3%) ancj orcital size anc shape

(12.?16). blhen considerec individuai 1y, the arnount- by vtriic.l

these d'ifficult feat,ures e;<ceei t,he accectable level 'ts

minimal. Houiever, '-he corilbinec impact of inese crtteria ccu'lc

signif icantly affect, the outccme of a skeleial sex enalysis,

especi a'l I y i f rhe rna--eri al were f ragrnenfary anc the

crcbl ernati c f eatures were among t,he f ew irai cs sti I I

cbservable. i;is ther^efcr^e recommerrCec ihat, a'l I crileria

exceeCing rhe 1C% critical level of intraocserver error ce

excludeC frcrn the analysts.

An i nte.observer error cesL coul ci not be conducl--ec

independen+- of the analysis so it remains unclear whether the

difficult.ies associated wtth these six feaf;ures arese ciue to

Some iCicsynci,-asy cf this reseercher cr if tne;r ar^e prcb.rems

i nhe reni tc the f eaiu res themse'l ves . whiie mosi of t-he

cr'-it,eria examined in this stucj 'z were sucJective, scme we.e

rnore subjectlve Lnan c'uher's. GauginE aceiabulurn srze 3'/

visual estinnaticn, for exarnple, ts preferab'ie to physical

measuremeni in that it is cuicker, l-lcirye'ver, cne sus3ecls tnat

f aci I rt,,v comes ai- the e;{pense of precision. The same may be

saic foc nasal aperr-ure and crbit,al sizes. Sirnt:ai'iy, t--he

pre-auricular sulcus presenLS rtself as /ery1il9 cegrees of
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resorpt,ion (Tague. 1l8e), the interpr-e'-at,ion of vrnich is not

al ways a s r mp i e pr^ocedure. Some over I ap between the male anc

female forms of f,he ischiopubic ramus does cccur ancj t,he

results of otfier investigarcrs (Phenice, 1959; Sutr.lerland anc

Suchey, I947 ) suggests tnat thi -s parf,i cu'iar trai I I s

unrel iacle. On +-he ctl'rer- nand, deiermtntng auricular surface

ne i gn-", as cescri bec c,v Bass ( 1987 ) , seefis e strai ghtf orwara

encugn proceiure so that pernaps the i'esearcher was at fau it..

It rs recommencied that an intraobserver error siudy be

underLaken by a'1 I researchers i n order tc i denti f y problernai:,i c

criteria. Ti're features may -"hen be ernployed in fhe traii I ist
aL lhe drscre+-ion of the investigatcr. if cthers irsccver a

precrsicn problem wirh tne six crjter^ia iient'ified by tne

author, t,he argurnen: for abandonrng --nese features is
ci- rannr hanar{| | J \'' 'v A.lternatively, 'if no criceria, or oiher

criteria. are iCentifiei as oroblematic, a ceficiency on the

parL of the observer is suggested and further practice rs

zat\/'l QAat

Accuracy rs a measure of -ui't€ number^ of co.rect

assessrnents, usually oresenred in terms of percent,age. The

simple mor^phoiogical melhcd cf est'imat,ing sex empicyec rn tnis

stucjy prcduced an accuracy of 95.9% for the pel'u ic cr"iteria.

As a f;echni que f or group anal ysi s, 'ii prcducei a -qex ra*'i c

statist,ical ly indist,inguishable frcm the dccumented ratio in

tne par r sh reg'r sLe rs .

an6-l Af I t-t 2 rvP*v

The cran r al resu I ts were i ess



Hrdlicka (St,ewart,

i '1 6t.:,i

1E52) preoicr,ec chac experrenceC

rnvestrgators wculd be able tc correctlyr identify se;{, using

only thre skul I anc mandible, in 9096 of the cases examinec.

Siewart (1979) assessed one hundred crania from f,he Terry

skelefal col'lec+-ion anci was acle t,c correctlv assicn sex fo:.'

r-7o.6 of the inCiv'iCuais. l.,iore recently, i.rcAman and Tgca:r

(r935) s:aied opiimist':caii;r that 927, accuracy cculc be

acnievec. Tne cresent invesligation p'couceC results sinr lar

to thcse cf HrCl icf.a; 8.9.1% accurac'y was cbia. jned. As a

method of group ana'lysis, t.he cranral traiL lrst pr^coucec a

se.( ratici t-he-u was statist,ica'1 1y ind'istingutshable fi^cm f,he

dccumenteC raci c as ciei,er.^mi ned f rom f he oari sh bur^r al reccrcis.

A comparrson of i-he hypothe'-ica'l pelvic trait, I ist (Tacle

4) anC t,he peivic t,rait rank'ing which resultei frcm:nis
analysis (Table 9), iniicates rhai 67% of t-he crit'er^ia

predrctei to rank vrit,hin ihe -uop 10, Cii so. FvnraqqcriL',\ V r v

sl'ightly differently, the rnean diffei^ence in ranking

(calculat,ec as Ilest,inna:ecj - acf,ua'1 r'ankl /l'i) r,.ras 5.6 places.

I nese c r sc i^e3anc 1 es can De t, rans I atec r rLo cbse r,ra'L r cns

ccncerning -Lhe D.ecict,ions, generaied f rom a cono'r'l a-::on oi

iara f rcnn c"Lne r researche rs , anC tne hyco--neses tr^: aE we re

posrtetj .in Cnapte- 3.

it was ciscovered thal, contrary Lo St. Hcyme ( 19,i4) bur

i n <eeoi ng wi tn St. Hcyme and igcan ( 1 989 ) , rne anterrcr

features of the pelvis vJere mcre useful 'i lr co.recr-iy ass,i3l'l ing

sex'L.han were f,he posterior feaiures (3/4 an-uer-tci features



are rn t,ne fop 5).

hypothesis were met.

l ,.j .1

The criLeria for acceptance of this

The mean accuracy for the anterior^

features F/as 1096 higher than the posterior t.raiis (367" versus

cnly 76%) anC the rntraobserver error was 5% less (2x versus

7%) f cr tne anteri or tra'its.

in contrast tc Tague ( '1 988 ) , the pre-auri cul ar sul cus

sccrec very h'jgh cn accuraay (91.6?6), but due to low pi-ecrs-,on

(ll.g2t int,raobserver erro:^) it placed iOr-h overal l. -inrs ,,.,'3:*r

one of the highei' rankings for feat,ures of che postelicr

pelvis. Tague's (1988) assessment cf t,ne inaccuracy of dcrsal

pitting was upheld rn t'his stud)/ (35 .7% correct), alt,hough the

prectsicn cf this fealure was ex.cellenc (02 ';niraobse/^./ei-

error^). This s-rggests that, while it ma./ be easy t.o assess,

oorsai o:tting is nct a par-ricularlyz useful sex crrterior.
St. l-{oyme ( 1984) appears to have been correct abcut -une

i rnportance of the sacrum i n ske'jetal sex def ermi na+!'t on.

Coleman's ( 19Ag) assert'ion that there .is no difference rn rne

groivfh of ihe male ani female sacrurn is ouestionaole in I igni

cf its capacity to reflecr sex. However, Ccleman's ( 1959)

cla.im thai fea-uures Cepenient upon two fLrnc-".ional c.'visrcns

(the false anC true pelvis) are less sexuaily cjimorpnic t,han

thcse oepenienl upon only cne was borne out. Bcth tne scratjc

noicn (85.7?4) anc t,he pel'ric 'inlet (8.09) e;<nibiied reiaLively

meCiccre levels of accuracy and pcor precision (6.5% and 9.7:.6

in-rraobserver errcr, respeclively).

Altncugh Coleman (1969) noted no evicence of siEnif icarit.
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sexual differentia--ion 'in growth of the acefabuium, t,nis

feat,ure can be extrernely accurate (91.7%) but, it is c,ffrcult

to assess (11.2% intraobserv€r error). T;ris suggest-c inat if

a researcher chooses to i nc.r ude aceiabul um st ze i n her,/ni s

a'n;i-iysis, the dat-a should be evaluated metrically. The time

sa'reC tlrrcugh a morpholcgical assessment of'uhi*c fea.t:ui-e

cannof ccmpensal.e for tne lcw precision which results,

St. Hoyme ( 1 984 ) 'i no i cated rhat f he ootu ra-'-or^ f cramen vi as

of I itt,le value as a sex indicat.or, yet in this st,uiy ir-

ranked 2nd overall (Table 9). irr conirast,, muscle markings

proved to be ineffectual (56.396 accuracy), although rhey were

observeC ccnsi scentl y ( Cg j niraobserver error ) . Tht s suggesis

tha-. they mey contribut,e to a genera'i impression 6f tne -uiu€

sex but, on their own, they procuce results cnly sltgh*"ly

beiter than whai might be exnected from chance alcne.

This investigation recroducec the origina-l ranKtngs of

the Phenice criteria (Phenice, 1 969). When precision and

accu r?c';t are ccmoi nec, tne ventral ar c ranks f i rst '. accu aacy

86.9,e;, intraobseryer error O%): subpubic concav'lly ts seconc

wi tn an or,zeral I rank of 5 ( accu racy 83.8.'6, i ntraobse rver errcr

3.2%)i and the iscniopubic ramus is thirc wiih an overall rank

cf 16 (accurac'/ 80,"6. iniraobserver error 11.3%). Th'ls siitcy

differs from Fhenice (1'353) witn regard tc the accuracy trar-

may be acl^rieved by comcining the -uhree feaiures. Phenrce

( 1,3e I ) c I ai nied 95% accu rac;/ f or the comoi nec crr ieri a, wnei-eas

tnrs analysis manageC tc acnreve oni,r'S896 accutacy. Tn:s 1s



TASLE 22. THE RESULTS
PHEI'{ICE ( 1969 ), KELLEY

LOVELL (1989)

OF THIS STUDY COMPARED TO THOSE OF
( 1 978), SUTHERLAND AND SUCHEY ( 1 987 ),
AND MCLAUGHLIN AND BRUCE (1990)

STUDY

Ot
/Q

Phen i ce

l.i.el ley

Sut,her I and and Suchey

'-cve I I

ACCURACY OF PIiEI.I]CE
M ETHOD

Co r recf

IL6

I5,.6

83%

ACCURACY OF ]NDIVJDUAL
CRiTERIAX

DHU

,' t-t Q

B7%

72%

75%

73%

Alo/

aJz

3Y)5

34% 5Ot6

96%

Bruce ancj Mcr_augh I i n
Eng'l i sn sampi e

Dutch samp 1 e

Scotti sh sampi e

Mean accuracy

This stuoy

xKey ro abbreviations

VA = ventral arc
SFC= subpubrc ccncavity
iR = tschiopubic rainus

8.3%

68%

59%

,- iv

t8Y

652t

A trq/

A EV+s /O

87%
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h i ghe r than tre ave:'^age resu I ts repo rted by Love I I
(1989), 83% accuracy (usrng 50 hip bones), and by McLaugniin
anc Bruce ( 1gg0), 70% accuracy (using 273 skere-uons).

The results of the indi'ridual crrferia vary in comparrscn

f,o thcse of other researchers (Table ZZ). Wi-ri le Sutherland
anc Sucliey ( 1 997 ) had exce I I ent resu I is rvi th the ventral arc
(96% using 't284 specimens), Mclaughlin anc Bruce (1ggC)

r€portec an average cf only 55.'1% succe*qs cn the tirree sarnp tes

t,hey exanninec. rn this analysis the level of accuracy fell
between the values for the other studies (g6.9%). Mclaughlin
and Bruce ( l ggc ) f ound tne subpubi c conca'ri ty to be tne rncst

useful single critericn, with an average accuracy of 7g.z%

(cornpare those results tc g3.3% accuracy obtarnec in this
study). Both Sutherland and Suchey (1987) and McLaugniin and

Bruce ( 1990 ) hac I ess success wi th the i sch.iopubi c ramus , 70%

and 61v" accuracy, respectively, compared to this analysis, go%

accuracy ' rn contrast, to Lovell (1ggg), in which the venrral
arc was perceiveo by many part'icipan;s to be most ciiff icult tc
assess , tn i s 'i nvest r gat i on f ound tha-u tne snape cf t,he

iscn,;opubic rarnus rs che most unrel iable rncrcatcr
iint'racbserver error ii.3%) and, in fact, .it is reccmmenceo

that this feature be droppei f rom the pe.lv.jc trajt I ist cue :o
its low precision. The h'rghest 'ie.rel of accuracy achievecj .rri

f hi s st,udy, f or the pheni ce cri teri a, was t,he resur t of
ccnno"in'ing the observaticns of the ventral arc and subcubic
ccncavrLy; 92% accuracy was obtajned.
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McLauglin and Bruce (1990) suggested t,hat the lower
levels of correct sex identif ication found .in thei r study,
compared to those of Lovell (1989), phenice (1969) and

Sutherland and Suchey (1997), may have been due to populatron
differences, theirs being a European rather than a North
American sample. The st. Thomas'mate-iar is intere-sting in
t,his sense since it is a 19th century Ncrth Amer.ican cemerery

sample that, it r-q complised largely of inciivrduals who were

recent British and rrish emigrants. one of the samples
employed by McLaughlin and Bruce (1990) der.ived from a 17Lh_

lBth century English cemetery. rn the case of the ventral arc
and the 'ischiopubic ramus, the accuracy obta.ined in this study
was superior to those of the English samole (g6.9% compared to
64.9% and 80% compared to 61%, respectively). fn contrast,
the subpubic concavity fared slightly better in the English
(87.1%) than in the St. Thomas' sample (83.3%). The SE.

Thomas' results are clcser to those of sutherland and suchey,s
( 1987 ) modern North American samp'le than to the hrstor.ic
English sarnple cf McLaughiin and Bruce (1990), despite the
fact, that the st. Thomas'sample was comorisec largely of
Engl ish and Irish emigrants (Table ZZ).

A cornpartscn of the hypochetrcal cranial traic list and

the rankings resulting from this s-.udy (Table iB) indrcates
t,hat the mean difference in ranking between the esiimated ano

actual ranking was 6.4 places. Again, these orscrepancres can

be translated into observations about the hypotheses generated
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f rcm a rev'iew of ihe cran r al gr,-owth I i terature and presented
rn Chapt,er 3.

Ner lher the f aci ar cri teri a nor the feaf ures of t,he
calvarrum were more useful than the other.in determining sex
f rom the sku'l l. of the top f ive criteria, three were f rom tne
f ace (6Ox ) whi 1e two were f rom the ca.lvarr um (4A%) . It r^ras

-suggested t.hat cue t,o the greater^ clegree of relaiive gro,,.rtlr of
the face as ccrnpared to the calvarium, the sexually crmorohic
features of ihe face wou'ld be more markeo and therefore easier
!O ASSESS.

Thi*s hypothesis proved to be incorrect stnce the crrteria
necessary for it,s acceptance were not met,. Although ihe mean

accuracy of the facial features was 10% greater than the
features of the calvarium (49% versus 3S%) the level of
tnLraobserver error was not,5% rower for the faciar trarts (By;

versus 2%). Ferhaps t,he interaction of all of the growth
patterns of the facial bones obscures the sexua'l 1y dimorphic
patt'erns of grcwth, thereby reducing the effectiveness of the
facr al cri ceri a as sex i ncr cators.

Although supraor-bit,al ridges, front,al em.inences ano

forehead shape are iependent upon che same growth prccess fcr
the'l r f inal form, the suoraorbital torus vJas easier lo assess
(prec'js,.cn was lower) and it produced better results ( 60.9%

accu racy ccmoai^ed to 44 . S% and 31 . g% ) .

The cranial ranxrng generated by this *qtuiy (Table 1.t!)

may also be cornpared tc the rankings produced by other



Phys'ical anthropo'1ogi st,s ( Tabl e t 3 ) . Tacle 1B was most
similar Lo Hrdlicka's ranking (Stewart, 1952), exhibit,ing a

mean d'i f f erence cf z.4 pl aces . He empl oyed n i ne cri terr a rhat
were ciirecf,iy comparable t,o those used in this srucy, 7g?4 of
which ranked w'ithin the tcp nine in this investrgarion. The

differences involvec features relating to ihe mouth. tvhr le
Hrdlicka recommends alveolar arch and ieerh size and palare
shape ano s i ze, th i s siudy f ounci t,hese f eatures perrcr^med

rather poor'ly.

The K.rogman and IEcan (1986) and the St. Tlromas, rankings
exhib'it a mean dirference of 3.2s p'1aces. cf t,ne eighr
criferia employeci by l..rogman and lgcan, 75;.no testeo in the tcp
eight of this scudy. They recommend boi,h orbit and parare
shape and size wnile this analysis ranks the same featur^es
17Lh and 14Lh, respectively.

Stewart (1979) employed only ,s'ix criteria ccrirparable tc
t'hose used in this tnvestigation. The mean Cifference between

rankings was 3.7 places anc g3% cf h.is criteria tested rn the
top srx of this scudy, the oniy disagreement being the value
cf r-he orbital borders: stewart ranks it most usefui whrle
this author found .it least useful.

Mernd'l et al . (19e5) also emplcyec six criier"ia
comparable tc those in tnis analysis. Their nnean cifference
was 4.5 places ani only so26 of their criterra testec in the
top stx of tnis stud_v. Fina1.ly, El-Najjar and McWilliams
( 1979) emplcyei only tnree criteria. The mean cifference
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between iheir rankings and Table 1g !./as 6.3 places anc only
33,c'o of thei r criteria tested in r:he t,op tnree of t,his srucy.

By employing a tr^a'it r ist s'imi rar to that of Hrdr icka
(srewart, 1952), it was possib'le to virtually reproduce n.rs

cegree of accuracy (goz versus .gg.1%) anci t,c approximate h.is
ranki ng of crj terj a by useful ness. Aithough he Coes nor
explic'rtiy state upcfr vihich pooulation rrrs ranKrng is basec
anc hr s crtLeria rnosi successf u'l l y emol cy.ec, Hrcl ,i cKa cces
mai<e ref erence tc a va:iety of groups f rcm 'Af r.i can and

American r-legroes" to "whit,es" (sr-ewart, .1952: 12g) tc
"Eskimos" and "norrhern rndian tr-ibes" ( ibid: 130), suggesring
thaf the cranial criferia which he employei f/ere nor
pcpu-lation specifrc. The fact that these trait_s were

successfully ano relrably app'l iec -Eo the st. Thcmas' sampre
incicates t,hat, they are nct samnle specific and suggests rnat
they nay be effective on other populations.

Despite the facl that some pelvic and crania.l features
beccme mcre Cistinctive with e9€, e.g. t,he venira-r ?.i-c

(sutnerlanci and suchey, iggT), whi le o;hei^s lose thei r
ciraracter i sri c appearances rvi lh age , e. g. dor-qa'l p r t+_i ng

(Ke1iey, 1979), the cnry stat,ist'icaiiy signif icant, age-reratec
effecis on accuracy cccurreo for posterior view of the sacrum,
z;rgornatrc rcot exiens'ion and occrpital nnuscle markings, all cf
which exhibr'ued increasec accuracy with age. Analysis or the
comclete pelvic anc cranial trart I ists sii,ri I arly produced no

signif icant, f luciuat,ion rn accuracy Cue tc age.



141
Merndl et al. (19€5) claim that the success rate of

assessing mare sku.r rs is rower for younger indivrduars,
whereas w.ith female skul ls it decreases for olcier indivicuals.
Unfortunately, cjue tc arready,smarr sampre s.jzes thar, resurt,eo
from divicing the known subsarnpre into three age categorres
(n=6 tc 26), jt was fert thai further division of the gi^oups
oy sex wourd on ry p.cduce invar id concrusicns. Thus t,he mares
anc f emal es were eval uated icgether and nc overal ,-1 ag3_rel at_ec
differences in accu"acy were c.iscovered. This courd mean ti..]atno differences exist, but it courd arso incrcate that, the maredif ferences ( reduced accu racy in younger inrCividuals) were
cancer red by tne femare differences (reduced accu racy rn orcier
ind'iv'jduats).

When the 55 ass i gnments of _qex ( i nc I ud i ng retests ) riraie
f rom the sku I I were compared to the par.ish buri al recorcs , i t
was discovereci that, seven were incorrect, Three were cases of
females thought to be ma1es, whire fou r vlere mares thought, to
be femare. The three cases of femare mrstaken .icentity lvere
frcm tvro indivicuars; one was assessed tw.ice, bcih trmes
incorrectly. Bur.ja.l 3Og v/as a 60 year olo woman. Burial 461,
exam'ined twice' was 46 years. Arthough rhe number of errors
are sma I I , the mi st,akes wcu,, d seern t,o ccnf orm to Mer nC I ei:
al .'s observation that, "sreaf,er age procuces an .increasingiy
male rnorpnorcgy" (Meincr et, dr., 1gg5). I: shourd be noled,
however, that tirere were seven orher women .in th.is sampre over
the age cf 60 and all were assessed correcf;ly.
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The four cases of male mistaken'identity were a'lso

concentrateo rn the olcer age categories. Buriaj 339 was 55:

buri al 397 was 75 and buri a 1 4?-q was 43 years. onl y burial

472, aged 20 years, conformed to Mei ncjl et al . 's ( 1 9$5 )

sugg€s-u.1on that younger mal es mi ght be mi staken f or f emal es

rnore f requentl y than were ol der ma'les ' The evi Cence i s

inccnclusive.

Using the peivis, 72 asstgnrnenf;s of sex' including

retesrs, were verified through the parish burial records' of

these 72 estimations, cnly two were 'incorrect. Burjal 3514

wasayoungfema]eaged22yearsandthreemonths.This
individual was assesseci tw'ice. The initial results iniicafed

thatthespecimenwasfemale,theretestsuggestecmale.The

second case, burial 464, was extremely fragmenlary' it was a

woman, aged 46 years, who was incorrectly assigneC as male'

Although there were only two errors, the bias'is toward males'

as was Predicted.

Tesisofa']ternatemethoosofgroupingthecri-ueria

revealec tha-u no single pelv'ic fea-rure procuced bet'ier results

than those generated by the complete t'rait l'ist (95'9%)' The

mcst accurate single 'indicator was sacrum shape (9'4' 1%) ' on

the cther hand, three comcinations of pelv'ic criteria procuced

higfrer levels cf accuracy than the 1:rait list as a who-'1e:

obturator fcramen shape anc presence of tne ventrai arc' (9'3"6);

obturalt,or f oramen shape and true pelvis (98%); pubis shape and

aceLabulurn shape and size (96%). Since aceLabulum shace ano
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size exh'ib jted iow prec'ision, the f i rst two comb'inations are

cons'idered more rel iable. l'/hi le cornb'inations of three traits

could equal and even sl'ightly surpass the accuracy of the

cornplete f,ratL I ist, none could produce result's Stlperior fo

the obturator foramen/veniral arc and obturator foramen/true

pelvis ccmbinations. This is not entirely surprising slnce

the first tnree criteria, ranked by a comb'lnation of hignest

accu racy and grea-!est preci si on , are: ventral arc; obturator

foramen: ancj true pelvis (Table 9. ). Combining these three

features does not increase accuracy above that obtained by the

two combinations involving t,he obturator foramen. The ventral

arc/true pelvis combinacion (95% accuracy), wh'i le an increase

over the 'individual accuracies (86.9% anci 85'8%, respectivejy)

js not as useful as t,he combinations involving the obturator

foramen. This suggests tha*' true peivis anci the ventral arc

are contributing simi lar^ information to the equatlon.

When thrs analysis is compared to Sutherland and Sucney

(1987) ancj Mclaugh'l in and Bruce (1990), it becomes ev'ld€flf-

that tnere rs a certain cieg;-ee of variabi l'ity in the levels of

accu racy that may be ach i eved by d'i f f e rent researche rs

emplcying tfre same crit,eria on different populations.

Theref ore, despi te the f acr that th'is 'investi gati on d'iscoverec

tha*, the greatest accuracy for the pelv'is was achievec by

combining the results of only two criteria, the author cces

not acjvise focus'jng solely on these features when assessing

sex. At the other extreme, the complete pelvic trait Ijsc
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produced an accui-acy of g5. g% and had an unacceptably hi gh
'level of intraooser\/er error ( i l .3%). Thus, if wculo appear

that the best, results, and 'l ikely the most widely applicable
resu i ts , cou I d be obta'i neo by emp I oy i ng some subset of the

fctal pelvic crrt,erra. A re',zieur of the indivicual le,;els of
accuracy (Table 7) indrcal:es that some features oroduce

resu l ts on l ;r s l i ght l ;z berter^ than those expec--ec hr-l chance

ano. as i nci cat.ec pre.zi ousi y, cther trai f s ha.re I cw precr _qr on

(Table 5) such that, they should be excluded from the analys.is.
Table 9 ranks the pelvic cr-iteria accorcing to both hisn
accuracy and precisicn. Tne first sir traits (ventral arcl
obtur^at,or^ f orarnen, 'urue pel vi s, sacrum shape, SUcpubi c

concavity ani pubis shape) all have intraobserver error le'yels
below 5"/" drld are capable of successf u'l 1y assigning se.x tn over
83% of the cases examined. Thus, these fearures are most

hi ghl y recommencjed f or use i n ceterrni ni ng sex f rom the bony

pelv'is. rn cases of indec'ision, the results of this stuciv

indicate that emphasis snould be placed upon the results cf
tire cbturaicr fcramen/ven--ral arc ancj obrur^atc r^ foramen /ir,.te
pelvis cornbinations.

No s'ing1e crania'l fea+-ure exhibited greal:er accuraci- r-nan

the cornplete cranral trait list, (e9.1%). The best, inoivicual
incj icatcr was n2.q.al anortrrr-g (76.6%), which had tc ce excluiec
f rom the analysis ciue to its poor precision. simi 1ari1r, none

of the ccmb'inat,ions of tdo cranial trarrs ylere caoab te of
generat.tng a higher leve.r of accurac l than tFre complere trait
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j i st. on 1y one combi nati on of three cri Leri a, zygcrrati c root

extension/malar size ancl shape/nasal aperture size and shape,

rmprovec uoon the accuracy of the orig'ina1 met,hocj. s-ince t,his

combination employs one criterion which exceeds the accepracle

level of intraobserver error, and only increases accuracy by

1.9%, the autlror coes not adv'ise the use of th'is ccrnbinat.'ion

'rn pr^eference tc the ccmplet,e trait l'ist. unfcrtunare'l;2,

however, Lhe compl efe I .isi has an unacceptabl y hi sh I ever of

tntraobserver error (12.2%). An examination of the individua'i

levels of precision (Table 14) and accuracy (Table 16) make ir
poss'ible t,o iCentify feaf;unes with low precis.ion, high

inaccuracy (greater than 3a9/, error) and h'ish perceniages of
" i ndetermi nate" rati ngs (7a% oi more ) : al I of whi ch contrr bute

very I iftle in the way of constructive information. Insceac,

the ambiguity of these features serves to increase the chance

of error. It is therefore recornmended that researchers focus

the'i r efforts on the frrst eight criteria in Table 1g

(supraorbital ridges, mast,crd srze, rnalar si:e and shace,

occipirai markings, chin form, general size, zygcmat,ic root
exEens'ion and mandib'le shape). Not only C.jd these feafures
perf orrn successf u i i y 'in th i s stucy, but they are al so among

fhe trai ts most commonl y recommended by other physi cal

anchropologists (see Table 13).

The fcregcing discussion indicat,es, not surprisirig,ry,
that- 1-ire preferreci area for skeleral sex estrma.u,ion'is rhe

pe1 vi s. It, i s capabl e of proiuci ng more accurate anc precr se



resu I is than can be ach i ei,eci by exam i nat, i on cf the sku r r .

Even 'in cases where both se-us of i nf ormati cn are avai r abr e,
the cranial assessment serves oniy to re-enforce thai, made

from the pelvis. In this anaiysis, whenever cirscrepancies
occurred between pei vic and craniar sex determi nation, it \^ras

inevitab'ly ine crania'r assessmenr, that r.ras af, faurt. (n=4).

5.2 AGE ESTIMATION

Prec'is i on tests of rhe Suchey-Katz ( 1 986 ) and Suchey_
Brooks (Suchey et al., 19gg) met,hods of estjmatjng age_at'_
deaih f rom the pub'jc symch,v*sear face, resurted in c:smai 1;v

hjgh levels of r-ntraobserver error (24% and 56%,
respectrvely). wnen techniques exhibir such pcor precisicn,
a serrous f law in erther^ the methcd itself or the appl icarion
of f;he methcd 'is indicated. The fact that the McKern-stewar-u
( 1 957 ) and Gi I bert-McKern ( 1 973 ) systems were as unrel iable
(39% and 52%, respect,ivelyr) as the Suchey rnethods, sr.rggesrs
thai i: js no-u necessarily the spec.ific technrque t,hat is ai
f au I t, but rather , that there are probr enns i nherent i-o t,h i s
enti re approach to skeretai age estimaiicn. ccnversei y, r,,.iis
inab'i lity to reproduce resurts may be the fauri of tnis
coserver or may be tne resurt of a como.inarion of boih
factors.

Duri ng the anal ysi s, scme dr ffi cul
the Suchey methoo's were icenrif.jei by the

tres as_qociatei with
auihor'. In the mal e
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rnethocj, phases Irr and rV are typical ly differen:iatec b;:r the
cornpletion of t.he oval ou.'l ine surrounding the face of phase

rV pubes. in adc'ition, phase rV oubes ma'r have a distincc rim
and bony g rowths on the i nf er i or ha'l f cf the symphys i s ae)r-

occur (Suchey et dl. , lgs8). Examrnai'jon of the casts used to
i I I us'.rate the si x phases ( produced by D-i ane France ) , reveal -c

thai ohase r I i stage 2 puoes appear co be very si mi I ar i_c

phase IV -qtaEe t pubes. the difference being cegree of
comp]erion of the ventral lim. A review of the cases useo rn
the intraobserver error test for the st. Thomas' sari"lole

i nd i cates that phase i i r pubes were esti ma-ued cons i stentl y on

fwo occasions, phase rv pubes were estimatei ccnsisten.tlv on

fourleen cccas'icns and i n f ive cases the estimation cnangeo

f rorn one pirase t,o the of her. The*ce resu I ts .i I I ustrate the
iiff iculty of reliably assess.ing phase III stage 2 and phase

rv stage '1 pubes and partially explain the high le.rel of
t nfraobserver error.

An accitional prcblem ideni-ified for both suchey meEhocs,

\^ias the oifficulty in Cifferenriating beiween phases III (Z)

or rv ( j ) anci t/r. specif ical ly, ther e was some ques;rcn as to
whether the ventral r.i m was i n the process of f ormi ng or
breaking down. This prob.rern nay be experience related. An

exam'ina*uicn of the data generated during the intraobserver
error stuoy reveals Lhat the incorrect assessmenr, fJas more

fr-equentlv- made during trr€ first set of observai-ions than rn
fhe second (4 to 2), aithough the sarnple size js far toc sara rl
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to stalistical ly support this conclu*sion. on tne other hand,
suchey ( 1979) ciscovered that researchers using the Gi lbert-
Mciiern ( 1973) technique also had problems determ.jning whether
the ventral rampart i^/as in the process of being bui lt up or
broken down. Perhaps greater- el aborat'icn concerni ng rhe means

by vrhich one distinguisires betweeil the two srtuations is
req'u r red .

if ihe 'jntracbservei errcr resLrr ti ng f rcrr rhe t,wo types
of proclems outline'i above is el.iminat,ec, the suche;r-6s17
(19Bo) rnethod is reouced ro i1.4% intraobserver error. o. fhe
other hand, even when these t,wo mai n sources cf ,i ntraocserver
error a, e removed from the Suchey,-Srooks (suchey et a1., igsB)
meihod, intraobsei-ver error is still unaccectably hjgh aL 24%.

Although hardly conclusive, these results suggest rhat the
suchey-Katz methoi of est,i rnati ng age-at-death f cr ihe mal es i s
more re I i ab I e than the sucheyr-Brooks method f or f ernal es .

The I eve I of i ntraobserver error f or the aur.i cu I ar
-surf ace method (19 -3%) was much more reasonabre than the
'levels ocrained f or the pubrs methocis, airhough it was st.r rl
unacceptably h'ign. f,1ost of t,he error (15.2%) was cornorised of
cases that cii sag.eed by one category, suggest,i ng that. mi nor
refinements, rather ihan cornplei,e reversals of decisions, were
taki ng p1 ace. S i nce mos'u of the aur i cu I ar surf ace aqe

caiegorres span oniy five years. a change in one caEegcry
results in onry a few years c;fference. rn contrast, tne
Suchey-ii,aiz and Suche)/*tsrcol.,s age ranges are so ext,ensjve tnai
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a change of one caf;egory cculd mean an tncrease anywhere from
9-10 (Suichey-Kaf:) or 4_17 (Suchey_Brooks) years.

rt is argued, therefcre, that the auricurar surface
method can produce reriabre results and, in t.his respect, rS
supericr ro fhe pubic s)rmphys'is approaches. This is somewhat
*surpri sr ng gi ven the greater di f f i cu.lt;, i n appl yt nE ihe
aur^icular -surface technique as comparei to the pub.ic symphlrsis
methocs ' l4any of rhe indivicual char^acLer-rstics exarnrnec r-fl
-uhe au.icurar surface sy,stem are diff.icuii to as_qess, gra.ln
and densrf:z being tne most problematic. In acidiL,.on, the
f ornrat of th i s t,echn i que i s rnore comp 1ex ani requ i res a
sl ightly differenE approach ihan is usLrar in ege estrmation
rneihcds. The emphasis is on iescriptionsi there are no casts;
and the pjctures and ohotographs represent, no: the range of
variabiIity, but rather the modar appearance for each age
category. cieariy, however, the rel iabi I ity of the auricular
surface methoc makes the comprexities invorved in apprying it
wori-h rnasteri ng.

Super-f r ci ai i;r, the Suchey_Brocks melhoc appears ic
provice r.he oest age-at_death esi.jmates. Accuracy (Table 1g)
rvas 91% anc tne normarized inaccuracy ano bras va.rues (Tabre
20) were alsc comparatively successful: one of the lowest
levels of 'iriaccuracy (g.e yea'^s) in addit,ion tc tne rowest,
degree of bias (-2.g years). However, Figure 13 illustrar-es
exacliy why t'his technrcue is successfur. The age ranges
emp.loyei i n the Suchey-Brcoks system are so expans r ve that
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only rhe ver'-y young and t,he very old categories are mutual lv
exc I us i ve. In some cases , uF to four age ranges can

accommodate the same incivrdual. it m.ight, worfr, but on 1r,s

own' the s)rst,em praviies the researche;^ with ver)/ litile
practrca I irformation beyond the fact r-hat, the .indivicual is
yoLjnger or ol der.

In conrrast, lhe Girbert-Mcliern met,hod produceir an

accuracy of 45% (Tabre 19) but fared oniy sr'ighiry wcrse i-han

Suchey-tsrooks in bctn .jnaccuracy (10.4 years) and bias (_3.3
years). The Gilbert-McKern approach is better in the younger

age categories whi le the suchey-Brooks mer-_hod producec

sl ight,ly beiter results 'in the ojdest, age category. rn bor,h

sys"uenrs there is a tendency tc underaEe indi,riduals over f rfiy
years.

The Gilbert-McKern syslem has rhe pract,ical acvantage of
smal ler age categories, which may be of l.ittle consequence to
paleodemographers, but which .is invaluab'le for forensrc
purposes. on the other hand, t,he suchey-Brcoks method,
crstribut,ed in tne manner suggested by Jackes (hereafter s-B-
J), prcduces ;he age profile most simrlar to the one develooed
f rcm the par j sh regi ster ( F,i gure Z1) . The cne i rawback .i s

its prccl'ivir:y for placing some of the inci'jv'jduals over srxry
years of age rnfo the 4c-49 year category. This tendency
cou'ld result in major iiff icult,ies for researchers attemotrng
to prcduce 'i ife tables, since many I ife table calculaticns
depend upon tire numcer of indiviciuals in the oiciest aqe
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ca-regory. Th i s probl em mi ghl be corrected i f a more deta_. I ec
description of the means by rvhich one differentiates bet'een
ventral rim ccnstruction and ces.Lruction courd be incruded in
the methodoIogy. None of the ot,her female techniques
( suchev-Brooks, Gi I berr-McK.ern and Gi I ber^t*McF..er-n moo i f r ec
following Jackes tG-M-Jl) managed to even apprcximare r,he
actual ug" profile (=.iSUres Z0_23). Thrs suEgest,-q t,hal the
sucne;r-Brooks and G'i I bert-McKern methocs may be adequa:e r n

iniivrdual cases, however, in the cons"rucrion of an e?e
profi 1e, t,he inherent biases of these systems become magnifrec
to such a degree that, they ciistort t,he ciist,ribut,ion and render
it useless' Thus, f;he Girbert-r"jci.r.ern rnetnoc appears Eo De

beiter in individua'l cases, whi le the s-g-; approach provroes
a more accurat,e picture of the sampre's age cist,ributrc..

The aurrcular surface technioue proved t,o be the secord
mo*st exact method of estimating age-at-death. exhioiting an

accuracy (within cne age category of the ac:ual age) of i7%.
Ftgure 14 and Table 2C i I lustrate the 1:encency of this s)/stem
lc sl ightl;r s'Tsrage ycunger rniivicuals whi le underaging o,rcer
i nci vi dual s - Thi s paltern cf under- anc overagri ng .r'/as ar sc
'icientified by Murray anc V,urr-ay (1991). The;r ncrec that
sornewhere bet,ween ages 3o and 40, a crossover poi nr occuf^red.
Table 2A places this crossover at abour 40 years.

E^perience wit,h the method does no+u appear to have playec
a rcl e i n t,he i ncorrect age assessments sr nce the
rnisclassified indlviduals were anal:/zei. at various t.jrfies
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the study (iune

The normal ized inaccuracy and bias values (g.4-.10.g years

arrd -6 .3 tc 2.7 years, respecti vel y ) i ndi cate t,hat the
auricular surface technique is comparable to the suchey-Brooks
and Gilbert-McKern methods but is much more successful than
et ther the suchey-Kat-z or- McKern-stewart me+_hods. Tabl e 2i
ccrnpares the levels of 'rnaccuracy and bias in this
i nvest i gat i on ro those obta i nec by Love j oy and co 1 

'l eagues
(1995). while the inaccuracy varues are comparable (in arr
ranges except 60+), the degr^ees of bias are nof . Noi only is
bias general ly higher in th'is analysis, but the patterns cf
bias also differ. Both siudies .indicate sl ight overagrng .rn

the younger age categcries and both indicaie sl.ight underagrng
rn the 40-49 year range. whereas this investigation fcund
underag'ing a problem in al I older categories, Lovejoy et al.
(19e5) found no bias or on'ry slight overag.rng rn the same

categcr i es .

The fact t,hat the pat,terns of bias icent.rfied herein are
identical to those of Mur?a-y anc Murray ( 199i ) and both drffer
frorr the originai siuoy, suggesis that oiher, ncnage-reraiec
factors may be affecting the result,s. Murray and Murray ( 1991 )

verif ied that the aurrcular surface technique was equal l-r,
applicable tc a'l I ind'ividuals without adjustments for^
popu'lat,rcn or sex. Until it is confirmed tha+- the 5DO

i nd 'i v'r dua I s f rom t,he Hammon-Todd co'l I ect, i on used by LoveJ oy et
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al ' ( 1gg5) to ceverop t,heir methodorogy, had documenrec ages
rather than anatomically estimated ages associated yrit,h them.
the pcssibirity remains that the pattern of bias discovered b:u

Murray and Murray ('r gg1), confirmec here, was buiri inro t,he
met,hodc I ogy as a resu I t of these est r mates . If this
hypothesis 'js ccr^reci, other researchers w.i r r continua.r 1y and
rne'ilacry discover a s,-mr iar probrem witn iheir a-utempls :o
emp I oy the au r .j cu I ar *su rf ace techn i que .

'uhire 
this merhod may be u*sefur in some individua'i cases,

Figure 15 indicates thac age profires createc from aurrcurar
surface age esiimates w-j I I produce inaccurate patterns of
mortal jLy. When -uhe resuIf,s of the Suchey methods (using the
Jackes ciisiributions) are combinec, rhe age profire that rs
crealed is closer to the actual profile than is t,he auricular
surface methoci d'istribution. of course, ai1 of the prcbrems
assocrated with the individual Suchey sex_spec.jflc aqe
profiles are present in the combined age dist,ribution.

The I east accu rate sysiem of age est.i rnat i on was ihe
Suchey-l-atz cechni que (7Ox accu racy) . The McKern_Siewart
methoC fared s 1 i ghtl y bef;t'er exh i bi tr ng an accu racy cf 7 Ay.
(lacre r9). Examina-uicn of the inaccuracy and b.ias revers
(Table zo) 'indicate rhat the two technigues are ecuarllr
effective in the younger age categories but that the sucne_v_
Katz methoc produces somewhai betier resurr,s for individuars
over 5rl years. Both systems tend to underage. The s r i ghir v
hrgher accuracy of tne Mci,ern-stewar^t metnod, cespire rts



154poorer i naccuracy var ue, c6r,r probabr y be expr ai ned by thed'ifference in the sampres used'in carculating accuracy. Fourcases agecj by the Suchey_Katz technique could not be assessed
using the McKern_stewart method due to the incompleteness ofthe specimen' rt is rikery that the potential for error is'increased when anar yzing f ragmentary remains, thus the nigher
accurac-v achreved for the r'lcFern-stewart method is exprained.

The McKern-stewart system has the aclvantage of srral I erage categories which wourd make it more usefur in indrviciuar
cases' except for the fact that rts ordest range is oniy 35+,
mak'ing it useress for order individuars. Ne.ither the suchey_
KaLz nor the McKern-stewart methods produced a particurarry
accurate age profi 1e (Figures 16 and 1S). Both profi lesgenerated from the McKenn_Stewart technigue (wjth anC withoutJackes distribut,ion) were absolutely and completely
inappropriate, however, the ma.in fraw with the suchey-r,acz(with Jackes distribution) prof .i re was erevated percenrages ofoeath in the 17_2g and 30_39 year categories at the expense ofthose jn the 6C+ divisjon. This inadequacy can be linxeO tothe problem of cifferentrat.ing between phases IiI (Z) or IV(1) and'r' discusseci previousiy. rf this probrem courd beeradrcated, the s-K-J method wourci be capabre of generating anaccurate age profrle for the sample.

Thus' it wourd appear that t,he McKern-stewart methco
pr'^ovides a more usefur estimate of age for younger indrviduars
out the suchev-Katz system is better for order individuars and
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6. 1 SUMM,ARY

The precision and accuracy of the pelvrc and cranial
morphorogicar methcds cf skeretar sex oeterminat.ion and rhree
systems of pervic age estirration were t,ested cn a sampre oi
approximateiy 279 individuars from the lgth century sr.
Thomas' Angl ican Church Cemet,ery .in Bel.levi I le, Cniario.
Documentation in the form of parish buria.r , marriage ano
baptismal records exists for the entire cemetery but on.ly 55
tndividuals over j7 years of age are Fersona r1y icjent,rf iec.

Sevenleen traiis of the bcny pelvis were exarn:nec
indivtdual ly ancj jo.intly .in order to establ ish wnrch
combinat,ion of pervic feat,ures produces .he most precise anc.
accuraie determi nat i ons cf ske r etal _sex . The phen i ce ( 1 g6g )

criteria were given special attention, both indiv.idual ly and
as an enf r re syst,efi, due to the recent controvers)/ surrouncinE
tne rate of -uherr success. The method which employs all
seventeen iraits to determine sex was examined in order to
est,abl'ish whefher it, exhibits a propensity to misclassif y cne
sex more frequentry chan the other. A simirar approacn was
Laken f or sevenreen cran i al crat t,s.

ine accuracy, jnaccuracy and bias of t,he Suchey-Katz
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( 1936) ' suchey-Brooks (suchelr et dr., 19Bg) anci auricurar
surface (Love.ioy et 3r., 1gg5) systems of esiimafing age_at_
oeath from r.he human skereton were caicurated and compared to
the older methocjs of McKern and Siewart ( 1956) and G.i lbert ani
I'lcKern ( 1s73 ) . Age prof i r es produced f rom the pari sh records
we re usec as a standard of compan i son f or the p roi- i r es
generated by each of the age est,irnation systems exarnjned nere.
The Jackes ( 19E5) method of pubic age distribution was appr ied
to each of the pubic symphysis age estimation techniques anc
the resulting age profiles were also compareci to the parish
register profile.

The resu I ts of th i s anal ys.is i nd i cate that bcih thepelvic and cranial methods of morphological sex determrnation
produce -qex ratios 'indi-stinguishabre from the docurnenteo
ratio. on an indiviciual basis, however, the precision ano
accuracy of the pervic approach is superror to that of the
craniar approach. Features of the anterior pelvis are more
useful -uhan those of the pcsterjor pe1,ris. No difference
exisis between criteria of the face ano calvariun,. Three
features, posf;e rior view of the sacrum, zygcmar.i c rcot
extension and occipitar rnuscre mar^kings, exhibit increased
accuracy wif,h ?9€, aithough use of the comprete pelvic cr
cran'iar trai*, rist, concears these rerationships and produces
no age-rel at,ed af f ect on accuracy.

Of tne phen j ce ( 1 36g ) cri t,er.ia, the veniral arc i s
single mosi useful tr^a.jr exh.ibiting both hish precjsion ( 1o'
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I ntraobserver error ) and hi 9h accu racy (gS.9%) . The subpubr cccncavity ranked second and the ischiopubjc ramus last. Infact, the ,rtigh intraobser^ver error of the .ischiopubrc 

ramus
( 11'32) suggested that, this feaiur^e is urlrer iabre anci thar .ir
shou I d be exc I ucjed f rom the ana.lys i s. The greatest success
wr th the phen j ce cr j teri a lvas obt,ai ned usi ng the rzentral arc
anc subpubic concavity in cambrnation (92% accu racy). Despite
be'ing more c10se1y rerafed to McLaughrin and Br.uce,s (rgg0)
'i 7th and lgth century Engrish sample, the st. Thomas, marerrar
produced resurts simirar to those of sutherranci and suchey,s
( 1991, i9B7) North American sample.

Most of the cranial crjtelia employed .in tn.js siudv !ver.previousl;r recommended fo ---*'N,c\ ' N'!L!6 i.--c,i{r+i, "-i^ use by,..Hrd I i cka ( S€ewart, 1 g52 ) .,1.",1r-1. L1
rt, is norewo rthy ihar rhe accu.;it;];;;T"J%;l*i;..
almo*st identical to what he achieved (90%) and the indivrdual
crrterja rankings also cornpare favourably. These results
suggest tirat, when emp l oyed as a group, scme sexua i i ydimorphic craniar features can be used successfulr.v cn avarier-v of pcpurations' Howeve:^, some variaiion .rn tnerr
r ndividual useful nes_s ex isi-,s.

Because so few errors are made when coniuct.ing pervic anicranial mcrphological assessments of sex, determinrng ti,te
di rect'ion of error fcr eacn of these approaches is iif f icurt.
on'ly twc i ncorrect, as*q r gnments of sex were rnade us i ng thepelvrs' Both trmes femares were mistaken for mares. sevenmisclassif .ications were made using the skul l; four were male



159and three female. Although hardly conclusive, the evidence
-sugge-sts that' the initiar hypotheses are ccrrect. pervic
assessments are biased .in favour of males because pre_adolesceni pelves are more male_like. In order tc acnteve acla-ssrc female pelv.ic form the adole*s6sn1 fernale must undergochanges re,rated to accommodat,inS ihe birtn of en infant,. Ifa female pelvis does nct obta.jn tne classic form, ii rs

con's r derec ma r e ' on the other hanci, cr-an i ar assessmenrsfavour femares becaLise pre-adorescent skur rs are more fenrare_like. If a skull never achieves a classic male appearance, itnecessari l_v appears female.
When bof;h prec i s i cn and accuracy are taken .int,o account,,the auricu jar surface technique cf est.imating skeleta I age_at_death produces the best resurts for.inr,iviciuar cases. rt hasthe rowest lever of intraobserver error and jts accu racy iscomparabl e to both the Suchey_Brooks and Gi I bert_McKern

systems and is superior to both the Suchey_KaLz and theMcKern--st,ewart methods. In aCdition, because ihere rs aiendency for the pub'ic symphyses tc become ciamagec in cemeter^ysampies such as St. Thomas,, as coff,;n l.jds decay ailc ca\,,einwarC, the auricular surfaces are usual ly better preserved.
In this case Z4g adults were represented by at least onesr,"ricular surface, whereas only 171 inCiviiuals i^/ei^erepresented by at least one Fubic syrnphysis. One ma.iorprcbrem with the auricurar surface method is its teniency rooverage i'd i v j dua r s r ess Lhan 4a years anc underage
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individuals greater than 40 years. This paitern was

identified by Murray anc Murray (1991 ) and f{as ccnfirmed in
thi s study.

Probjems with phases III (2 ) or IV ( 1 ) ani VI were

i denci f ied f or both of the suchey melhocs ano contri but-eci

si gni f i cant'ly t,o the 'level s of i ntraobserve, errcr. The

accuracy of these methocs were acceptable mainly because of
the wide age ranges ccvered by each phase. Ja^f ? r -2 I l\/!.rvs rJ

speaking, the estimates prov'ioed by the suchey meihocs are t,oo

broad to be useful in ini'ividual cases. f{hen usec to prociuce

an age profile, however, the suchey systems (with the Jackes

[1995] di-st'ribution rnethod) are fairly successful althougn tne
paitern is distorted by the cjiff iculfy associaied wit,h phases

III, IV and IV.

6.2 CONCLUSIONS

rnt,raobserver, and whenever pcss'i ble, interobserver error
tests should be conductec as a rout'ine par-u of e,rery skele.r:al

analys'is. They can be usec'in stuciies invoiving morpho'icg.;..'t
sex deiermination io icjeniify cr.iteria that cannot be rel.iably
assessec. The degree of error can as-si sf, the researcher i n

deciding whether to exclude the problemat,rc features from the
analysis oi- to include them cut to Eive them less weight than
oiher tra'its. l!hen employei in conjunction with estimations cf
age-at-oeath, i ntra- and i nt,erobse rver error f;esrs i clenti f y
which methocs a given researcher exhibi-us gr-eaier ccmpetence
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wi th and whi ch methois are gener^ai 1y more rel j able.
Preci-se and accui-ate sex prof i res may be obtaineci through

assessments of either the pelvis or the skull but on an
ind'iv'idual basis t,he pelvic results are super.lor. Even when
both types of informat'ion are ava,i rabre, the craniai ciata
should ser\./e cnry to conf rr-r'n the peivic assignment. blnen usec
in combinalion, the mcst r-er'iabre and accurate resuiis may be
obtained f rorn an examinaiicn of ihe foi iowing six pel,ric
c.ite.ia: ventrar arc, obturatcr fora,11en, t,rue pervis shape,
sacrum shape, subpuorc ccncavrty and pubis shape. Reacers are
advised to avoici using most of the other fearures s"ince t,hey
tend to be ress precise and ress accuraie ani rnerefcre
tnt'roduce greater ambjgu'ity int,o the equation. If fcrceo !c
rely upcn a cranial assess;"nent, f,he fol lowing eisht crireria
procuced the r east amount of -intraobserver error and .t,he

greatesf degrees of accuracy: supraorbitar ridges, mastord
size' malar size and shape, cccipitar markings, chin fcrm,
general size, zygomatic root, exlension and mandible shape.

The resurts of tne age estimat,ion tests confirm many cf
f he ccnc I us i ons reacheC by othe r researche rs ( J ackes , r. i.,,

press; Mejncl and Lovejcy, jggg; MeinCl et, dl., tge3). None

of the techniques examinec in this investigation are precrse
and accura'te enough to be emp.l0yec excrus'i'le cf o:hei^ sysie,ns.
Althcugh the auricurar surface method producec t,he cest
resulis on an indivicuar basis, the dist,.inctive pat-uern of
over- and unCeraging +.hat is exhibited b:u i,hrs tecnriique
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rndicat,es a nofacre prcbrem w.ith rhe approach and curminates
in an ocviousry inaccurate age prof i re for the entire sarnpre(see Figure 1S).

Unfortunately, in this analysrs, the Suchey_ Brock_s ano
suchey-Katz methods prcved to be unrer iabre. Er iminat.ion of
fne diff icuttjes associated r.r jth phases III (Z), IV ( j ) and V.l
of the sucire;r-i.atz system, ident.ified in this study, wcurc
make this mer_hod much rnore useful than is curr-ent,ly ,jnC.icated.
Even -so, tne large age ranges produceci by this rechnique malle
lE more valuable for analysis of samples (when the Jackes
method of distributing Fubic ages is appr ied) tnan for
analysis of individuals.

These findings suggest that Bouguec_Appel anc Masset
/ { A-- \\trt{) may be just,ified jn bidding ,,farewell topaleodemography". A,,,erage age-at,-death (e" on rife tabres)
depends upon accura+ue adurt age estimations, JacKes (in
press'i ocserved that' arr too frequent,iy, archaecicgicai
samples produce results which deviate from model tables and .i1;

is assurned thai curlurar cr pcstdepcsitionar processes arerespcnsibre. Few pecpre consider the arternative erpranarrcn:
that' ad,rt unceraging is the cause of the unexpecied resurts.

Figures 12-14 and Tacre 2a i r rustrale t,he degrees of
underaging for the rnet,hois exam,inec in thi*. stuiy. clearly
average age-at-oeath carcurat,ions based on tnese resurts wourd
be inconi ect anci Figures r5-23 indicate houi iraccurate ace
p rof i r es based on ske r era-r age est i mat i ons can 3e. Al I rs
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'iiuL r.,sr' Jackes (in press) has suggesied _some means cf
c'r rcurnventing these probrem-s so that pareociemogiaphic ana-ryses
rnay cont'i nue . She notes , however, that the va I ue of such
aPProaches nay be limiteo,.

Di-le to the smarr sampre sizes emproyed in rnan:i oi .hetests ccnducted in this investigation, the concrusion,s reachec
are by no mean*s def .i n.i t.i ve . Rather , the,v ere a st,art i ng pc i ntfor further anal yses. Future stud i es shou I d att,enpr tcrdentifv both pervic and craniai criteria that, can be appriedsuccessfurrr- to any Dopuration. ri is arso necessary torsolate and exclude criceria that are rnherently Oifficult loassess. The effects of age cn the accure.y of each t_raitshourd arso be exarnined in greater derai r and cn iargersamples. Althcugh very few features jn this siucit/ exhibitedstatrstically s.iSn.if .icant differences in accu racy due t,o rS€,a number of age_r-elated trends were rdent.ifiecj. It.is clearthat too rnany supposit.ions concerning skeletal sex criter.ja

have been made over the decades anc it is t,ime tha: we sloppedperpetuaiins tnese assurnptions and began nnet,^cdcicg,;ca1 1vtesting them

rn addition, it appears that revis.ions tc the auricurarsurface technique are required in order io errminaie thed'jstrnct,ive pa.tern of undei__ and overaging notec b:t Murra:/
and Murray ( j991 ) and ccnfjrmed here. It would also be usefult'c known whether other resear^chers finc it ciffrcurt !odifferentiate berr,ieen the suchey methcds, phases rrr (z) cr Vr
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( 1) and Vi. Since errors of this type ccntr-ibuted
significantly to the incraobserver error levels of thisinvestigaf jon, the jr el im.inat jon woulc result in aconsrderable improvement in the rel iabi I ity cf the merhod.

The importance cf archaeologically excavated hist,oric
cernetery materi al j s made ev.ident, by thi s study. H r stcr.i ccemeter.ies provrde the advantage cf large sarnples contarning
individuars whose ages -span the entire range cf human rifeexpectancy' t4any of the other biases associaied with mecicar
schoor cacavers and dissection room sampres can arso beavoided through the use of histo.ic archaeol0gicai sampres.

The Feople buried at St, Thornas, !.rere from va;-jcus
scc'loeconomic classes (DOA series f , part, 35A; Eoyce, 19g1;
1 967 ) ' conseQue't1 y, many were unaffected by povert,y andnutri tional defi ci encies. In the past, cissection room
sampres and nredicar schoor cadavers, cornposed iargely of poor.
elderly indiv.iduals (St. Hoyme and fgcan, i9g9), formed thebasis of siudjes ccncerning sex determjnat.ion anc ageestr,.i"ratron. Curi-ent invescigators have speculated thar, t,he
ef f ects of poveriy cou r d easi 1y have been m.istaken for sex_
ans age-related character^istics ( ibid). Greater ernphasrs onhistoric cerneteries w.i I I help el iminate th js concern.

As our cities confjnue to change and e)<pand, e)(cavation
anc rerocation of historic cemeteries wi r r become increasingiy
f requent,. Researchers rnust recogn i:e the val uao.leccntributions ihat anarysr.s of such mai,er-iar can provide and
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must commun i cate t,he i *portance of ske r eta r assessment,s tcthose in charge of cemetery relocat,jon prcjecf;s.
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APPENDIX 3.
PHASE MEANS, 

SI1IDARD DEVIAJIONS AND RANGES FORpuBrc syMpHysrs AGE'Esrrunrroru sysrEus

Suchey-Katz (male)

Phase Mean S.D. 95% RangeRange

Suchey-Brootis (f emale )

r 18.5 2.1II 23.4 3.6III 28.7 6,5rv si.z ;:;v 45.6 10.4vI 61 .2 12.2

Mean S. D. gE%

1 9.4 2.6 1 5_2425.O 4.9 1 9_4030.7 8.1 21_5338.2 1 0.9 26_7A48.1 14.6 25_8360.0 12.4 42_e7

Gi I beri-McKern (female )

Score Mean S. D. 95%

0 16.00 2.82 14_181 19.80 2.62 13_2;2 20.15 2.19 ro_as3 21.50 s.1o 1e_t;
a .5 25. OO 2.61 22_rs6 2s.62 4.43 t5_56
7 .e 32. oo 4.55 23_39

33. o0 7 .75 ,;_;o10- 1 '1 36 . 90 4. 94 30_47
1 2 39.00 6 .09 32_5213 47.75 3.Sg 44_iir4-15 55.71 s.24 Se_ie

Gi I bert and McKern, 1 973

1\-t2
1 Q- a,,t

21-AA

34- 86

Phase

TT4r
TTT
T\i

Source: Suchey et. al., 1ggg.

McKern-Stewart (male )

Scone Mean S. D.
Range

0 17.29 .49 _171-2 19.04 .79 17_203 r e. 7s .8s 1 8_ii4-5 20.84 1.1s te_it6-7 22.42 . se 20_ii8-s 24.14 1.s3 ;i_;;
_10 26.05 1.87 ia_r;11-1s 2e.18 3.3s ;5_;;1! 3s.94 3.89 eg+--15 41.00 5.22 36+

95% Range

Sou rce : McKe rn and Srewart , .l 95 7




