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ABSTRACT
The precision and accuracy of 17 pelvic and 17 cranial features
commonly used to assess adult skeletal sex and three systems of adult
pelvic age estimation were tested on a sample of 278 individuals from the

¥

19th century St. Thomas’ Anglican Church Cemetery in Belleville, Ontaric.
Documentation in the form of parish burial, marriage and baptismal records
exists for the entire cemetery, but only fifty-five individuals over 17 years
of age are personally identified.

Both the pelvic and cranial methods of morphological sex
determination produce sex ratios indistinguishable from the documented
ratio., On an individual basis, the precision and accuracy of the pelvic
approach is superior to that of the cranial approach. The most reliable
and accurate pelvic results may be obtained from an examination of the
following six criteria: wventral arc, obturator foramen, true pelvis shape,
sacrum shape, subpubic concavity and pubis shape. The following eight
cranial criteria produced the least amount of intraobserver error and the
greatest degrees of accuracy: supraorbital ridges, mastoid size, malar size
and shape, occipital markings, chin form, general size, zygomatic root
extension and mandible shape.

Three features, posterior view of the sacrum, zygomatic root
extension and occipital muscle markings, exhibit increased accuracy with
age. There is no age-related affect cn accuracy when the complete trait

lists are emploved. Pelvic assesments appear tc be biased in favour of

iii



wales while cranial assessments seem biased in favour of females.

Of the Phenice (1969) criteria, the wventral arc is the single most
useful trait exhibiting both high precision (0% intracbserver error) and
high accuracy (86.9%). The subpubic concavity ranked second and the
ischiopubic ramus last.

None of the age techniques examined in this investigation are precise
and accurate enough to be emploved exclusive of other svstems, When bot!?

precision and accuracy are taken into account, the auricular surface

‘D

technigue of estimating skeletal aze-at—-death produces the best results for
individual cases. One major problem with this method is its tendency to
overage individuals less than 4C vears and underage individuals greater
than 40 yvears.

The accuracies of the Suchey methods are acceptable mainly because
of the wide age ranges covered by each phase. The estimates provided by
these methods are too broad to be useful in individual cases. When used
to produce an age profile the Suchey systems (with the Jackes [1985
distribution method} are better than the auricular surface method. The
pattern is slightly distorted by problems associated with phases III (2), IV

(1) and I‘v"-
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CHAPTER ONE
1.0 INTRODUCTICN

A fundamental part of any skeletal analysis, whether
archaeological or forensic, 1is the estimation of age and
determination of the sex of the individual or individuals 1in
guestion. Numerous methods for obtaining these data currently
exist and revisions to established technigues as well as the
introduction of new procedures are commonplace 1in the
anthropoiogical literature (for sex determination see: Acsadi
and Nemeskeri, 1970; Giles and Elliot, 1963; Keen, 1850;
Kelley, 1979; Phenice, 1969; Richman et al., 1979; St. Hoyme,
1984 : Singh and Potturi, 1978; Stewart, 1952; Washburn, 1948;
workshop of European Anthropologists, 1980; for age estimation
see: Acsadi and Nemeskeri, 1970; Gilbert and McKern, 1872;
Jackes, 1985; Katz and Suchey, 1989: Lovejoy, Meindl,
Mensforth and Barton, 1985; Lovejoy, Meindl, Pryzbeck, and
Mensforth, 1985; Stewart, 1957; Suchey, Brooks and Katz, 1988;
Todd, 192C; Workshop of European Anthropologists, 1980).
Equally important are studies which focus upon the accuracy,
bias, subjectivity and consequently, the appiicability of
these improvements and nhew approaches to samples outside the
reference population (Anderson, 19380; Bedforad et al., 1989;
Brooks and Suchey, 1890; Budinoff and Tague, 1990; Gilbert,

1
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1972; Henke, 1977; Kajanoja, 1966; Kelley, 1978; Lanphear,
1989; Lovell, 1989; MaclLaughlin and Bruce, 1990; Meindl,
Lovejoy, Mensforth and Carlos, 1985; Murray and Murray, 1991;
Sutherland and Suchey, 1991, 1987; Weiss, 1972).
Unfortunately, research of this type requires large skeletal
samples containing individuals of known sex and age. Such
samples are rare.

In 1989, the consulting firm Northeastern Archaeological
Associates, under the direction of Dr. Heather McKillop, was
employed by St. Thomas’ Anglican Church 1in Belleville,
Ontario, to relocate the obsolete cemetery on the church
premises. The number of burials was estimated to be somewhere
between 60 and 80. Thus, Northeastern undertook what was
expected to be a relatively small operation. Instead, they
became involved in one of the largest historic period cemetery
excavations in North America. In total, 579 graves were
removed (McKillop et al., 1989).

Although most of the tombstones at the cemetery had been
relocated or damaged over the past one hundred years, it was
still possible to identify individuals in approximateiy 15% of
the excavated burials due to legible coffin nameplates. It
was then possible to 1ink the nameplates to the S$St. Thomas’
parish registers which contain records, kept by each rector,
of the number of 1interments in the cemetery. The result of
this process is a subsample of 55 adult individuals of known

sex and/or age.
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Dr. Shelley Saunders of McMaster University was contacted
by Northeastern and was asked to conduct an analysis of the
skeletal material. Under her supervision, various graduate
students and researchers from McMaster and other universities
worked together to recover as much information about the
skeletal sample as was possible during the one year period in
which the material remained available for study before
reburial. I was asked to conduct sex determinations and age
estimations through morphological examinations of all of the
adult skeletons.

"Adult” was defined as individuals 17 years and older and
aduit status was skeletally determined through an examination
of epiphyseal closure. 1In order to be classified adult, the
ischium, i1ium and pubis had to be completely fused and fusion
of the epiphyses of the femur, tibia and fibula must have ceen
initiated (Krogman and Iscan, 1986). Anaiysis of the adult
material was conducted separately from subadult analysis
because methods which apply to one freguently do not apply to
the other.

The purpose of this investigation was to determine
whether sex estimations obtained through morphoiogicai
examinations of the pelvis and skull are significantly
different from the actual sex of the individuals as recorded
in the parish records. In addition, this analysis examined
whether there 1is a significant difference between three

methods used to estimate adult age at death and the actual



documented age at death.

The techniques under consideration include the Sucney,
Brooks and Katz (1888) and Suchey-kKatz (1986; with 1387
refinements) pubic symphyseal face system, and the auricular
surface method (Lovejoy et al., 1985). These techniques were
chosen based on their alleged ease of application and
Tikelihood of being emploved by other researchers as well as
for their professed accuracy.

Cnce 1t was established that the information 1in the
parish registers was accurate, both general and specific
comparisons were made between the results of the skeletal
analyses and the parish burial records. The sex and age
profiles generated from the parish register data were compared
tec the sex and age distributions produced from the skeletai
material in an effort to identify significant patterns of
differences which would indicate that the methodologies under
consideration were inadequate. The sex and age estimations of

the 55 perscnally didentified adults were compared to the

pary

actual sexes and ages in order to evaluate the Jevels c
inaccuracy and bias cof each method.

Tne nature of the St. Thomas’ skeletal sample sets this
investigation apart from other studies which have focused
on the accuracy and reliability of pelvic and skull
macrcscopic methods of determining sex or on the accuracy and
bias of age estimation technigues. Much of the research 1in

this area has been conducted on autopsy material (Sutherliand
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and Suchey, 1987), medical school cadavers (Lovell, 1983),
undocumented archaeological collections (Keiley, 1978) and
large dissection room samples such as the Terry (Murray and
Murray, 1991), Grant (Bedford et al., 1989) and Hamann-Todd
(Meindil et al., 1985; Lovejoy et al., 1985) collections. Thne
problem with archaeological material is clear: the sex and age
of the 1individuals are agenerally unknown. While such
information 1s available for dissecting room collections,
these samples are generally biased in favour of individuals
with below average sociceconomic status and, consequentiy,
inadequate diet and below average heaith (St. Hoyme and Iscan,
1983).

Researchers who employ dissection room samples to develop
new techniques could easily mistake the results of poverty for
normal variation due to sex (ibid) and age. Testing these
techniques upon similarly affected collections would simply
re~enforce such misconceptions. In order to reiiably test
these methodologies, it is necessary to employ material free
of these biases. Ideaily, one should examine a large skeietal
sample of formerly healthy individuals, for whom documented
sex and age are available. Since most samples are plagued by
some type of bias, the next best approach is to test the
available technigques on a wide variety of samples from diverse
backgrounds.

The St. Tnomas' cemetery site is particularly important

since it is the TJargest archaeologically excavated historic
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cemetery sample in North America. 1In addition, the existence
of parish records, newspaper obituaries, census data and
County Directories makes this sample invaluable (Saunders et
al., 13391), To date, there are few exampies of the use of
historic cemetery material as a means to test skeietally
derived sex and age (see MaclLaughlin and Bruce, 19860;
Lanphear, 1983), Thus the 8t. Thomas’ cemetery site nas
orovided the opportunity for a relatively unique approach to
testing methods of determining sex andg estimating age from the

numan skeleton.



CHAPTER_ TWO
2.0 THE SAMPLE AND ITS ASSOCIATED
DOCUMENTATION

2.1 SITE LOCATION AND BACKGROUND

The St. Thomas’ cemetery is located on the north side of
the St. Thomas’ Anglican Church, situated at the corner cf
Bridge and Churcn streets 1in Belleville, OCntario. The city
itself is located midway between Toronto and Montreal on the
north shore of the Bay of Guinte (Mika and Mika, 19885).
Bellevilie’s beginnings date back to the 1780’s when Asa
Wallbridge constructed a log cabin on the banks of the Moira
River., By 1789 approximately 50 United Empire Loyalist
families had arrived and formed the first permanent pioneer
settlement at the present day site of Believilie. Native
peoples, including Cayugas, Mississagas, and Mohawks had been
established in this region for some time prior to the arrivai
of the Loyalists (Boyce, 1981).

Originally known as Thurlow Village, the town’s name was
officially changed to Belleville in 1816 following a visit bv
Lieutenant-Governor Gore and his wife Anna Bella. The
population at this time was 150 individuals (ibid).

An important aspect of early Bellevilie was its reiigious

ife. St. Andrew’s Presbyterian, St. Michael’s Roman Catholiic

I

and St. Thomas’ Anglican Church were all established during

7
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the 1820°s, at which time the population had risen to nearly
1000 (1ibid). The St. Thomas’ Parish was actually founded 1in
1818; the church was completed in 1821; and the first burial
took place 1in August of that same year (Bellestecdt, 1989;
Diocese of Ontario Archives [DOA] series I, part 35A; Gerry
Boyce, pers. comm.). St. Thomas’ burial grocund was not the
only established cemetery in the surrounding region, but it
was used by Methodists, Presbyterians and others who were not
members of the church (Boyce, pers. comm.).

By 1834, when Belleville was incorporated as a village,
it contained 613 acres of land and was home to nearly 1,700
people (Mika and Mika, 1986). The 1840 Religious Census
reveals that Thurlow township, one of the olidest townships and
one that eventually gave rise to the city of Belleviile,
housed at least 10 different religious denominations (Beyce,
1967). The population continued to rise, new churches were
buiit and immigrants from the British Isles, Holland, France,
Germany and other countries flocked to Belleville (Boyce,
1991; 1967; Mika and Mika, 1986). By the 1860’s the population
had reached 6,277 and by the late 1870’s it had surpassed
11,000 (Mika and Mika, 1986). On May 1, 1874 a by-law
preventing further interments at St. Thomas’ was introduced.
From 1874 onward, St. Thomas’ parishioners were buried at the
Belleville municipal cemetery (Bellestedt, 1969; Diocese of
Ontario Archives [DOA] series I, part 35A; Gerry Boyce, pers.

comm.). Belileville continued to expand and by 1860 its total
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acreage was 5,937 and the population in 1966 had grown to
32,785,

The passing of the years and two fires, one in 1876 and
the second in 1974, took their tol]l on both the tombstones and
the burial records stored at the Church. Thus, when the
current St. Thomas’ congregation decided to add a new parish
hall to the church, it was thought that the puiiding site
contained only a minimal number of burials (McKillop et ai.

1989)

2.2 FIELD METHODS.

The excavation of the cemetery was a carefully controlled
process, Once the existing tombstones had been mapped and
moved, a bulldozer was employed to remove some of the
nonculturail overburden soil. The locations of many of the
individual burials were established through shovel-shining;
shovel testing disclosed the rest. The large crew of
archasology students and trained volunteers, supervised by Dr.
McKiilop, were divided into teams. One group was responsibie
for jocating burials through shovel-shining and test pitting,
while the other recorded, measured, pchotographed, excavated
and conducted shovel tests to the subsoil to ensure that all
burials had been removed. Due to the well-drained sandy soil
and excellent preservation, burials were located and removed
in one day, thereby reducing any chance of accidental mixing

of elements from different buriais (Ibid; Saunders et ail.,
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1991),

Once the excavation was underway, it became apparent that
the Cemetery was far larger than originally anticipnated.
Shortly after the work had begun, Gerry Boyce, a Bellevilile
historian, began to examine the parish buriail records for st.
Thomas’ at the Anglican Diocesan Archives 1in Kingston. The
documents indicated that approximately 1500 individuais had
been interred during the 53 year period the cemetery was 1in
use.

Plans for the new parish hall were modified so that only
one third of the total area believed to contain graves had to
be excavated. Consequently, the parish burial records include
information on the entire cemetery, but the excavated skeleta]
material is only a portion of the total number cf individuals
buried at st. Thomas’, According to the parish register, the
595 individuals removed from 579 graves during the excavation
represent about 40% of the total burials (Saunders et al.,

1891).

2.3 DOCUMENTATION

Since this thesis depends upon the sex and age
information derived from the coffin plates and curial records,
it was necessary to examine these Sources to ensure that they
were accurate.,

The first step in this process was to cross check the

data on the coffin plates to that listed 1in the parish buriail
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records. This work was undertaken by historian Gerry Boyce,
Mr. Boyce examined the nameplates, recording all the legible
characters, then compared the nameplate data to the
information in the parish registers. 1In some cases he couild
discern actual names and ages from the coffin plates, in other
instances he had only initials and year of burial. T he
final list of "identifieds" includes individuals of known age
and unknown sex. Cases of this type resulted when age was the
only information clearly visible on the namepliate. Without
additional information, identity could not be firmily
estabiished. When only the name of the individual was present
on the coffin plate, the parish registers were searched until
the name in question was located. The associated age could
then be recorded. Thus the "known" individuals are those for
whom information was clearly visible on the coffin plate and,
in most cases, could be confirmed by the parish records
(Boyce, pers. comm.).

The majority of names and ages taken from the coffins
were in agreement with the parish register. There were,
however, four names that could not be matched (Boyce, pers.
comm. ). According to the coffin plates or domes, three of
these 1individuals were maie and one female. Two of the
individuals died 1in 1865, one in 1871 and, in one instance,
the year of death is unknown. Unfortunately, these unlisted
names suggest that the register is incomplete, and perhaps a

sex and age profile based on this informaticn would be a
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misrepresentation of the actual cemetery sample. In order to
address this possibility, the parish register was assessed

e OT N T2 By
according to Drake’s (1974) methodology.

This process involves the detailed examination of parish
records in order to establish whether they can be considered
complete for the purpose of analysis. The procedure 1is as
foilows: establish that there are one hundred entries per
year; look for obvious gaps 1in the register: lcok for other
evidence of under registration; look for evidence that people
buried in other churchyards were registered in the parish
records; show that the sexes and ages in the records were not
themselves estimates.

1. The 1initial step 1in the evaluation of parish
registers was to estazbiish that there were at Jeast one
hundred entries, comprised of marriages, baptisms and burials,
in the book per year. This figure 1is, in a sense, arbitrary.
Its purpose 1is to give the researcher a focundation for
statistical analysis. Years containing below average entries
are extremely difficult to evaluate. Normal and expected
fluctuations cannot be differentiated from under-registration
(Drake, 1974).

Unfortunately, at St. Thomas’ the first twenty years were
marked by annual totals falling Jjust short of the minimail
requirement (Figure 1), This does not mean that the parish
reccrds cannot be used, 1t simply suggests that caretul

consideration be given to this particular period. It is guite



FIGURE 1. TOTAL NUMBER OF ENTRIES+ IN THE
REGISTER, FIRST TWENTY YEARS

NUMBER OF ENTRIES

*~ INGLUDES BAPT!SMS, MARRIAGES ANC BURIALS
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possible that the congregation at St. Thomas’® was relatively
small during the first twenty years and therefore incapanle of
generating one hundred entries per annum. Vestry minutes are
available for this period but they have not yet been analyzed
(Boyce, pers. comm.). By 1840, the situation had altered,
one hundred entries or more was commonplace. Bellstedt (19869)
supports the hypothesis that the congregation was much smaller
during the first twenty vyears stating that, “eventually,
[however] the church became toc small to accommodate the
congregation” (1969: 8) and in 1850, a committee to obtain
plans for a new church was formed (ibid). For a detailed look
at the number of entries per year over the entire fifty-three
years of the cemetery’s use, see Appendix 1.

Entries for 1821 were exceptionally 1low because the
records did not begin until July of that year. Thereafter, a
gradual 1increase 1in the number of events took pltace;
fluctuations were minor. The exception to the gereral pattern
was 1830-31 when the total number of entries dropped from 112
tc 67. A decrease of this magnitude could conceivabily
indicate a period of under-registration, but the drecp in
number does not coincide with any change to the parish itself.
Thomas Campbell remained rector during tnis period and there
were nc notations in the register indicating a disturpance in
reguiar activities (DOA microfilm series I, part 35A). The
decrease 1in total activities seems to have been caused oy a

reduction 1in baptisms and marriages. Since buriais do not
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contribute substantialiy to the overall decrease (11 in 1830,
9 in 1831), there is no reason to suspect that burials have
been under-reporteg (Figure 2).

Entries continued to remain low for the following four
years. The reduction may have been partly related to the
resgonse of the Bellevilie OWn council to the cholera
epidemics of 1832 and 1834, Belleville escaped the 1832
epidemic by posting armed guards on all rcads leading into the
town (Mika, 1986), Since St. Thomas’ parish 1included
individuals from the Surrounding area who may have been
prevented from entering the town (ibid.), the below average
number of proceedings recorded during this cericd cculd have
been a reflection of reduced activity at St. Thomas’ as g3

result of cholera, No one 1in the town dtseif actually

this with neither a noticeable rise nor a drop in number. The
evidence is inconclusive., Although the possibility of under-
registration cannot be excluded, it appears that burials wesre
largely unaffected.

Ancther possible explanation for the decrease in entries
is the poor health of Rector Campbel]. Althcugh the course of
his illness was not fTully documented, it s khown that he
became confined Lo his house 1in January 1835 andg that he died
the following September (DCA microfilm series I, part 354y,
Perhaps 1821 marked the beginning of the rector’s deciine. The

lowest number of entries during the twenty vears under
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consideration occurred in 1835, but once again burials do not
appear to have been affected (14 burials took place).

2. The first two of Drake’s (1974) tests involved
examining the register for obvious gaps between vyears or
months. The first entry for St. Thomas’ cemetery was in July,
1821. Fortunately, the burial sequences was uninterrupted and
there were no gaps of one year duration from July 1821 to May
1874, at which point the cemetery closed, Two gaps between
months took place: in 1823, no entries were made for Aprii:
in 1835, no entries were made for June. Possible explanations
for this absence will be discussed below. Drake (1974) notes
that gaps of Jess than two to three months duration are not
considered significant, therefore St. Thomas’ passes this test
of completeness.

3. The next consideration was continuity of recorg
keepers., Changes 1in handwriting and/or in the name of the
individual recording the events had to be examined to ensure
that they did not Correspond to gaps in the records., At St.
Thomas’ Church, the rector served as the record keesper (DOA
microfiim series I, part 35A), thus it is necessary to prove
that the death of a rector did not result in a period of
under-registration.

From 1821 until his death in 1835, Thomas Campbel]l was
the rector of St. Thomas’ Anglican Church, In January of
1835, Thomas Campbel] was confined to his house, For the

following seven months, various officiating ministers attended
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to the duties of rector of St. Thomas’ Church, including
Thomas Campbell whenever his health permitted. During this
period one month contains no entries. In May, Job Deacon
conducted a funeral and in July, John Cockran took on the
duties of rector, although he was not officially ordained
until after Campbell’s death 1in September (DOA microfilm
series I, part 35A). The fact that there was a change 1in
ministers over the same month, June 1835, during which no
entries were recorded is probably no coincidence. On no other
occasion when a change in ministers tocok place does a gap in
the records occur.

Although there is no way of knowing whether the absence
of data 1is due to the absence of a minister during tnis
period, or due to the fact that records were not being kept,
three different ministers did manage to officiate and record
events between January and May, 1835, without producing
obvious gaps. This suggests that during the changeover from
Deacon to Cockran events could have been relocated to another

parish cor fTorestalied until tne arrival of the new minister.

—h

Cnly death could not have been delayed. The guestion is, 1
a death nad cccurred during June, 1835, would the individual
have been buried at St. Thomas’? If this was the case, wouid
there have been encugh deaths during that particular month to
skew a sex and age profile produced from the parish records?
In orcer to answer the Jatter question an examination of

deaths occurring during the month of June for the decade 1831-
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1840 was undertaken. On average there were only 1.5 deaths
during the month of June. It is unlikely that one or two
unrecorded burials, even assuming that both were adults, could
cause a bias 1in the profile of an adult sample of
approximately 857, although it would reduce the number of
individuals who could be cross-referenced with the coffin
plates,

4. The next step involved reviewing the records for
evidence that people buried in other cemeteries were
registered in the St. Thomas’ parish records. For various
reasons (for example, a parishicner died in ancther city but
due to the affiliation with St. Thomas’ the death was recorded
in this register), there were twenty-three cases in which the
name of an individual buried elsewhere was recorded in the St.
Thomas’ register during the perijcd 1830-1874 (Figure 3).
These cases are clearly marked. The minister in question made
an effort to report that the burial did not take place at St.
Thomas’. Therefore, it appears that all funerals entered in
the parish register represent individuals 1interred at St.
Thomas’, unless otherwise noted.

5. The last step in this evaluaticn process was to
prove that the sexes ancd ages 1in the records were not
estimates. Satisfaction of the accuracy of documented sex was
a straightferward procedure. Most individuals were recorded

by name and/or were given titles such as Mrs.” or "Mr."

and/or were defined by some relationship to another
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individual, all of which contributed TOo remove any ambiguity
about an individual’s sex.

There were only 12 individuals (age unknown) for whom it
was impossible to determine sex from the records. These were
cases 1in which surnames were accompanied by the notation
“burial” but nc entry followed. Cccasionally, there was a
blank in place of a given name. Assuming that all 13
individuals of unknown sex were adult, this represents oniy
1.52% of the 857 adults listed in the burial register and
cannot be considered a significant proportion. Al
calculations based on adult sex ratios take these thirteen
cases into account by presenting ranges rather than specific
counts.,

Establishing the accuracy of recorded age-at-death was
much more probiematical. People are often unaware of the
actual age of a friend or relative and when required to state
an age, simply provide an estimate. Such practices could only
be ruled out in cases where age was recorded in years and
months or in years, months and days. In ail other instances,
one could never be certain whether some element of guess work
was involved. Ages that are even rather than odd and thcse
ending with (0) are particularly questicnable since, as noted
by Drake (1974), peopie are more likely to guess even numbers
than odd, and ages ending in (0) tend tc be favourites o
those doing the guessing.

In order to test for bias of this nature, all of the
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recorded ages were divided into categories pased upon the
digit in the units column. The totals are presented in Figure
4, Clearly, ages ending in 0 and in 5 are more freqguently
repcresented than cther ages. To test whether there is a
significant difference between ages ending in odd numbers and
those ending in even, a binomial test was run on SPSS pC+
v.2.0. Binomial tests indicate "Wwhether the observed
distribution of a dichotomous variable is the same as that
expected from a specified binomial distribution” (Norusis/spPss
INC., 1988: C100). See Appendix 2. for a description of the
binomial test.

In this case the expected frequencies for both cdd and
even numbers were 0.5, The first binomial test excluded ages
ending in 0 and 5 in order to determine whether the less
commoniy used numbers exhibited a Eias in favour of even ages.
The number of cases ending in an even digit were totalled as
were those ending in an odd digit. The binomial test was
conducted using these totalis (see Figure 4). The observed
proportion was 0.5071 for odd ages, indicating that there is
no  significant difference between odd and even ages
(p=0.7678). A secend binomial test, inciuding ages ending 1in
0 and 5, was run. The observed proportion for odd ages was
0.4387, indicating once again that there was no significant
difference between odd and even ages (p=3.9711). Although
some of the ages may be estimates, there is no apparent bias

which would preclude comparisons to skeletally-derived age
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estimates.

In addition tc problems associated with individual
records of known age, problems exist as a result of the
absence of exact ages. There are 95 individuals for whom age
is unknown. This represents a maximum of 11.1% of the adult
burial sample if all of the 95 individual records under
consideration are adult. Of those 95 cases, oniy €1 are
confirmed adults. Thus at least 7.1% of the adult group is of
unknown age.

Every decade has at least five cases of unreported age at
death (Figure 5), The responsibility for these absences
belongs to a number of rectors, suggesting that the apsences
are randem and that no particular age group has been under-
recorded. In order to test this hypothesis, two specific time
periods were considered. Twenty-five of the individuals of
unknown age (26%) were buried during 1830-1839. When the
documented ages of all the people buried during this period
are examined, no visual evidence of under-reporting of any age
group 1s evident. The mortality pattern for 1830-3%, 1is
similar 1in appearance to the mortality pattern of the
remaining vears {compare Figures 6 and 7). The same can be
said for the period 12860-1865 when an adcditional twelve (13%
individuals of unknown age were interred.

A lTog-Tinear test with chi sSquare residuals was performed
on 8ystat using a BIT 235 microcomputer to determine whetner

the twc subsample age distributions are significantly
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different from the rest of the sample. An explanation of the
lTog-linear test is presented in Appendix 2. The chi scuare
residuals are given in Tables 1 and 2. A residual greater
than 1.64 can bpe considered significant at the 0.05 Jjeve]
(Wilkinson, 19388),

The data indicate that there is a significant difference
Letween the 1830-39 distribution anda the distribution spanning
1821-1874 (Likelihood Ratio Chi square= 14.43, p=0.044, df=7),
but that no significant difference exists between the 1860-55
distribution and the distribution spanning 1821-1874
(Likelihood Ratio Chi Square= 6.06, p=0.533, df=7), Table 1
shows an abundance of individuals in the "one to fourteen
years" category and an under-representation of individuals in
the "sixty years plus"” category for 1830-39, While +he
abundance of children does not present any difficulty for this
adult-based study, the under—representation of older adults
could be a problem. There are two possible explanations for
this finding. First, Proportionately fewer people over the
age of sixty died and were buried at st. Thomas’ during 1830-
39 than died and were buried during the remaining time th
Cemetery was in use. Second, for whatever reason, the ages of
a significant number of people Sixty years and older were not
recorded in the parish buriail records.

There 1is good reason to believe that the former
explanétion is the correct cne. Belleville in the 1830°s was

still a relatively new community. The first Lovalists had
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TABLE 1. RAW DATA AND CHI SQUARE RESIDUALS FOR 1830-39

AGE RANGE 1830-39 1821-29 1830-39 1821-29
NUMBER OF 1840-59 CHI SQUARE 1840~59

BURIALS BY 1866-74 RESIDUALS 1866-74

AGE BURIALS BY RESIDUALS

AGE

< 1 YEAR 18 224 -1.13 .37
1 =14 YEARS 40 255 2.13 x -.70
156-19 5 39 .38 -.12
20-29 12 1023 .26 -.08
30-39 13 83 1.21 -.40
40-49 7 85 -.64 .21
50-59 9 79 .16 ~.05
60 + 8 185 -2.26 x .74

Chi square= 14,43 d.f.=7 p=.044

TABLE 2. RAW DATA AND CHI SQUARE RESIDUALS FOR 1860-65

AGE RANGE 1860-65 1821-29 1860-65 1821-29

NUMBER OF 1840-59 CHI SQUARE 1840-59

BURIALS BY 1866-74 RESIDUALS 1866-74
AGE BURIALS BY RESIDUALS

AGE

< 1 YEAR 57 224 .23 -. 11
1 =14 YEARS 68 255 .56 -.28
15-139 YEARS 10 39 <11 -.06
20-29 22 103 ~.52 .26
30-33 20 83 -.06 .03
40-49 29 85 1.39 -.69
50-59 19 79 -.07 .03
60 + 33 185 -1.51 .75

Chi square= .06 d.f.= 7 p=.533

* Significant at .05 level,
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only established themselves in the front townships of Hastings
County in 1784 and the first large group of loyalists had only
arrived 1in the Belleville area 1in 1783 (Boyce, 1967).
Population growth due to immigration was most rapid in the
dozen years before 1837 (1bid). Since most migrants are
adolescents and young adults between the ages of 15 and 35
(Browning, 1971; Grigg, 1877), it 1is quite probatle that
during and prior to the 18207s, there were proporticnately
fewer individuals over the age of sixty in Belleviille. The
under-representation of individuals sixty years and older in
the parish records during 1830-39, is more likely the result
of the demographic features of the period than of under-
reporting of the ages of older adults.

Thus, it appears that the individuals of unknown age who
died between 1830-39 and 1860-65, were randomly distributed
throughout the age range. If this holds true for the remaining
unknowns, then the absence of exact ages will not introduce
signhificant bias into the age profile of the populaticn.

In conclusion, it is evident the St. Thomas’ parish
register is not perfect in every respect. The coffin data
indicate that some individuals were buried without record, but
an assessment of the documents, following Drake (1974),
suggests that these are isolated examples. Reductions 1in
parish events occurred during 1831-1835 but the number of
burials was unaffected., No significant gaps in the registers

were detected. Parishioners buried elsewhere were so roted in
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the register. Individuals o©of unknown sex represent a
nonsignificant proportion of the total adult sample (1.52%).
Those of unknown age appear to be randomly distributed
throughout the age range., Conseqguently, a sex and age profile
created from the register data should be unbiased and
reliable. It can confidently be compared to the skeletally-
derived sex and age profile from the identified portion of the

cemetery sample.



CHAPTER THREE
3.0 SEX DETERMINATION

3.1 INTRODUCTION

Methods of determining the sex of an individual based
upcn skeletal remains can be broadly divided intc two groups:
morphological observation, also referred to as "subjective”;
and metric, or "objective"” techniques. Various researchers
have expressed a preference for metric analyses which empiloy
a variety of meéasurements in order to develop regression
formulae. It has been argued that such metric approaches
result in fewer indeterminate cases, that they broaden the
range of bones that may be employed to determine sex, are
easier to teach and are more repeatable than morphclogical
assessments (Giles and Elliot, 1963; Henke, 1977; Kajanoja,
1966 ; Keen, 1850; Kelley, 1978; Richman et al., 1979;
Washburn, 194g8). Others have observed that techniques
invoiving measurements usually require better pbreservation of
the remains, they may employ ill-defined landmarks, vague
cefinitions of procedures, and measurements which inherentily
have a Tlimited descriptive ability (Meindl et al., 1985;
Stewaft, 1954; Weiss, 1972). Furthermore, it has been noted
that the discriminatory power of existing functions such as

that developed by Giles and Elliot (1983) are severely limited
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in series where the pattern of sexual dimorphism does not
follow the original sample (Buikstra and Mielke, 1885),

Many investigators have recognized that both approaches
have Comparable levels of accuracy and that each contains
inherent advantages and disadvantages (Acsé&di and Nemeskeri,
1870; Buikstra and Mielke, 1985; El-Najjar ang McWilliams,
1878; Krogman and Iscan, 1986: Stewart, 1979; Workshop of
European Anthropo]ogists, 1980). The two methnods are
comp lementary in nature and both should be considered whenever
possible. It was therefore decided that the two types of data
would be collected for the Bellevilile project. The decision
to focus this thesis on morphological indicators of sex rather
than metric was not made arbitrarily. The St. Thomas’ sample
is particularily well-suited to addressing the following issues
related to aspects of morphological sex assessment.

1. Most osteologists identify the pelvis as the single
most important region for the determination of sex since the
female pelvis is modified during adolescence to accommodate
the birth of an infant. Second in importance is the skul’d,
which reflects Sex characteristics such as size and rugosity
(Acsadi and Nemeskeri, 1970; Bass, 1987; Brothwell, 1981; gi-
Najjar and McWilliams, 1879; Krogman and Iscan, 1986; st.
Hoyme and Iscan, 1989; Steele and Brambiett, 1988; Stewart,
1979; Ubelaker, 1984 : Workshop of European Anthropoiogists,
1380). This assertion will be tested by comparing the

accuracy of the celvic and skulil morphological methods 1n
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addition to the individual criteria upon which these methods
depend.

2. As El-Najjar and McWilliams (1979) note, researchers
rarely agree upon the recommended weights of each particular
feature. Regarding the pelvis, criteria reflecting anterior
pelvic growth at adolescence tend to be preferred over those
indicative of posterior Growth, since evidence of the former
is frequentiy clearer (Coleman, 1969; Phenice, 1969; st. Hoyme
and Iscan, 1989). Despite this general cencordance, however,
there is sti17 SOome disagreement over the relative value of
each criterion. This ongoing dispute will be discussed below.

With respect to the skull, the weighting of individual
criteria appears to be a matter of personal preference, based
largely upon experience, rather than empirical evidence
(Krogman and T§can, 1986 ; Stewart, 1979 El-Najjar and
McWilliams, 1979; Hrdlicka, 1952). The problem is that it has
not yet been determined whether the characteristics deserve
the weightings attributed to them. The rankings may simply be
a reflection of the Observers’ biases,

It is proposed here that an examination of both pelvic
and craniocfaciajl growth will indicate which characteristics
within each of these categories will provide the most accurate
assessments of sex. This prediction can then be tested on the
personally identified Subsample of the st. Thomas’ cemetery
material,

3. The Phenice method (1969) is frequentiy cited as the
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best pelvic discriminator because of the ease with which
observations can be made and the high level of accuracy (96%)
that may be cbtained (Bass, 1987; Buikstra and Mielke, 1985;
Phenice, 1969: Stewart, 1979; Weiss, 1972). Recently, some
controversy concerning this technique has arisen.

Phenice identifies the ventral arc as the most useful of
the three criteria, Kelley (1978) reaffirms this finding
Using 362 hipbones of unknown sex from Native Californian
archaeological sites. After comparing a metric assessment of
sex from these unknown archaeological cases to the Phenice
criteria, he observes that there were fewer indeterminate
cases for the ventral arc than for either subpubic concavity
or ischiopubic ramus.

Sutherland and Suchey (1991: 1987) examined 1284 well-
documented pubic bones obtained during autopsies. They agree
with Phenice, citing an accuracy of 98% using the ventrai arc
alone and only 70% Using the ischiopubic ramus (subpubic
concavity was not assessed since the pProcurement technique
emploved during dissection damaged the region and made
observations impossible). In addition, they identifiad a
precursor condition, a faint line foilowing the course of the
ventral arc, which appeared at about age fourteen in their
sample and was the most frequent condition by age twenty
(Sutherland and Suchey, 1991: 504),

In contrast, Lovei] (1989) initiated intraobserver tests

of the Phenice criteria using 50 pubic bones from 36 medical
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school cadavers and found that most researchers participating
in her test felt that the ventral arc was ambiguous. No
differential success in the application of the three criteria
was noted.

MaclLaughlin and Bruce (1990) selected 273 skeletons of
documented age and sex from three European skeleta]
collections: a 1{17th to 18th century English Ccemetery (85
1nd1v1duals); a modern cdissecting-room sample from the
Netherlands (136 cases); and another modern dissecting-room
sample from Scotlandg (52 1nd1vidua1s). They observe that the
subpubic concavity proved to be the single most reliable
indicator and, 1in fact, tends to be better than the three
features in combination. Yet, even when using the ventrai
arc, they could achieve only 87% accuracy on the Englishn
sample, 72% on the Dutch, and 75% on the Scottish collection.

Due in part to the controversy surrounding the ventral
arc, detailed dissections of the pubis were completed by
Anderson (1990) and Budinoff and Tague (1990) in order to
determine the anatomical and developmental bases for this
Characteristic. Using 23 Ccadavers, aged 63-94 years, and 8
Cadavers, aged 14-21 years, Anderson (1590) observed that the
ventral arc marks the origin of the female gracilis muscile
with contributions from adductor magnus and adductor brevig
muscies. He notes that in the maile the origins of the same
muscles, “paralle] the contour of the pubic symphysis ang

inferior ramus” (Anderson, 1990: 452). Although he does not
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state it in this manner, Anderson’s observations on the maile
indicate that the muscular origins in question conform to the
male version of the ventral arc as described by Phenice
(1989), Anderson’s findings are 1in agreement with those of
Budinoff and Tague (1990). Having dissected only 7 cadavers,
they state that, "although males and females generally differ
in the course taken by the ridge of bone on the ventral aspect
of the pubic Corpus, the sexes are identical in the muscular
and Tigamentous attachments to that ridge” (Budinoff and
Tague, 1990: 76).

While both studies agree with respect to the relationship
between the ventral arc and the muscular origins of some of
the adductors, they focus on slightly different aspects of
their findings and, conseqguentiy, present disparate
conclusions. Anderson (1990) concentrates upon the latera]
position of the origins with respect to the pubic symphysis.
Although he recognizes that the female muscular origins are
associated with the ventral arc, he fails to reatize that the
male sites of muscle origin conform to the bony ridge
paralleling the pubic symphysis: a ridge, identified oy
Phenice (1969) as the male counterpart to the female ventral
arc. Thus Anderson was able to conclude that:-

'S seen in males because the symphysea] surface dces not

impinge upon the ventral surface of the os pubis. With

females, however, the invasion of the symphysis onto the
ventral surface of the pubic bone prohibits the same
medial origin. Because this symphyseal wrap-around is

the most lateral expanse of the symphyseza] surface, which
1s within the Jjoint capsule and covered by the
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ligamentous fibers of the capsule, these muscies cannot
attach at the Same site as in males. When the pubescent
pubic elongation begins in females, the musculature that
was once attached along the Symphysea] border is
"pushed” laterally by the increased growth that takes
place at the inferior margin of the sSymphysis.. .
Thnerefore, males are unlikely to ever mimic the female
condition
(Anderson, 1980: 456-457),

On the other hand, Budinoff and Tague (1930C) focus on the
relaticnship between the muscular attachments and the ridges,
ratner than on the degree of lateral placement of the adductor
origins. Having taken a slightly different perspective, they
conclude that, "the lateral placement of the ventral arc is
directly related to pubic length" and imply that males with
long pubes might be interpreted as having a ventral arc (1990:
78).

Thus Anderson’s WOork suggests that the ventral arc should
have an extremely high level of accuracy, comparable to that
achieved by Sutheriland and Suchey (1987). Budinoff andg Tague
(19390) are less optimistic concerning the use of the ventraj
arc as a single indicator andg state that it canncot be
Cconsidered independent of pubis Tength.

This analysis will address these issuyes by assessing each
of Phenice’s (1889) criteria 1ndiv1dua11y. MaclLaughlin and
Bruce observe that theirs was the only study to, ‘evaluate the
relative contribution of each of the three featyres to
Successful sex Tdentificat?on” (1990: 1380). In the present

1nvestigation, the accuracy of each characteristic was

determined. The individual results were compared to the
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levels of accuracy achieved using alil possible combinations of
these features.

4, Finally, the St. Thomas’ material is an excellent
data base for testing the assertion of Meindj et al. (1985)
that the Proportion of males in  the sample will be
underestimated (fo11ow1ng a morphological analysis of either
the pelvis or the skull), while few errors wilj be made 1in
assessing "true females", This view Contrasts with Weiss’
(1972) contention that a morphological analysis of the skulil
generally causes indeterminate cases to be classified as male,
thus Creating & significant bias in favour of males.

Because the St. Thomas’ Church cemetery is g targe
documented sample, it is pPossible to test specific hypotheses
associated with morphological approaches to skeletal sax
determination, in addition to a simple analysis of the
accuracy of these methods.

3.2 SEX AND THE SINGLE SKELETON:

EMPLOYING THE BONES OF THE PELVIS TO ASSESss
THE SEX OF HUMAN SKELETAL REMAINS

w

-2.1  INTRODUCTION

As indicated above, the pelyis is considered to be the
single best region for assessing the sex of human skeleta]l
remains. Because of the distinct functionai requirements of
the female pelvis, adolescent differential growth of the bony
telvis occurs in both degree and direction, Consequent?y,
most pelvic sex indicators differ in form, not simply in size

(Coleman, 1969; St. Hoyme, 1984; St. Hoyme and Iscan, 1989).
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As a result, an 1nvestigator examining a single relvis or even
a single hipbone may confidently assign SeX, whereas an
Observer attempting to determine Sex based on g single skulj
is handicapped because of population differences which
strongly affect the 1arger/sma71er type features
Characteristic Oof sex differences of the skul} (Acsddi and
Nemeskeri, 1870; Krogman and Iscan, 18862; st. Hoyme andg
Iscan, 1989; Steele ang Bramblett, 1988: Ubelaker, 1284 ;
Workshop of European Anthropo?ogists, 1980).

Yet, as demonstrated by the above discussion, pelvic
indicators of Sex are not entirely free from controversy. 1n
this chapter the fo?]owing four Guestions concerning sex
Characteristics of the pelvis will be examined:

(1) What levels of accuracy and re]iabi]ity can be achieved
using this method?
(2) Which trait(s) is/are the most accurate and reliable?
(3) With regard to the Phenice method: which of the three
traits is the most useful?

(4) Doces the morphological method of assessment produce a

direction is the error?

3.2.2 THE TRAIT LIST
The features chosen for examination in this study were
Compiled from trait Tists Produced by many physical

anthropo?ogists 1nc1ud1ng: Bass, 1387; Krogman ang f$can,
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1986 Phenice, 1969; sgt. Hoyme, 1884; ang Stewart, 1979,

3.2.3 LITERATURE REVIEW
After examining two primary pPapers, Coleman’s (1969)
practica) analysis of Pelvic growth and St, Hoyme'sg (1984)
theoreticai approach to growth of the posterior Pelvis, it was
Possible to generate some hypotheses and expectations about

the relative wWorth of the traits 1in Table 3.

18 years, Coleman (1969) states that the most significant
example of sexually dimorphic growth is the greater Jlatera]
migration of the femaie ischia necessary to expand the pelvic
cavity. He also notes that the bones of the trye pelvis are
more dimorphic than those of the false ang that featuyres
relying on both anatomical systems for their final form are
the most variable and therefore the least usefuid.

St. Hoyme (1984) Postulates enlarging growth 1in the
femaile posterior pelvis, analogous to that of the pubis. She
identifies three Possible growth patterns: (1) primarily on
the iliac Portion of the sacral-ijiac Joint, resulting in a

raised auricular Surface, a wide sciatic nNotch and the
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TABLE 3. VISUAL SEX DETERMINATION OF THE ADULT PELVIS
GROUP/CASE: e DATE: e
BURIAL : ) LOCATION: )
CONDITION : —— ——
OBSERVER : . ,
SKULL ASSOCIATED:

MALE FEMALE
PUBIC BONE
Subpubic Concavity v-shaped angle __ u-shaped angie
(Suppub) o )
Ischiopubic ramus ridge absent ridge present
(Ischram)
Ventral arc absent . present _
{(Venarc) . . .
Shage of pubic bone narrow _____wide, rectangular o
(Pubshape)
Dorsaj pitting resent __
(Dorpit) _ ' ,
Sciatic notch small, close, deep e wicde, shallow
(Scinot)
ILIUM
Auricular surface not raised raised )
{aursurf) post-sup margin _
Pre-auricular sulcus absent thin _ large circular
(Suicus) grooves depressions
I7ium shape high, vertical ..laterally divergent
(ITium)
PELVIS
Pelvic Inlet ’ heart-shape elliptical -
(Pelinlet) _ ,
True Pelvis relatively small oblique, shallow
(Truepel) spacious
Obturator fcramen large, ovoid small triangular e
(Cbfor)

Acetabu;um large, direscted lateraily small, ant-lat

Muscle Markings marked, rugged . gracile, smooth

(Musmark)
SACRUM
Shape , .

longer, narrower, more shorter, broader tendency
evenly distributed curvature to curve at S1-S2,83-85 o
(Sacrum)
Number of segments 5+ 5
(No.segs) . o o
Posterior View sacroeiliac joints not

O =Y s visible,
(Postview) visible tn inferior part



FIGURE 8. Pelvic Traits
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presence cf both the preauricular sulcus and post-auricular
groove, (2) growth concentrated on the sacral portion of the
Joint, resulting in a widened sacrum, a narrower "male”"looking
iliac crest, (3) a combination of both of the above.

If the thecretical views of St. Hoyme (1984) are combined
with the observations of Coleman (1969) the foliowing
hypotheses resuit:

1. Features resulting from the modification of the
female prepubescent peivis to accommodate the birtn of an
infant will produce the mest reliable indicators. Since
lateral migration of the female 1ischia are responsible for
increasing the pelvic outlet, traits which result from this
migration will be particularly useful. According to Coleman
(1969) the relevant Characteristics are:

(a) size and shape of the true pelvis

(b) width of the subpubic angle

(c) shape/length of the pubic bone

St. Hoyme (1984) notes that the ventral arc marks the
former border of the pubis and, therefore, is related to pubis
length. Budinoff and Tague (1990) support this view. More
recently, St. Hoyme and Iscan (1983) have added that the
subpubic angle is associatec with pubis shape and the presence
of a verntral arc. They claim that all three characteristics
are expressions of antericr pelvic growth and therefore, must
be counted as a single point of evidence. Thus the ventral arc

was added to Ccleman’s list with the caution that one must
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examine the co-occurrence of traits (b), (c¢) and (d)y a

n

expressions of the same phencmenon.

2. In her earlier paper, St. Hoyme (19384) identifies
five features of the posterior pelvis which she believes would
be as accurate as those of the anterior. More recentily,
however, St. Hoyme and Iscan have indicated that evidence for
remocdelling in the posterior pelvis might not be as clear as
that from the anterior and consequently, “this may lead to
Tower weightings for this group of factors" (gt, Hoyme and
Iscan, 1989: 85). The posterior pelvic features expected to
be only slightly less useful than those from the anterior are
as follows:

(e) auricular surface

(f) presence or absence of the preauricular sulcus

(g) sciatic notch shape

{(h) dorsal pitting resulting from the instability of

the female sacro-iiiac joint

(h) sacrum width/shape

Only the Tlatter feature conflicts with Coleman’s
findings. He observed, "no sex differences in either the
differential growth pattern or the amount of growth undergone
by the 1lccal areas of the sacrum” (Ccleman, 1989: 143).
According to his analysis, the shape and posterior view of the
sacrum should be of Tittle value as a sax indicator.

Tague (1988) examined archaeological Amerindian samples

and a sample of Blacks frem the Hammann-Todd coliection and
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found that while sexual differences in the degree of
resorption of the pubis and preauricular area were present, 1in
general, only a minority of females exhibited resorption more
severe than that found in males. His investigation suggests
that the preauricular sulcus and dorsal pitting should be
given less weight than other features of the posterior pelvis.

3. Coleman identified other lccalized sites of
differential growth that are not directly related to pelvic
outiet 1increase. He feels that a]though these regions do
exhibit sexual differences, they are not as obvious as those
described above. He observed infero-lateral growth at the
junction of the femaie ischial ramus and the pubic bone, an
area corresponding to the attachment of the musculature of the
penis 1in the male. Male idschial-pubic ramus growth was
strictly inferior in direction. Also noted was the less steep
slant of the female ilium relative to the male, Coleman
(1969) suggests this pattern was due to growth between the
thoracic vertebrae lengthening the trunk faster than the iliac
Crests are growing and/or a greater increase in  trunk
muscularity among most males and some femaies,

4, Features dependent upon both functional divisions of
the pelvis for their final adult configuration will show
T1ttle sexual differentiation. According to Coleman (1969)
only the pelvic inlet and the sciatic notch are affected by
poth systems, St. Hoyme (13984) disagreed with Coleman,

suggesting that the shape of the sciatic notch results from
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growth along the iliac surface of the sacro-iliac joint and,
consequently, this feature should be extremely usefuy].

5. Characteristics which depend upon differing growth
patterns for their final form will be more useful for
merpnological determination of sex than will those dependent
upon differential rates of growth. Thus the acetabulum, wnich
shows no evidence of significant sex differences in the amount
of growth (Coleman. 1963), muscle markings and the cbturator
foramen (8t. Hoyme, 1984) wilil be the least usefu]
Characteristics.

Based on these five hypotheses, the examined traits may
be separated into blocks and ranked according to their
expected level of accuracy (Table 4). Sciatic notch and
sacrum shape are Jlisted twice since Coleman (1969) and St.
Hoyme (1984) disagree with respect to the placement of these
features. It is suggested here that Coleman’s ranking is more
probable since his study dealt with observations while St.
Hoyme’s approach was more theoretical.

The hypotheticai ranking can also be used to predict the
order of accuracy for the Phenice criteria. Phenice (19569)
claims that the ventral arc is the most useful, followed by
the subpubic concavity and the ischiocpubic ramus. The work of
Coleman (1889) and sSt. Hoyme (1984) suggests a similar
rattern. The ventral arc and sSubpubic concavity are expected
to be equally effective while the ischiopubic ramus should be

tess effective.
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TABLE 4. HYPOTHETICAL RANKING OF PELVIC TRAITS

MOST EFFECTIVE
(Coleman, true pelvis subpubic concavity
St. Hovme) shape/length of pubis ventral arc

SECOND MQOST EFFECTIVE
(St. Hoyme, St. auricular surface sciatic notch
Hoyme and Iscan) sacrum

THIRD MOST EFFECTIVE

(St. Hoyme, preauricular sulcus dorsal pitting
Tague)

FOURTH MOST EFFECTIVE
(Coleman) ischiopubic ramus ilium shape

FIFTH MOST EFFECTIVE
(Coleman) pelvic inlet sciatic notch

LEAST EFFECTIVE

(Coleman and acetabulum obturator foramen

St. Hoyme) muscie markings sacrum
posterior view of the sacrum
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With respect to bias and direction of error of sex
estimations, Meind] et al. (1985) suggest that the female
pelvis has Timited variability due to the combined functicnal
requirements of childbirth and locomotion. If, in fact, the
form of the femaie pelvis is more constant, one would expect
fewer errors to be made in the assessment of female remains.
The male pelvis, being more variable, would be more prone to
misclassification. Therefore, when uUsing pelvic criteria one
could expect a bias in favour of females. Tague (1983)
refutes this argument on the basis of a metric analysis of the
size and shape of the true pelvis of 200 skeletons of known
sex and a series of Amerindian samples of unknown sex. He
failed to find consistently more variation in male pelves and
as a result suggests that 1f the pelves themselves are not
more variable, perhaps the visual clues empicyed by
anthropologists are more variable in male skeletons.

If the trait list is examined it becomes evident that
most of the features under consideration depend upon
differential growth of the female pelvis for their final form
(St. Hoyme, 1884). Since this is the case, cne woulcd expect
borderline individuals to be classified as male due to the
lack of evidence for alteration. Furthermore, the femaie
form of each characteristic can vary or be modified by age.
For example, the ventral arc may not be paipable until after
twenty vyears of age (Sutherland and Suchey, 1987), Young

females may be misclassified because the ventrai arc is
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clearly absent. On the other hand, the subpubic angle narrows
with age (Tague, 1989) and therefore older females are alsc
subject to misclassification.

Despite the fact that Meind] et al. (1985) fTound the
Cpposite to be true, it is argued here that the direction of
error will be to misciassify females because of the many
factors which contribute to the variability of the
characteristic female peivic form. The bias will be in favour

of males.,

3.2.4 HYPOTHESES

It was possible to develop four main hypotheses based
upcen the pelvic growth literature. They are as follows:

1. The pelvic morphological approach to skeletal sex
determination can accurately identify the sex of an individual
and can produce an accurate sex profile of a sample. This
hypothesis will be accepted if the morphological method has zan
accuracy level greater than or equal to 90% and if the sex
ratio produced from the skeletal] estimates 1is statistically
indistinguishable from the ratio developed from the parish
records.

2. The four features of the anterior pelvis: true
pelvis shape: subpubic concavity shape; pubis shape and
presence of a ventral arc will be more useful than the five
features of the posterior pelvis: auricular surface height:

sciatic notch shape; sacrum shape; presence of =a preauricular
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suicus and dorsal pubic pitting. The criteria for acceptance
of this hypothesis inciude: a mean accuracy for the anterior
features which is at least 10% higher than the mean accuracy
of the posterior features and a mean intraobserver error level
which is at least 5% Tower for the anterior features than for
the posterior features.,

3. Of the Phenice (1989) criteria, the ventral arc wili
produce the best results, folliowed by the subpubic concavity
and the ischiopubic ramus. This hypothesis will be accepted
if the ventral arc has both higher accuracy and lower
intraobserver error than the subpubic concavity which in turn
has both higher accuracy and lower intraobserver error than
the ischiopubic ramus. An overall rank for the ventral arc
which 1is at least two places higher than the subpubic
concavity and an overall rank for the subpubic concavity which
is at least two places higher than the ischiopubic ramus will
confirm this hypothesis.,

4. Although Meindl and colleagues (1985) suggest that
the male pelvis is more frequently assessed incorrectly than
is the female pelvis, it is suggested here that any bias in
the morphological approach to sex determination of the pelvis
will be in favour of males. This hypcthesis will be accepted
if there is a greater percentage of females than males whose

Sex was 1incorrectly assessed.



3.2.5 METHODS AND RESULTS
3.2.5.1 Data Collection

Most of the adult skeletal material excavated from the
St. Thomas’ cemetery was transported to McMaster University
for storage during the period of analysis. The boxes
containing the remains were numbered according to the sequence
in which they were excavated and were stored in roughly the
same order.

The assessment of sex by examination of the pelvis was
undertaken at the beginning of the analysis period and
assessment by examination of the skull was left until the end,
in order to minimize intraobserver bias.

The pelves were studied individually:; burials were not
examined in consecutive order, Observations were taken in
succession, as listed on the data sheet, for each pair of
hipbones and any difference between the two sides were noted.
Features were assessed as either “"male", "female" c¢r
“indeterminate". Every effort was made tc consider each trait
separately so as not to bias the remaining observations. Dusa
to time constraints, however, it was not practical to observe
each pelvis individually for each trait in order to further
reduce bias. Once all the observations were made, each
Criterion was given egqual weighting and sex was assigned
according toc the category (male or female) into which the
majority of features fell. 1In cases where the sum of results

produced equal numbers of features identified as "male" and



52
"female", sex was usually determined by giving Phenice’'s
(1969) criteria more weight than the rest, due to their
allegedly high collective level of accuracy.

Once all of the pelves had been analyzed, Sixty—two
individuals were re~examined for degree of intraobserver
error. The retested cases consisted of all individuals which
initial examination had indicated were borderiline
(indeterminate) and a random selection of the remaining peives
(including 23 personally 1identified individuals). Since
difficult cases wersa deliberately chosen for inclusion into
this study, the intraobserver error calculated herein may bte

higher than average.

3.2.5.2 Data Analysis

The first step 1in an analysis of this type 1is +to
determine the precisicn of the method being employed. It is
necessary to know whether the observer can reliably reproduce
her/his results. IT s(he) cannot, the utility of the
methodology 1is Questicnable and the technique should be
reccnsidered.

The problem of precision in this Study was addressed via
a test for intracbserver error. According to statisticians,
researchers must decide for themseives the level of error they
are willing to accept. In the past, korey (cited 1in Moito,
1972) employed a 5% cutoff point for intraobserver error on

discontinuous cranial traijts. Features with error levels



greater than 5% were considered too difficult to score and
were removed from the analysis. More recently, Nichol and
Turner (1986) chose g 10% critical level for dental
Characteristics. This analysis will follow the lead of Nichol
and Turner, since a 10% critical level will identify criteria
difficult to assess but still permits some room for error.

The precision test consisted of calculating the
percentage of disagreements for final sex assignment between
trial one and tria) two in the sixty-two cases for which two
sets of observations were taken. Seven differences cccurred,
resulting in 11.3% intracbserver error. This 1s slightiy
higher than the acceptable level and it suggests that there is
& problem with the methodology. It is proposed here that the
high Jlevel of intraobserver error is the result of the
combined effects of only a few unreliable traits. Since each
feature was given equal weight in the fina] estimation of sex,
cases that contained roughly equal numbers of male and female
criteria would require only a few inconsistent1y assessed
traits for the outcome of the second assessment to disagree
wWith that of the first.

The solution is to identify the features exhibiting high
levels of intracbserver e€rror and to eliminate them from the
trait 1list. Thus, the reiiability of each criterion was
calculated. Table 5 lists the traits and gives a breakdown of
the percentage of all possible types of disagreements. The

proportion of difference is the percentage of discrepancies
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TABLE 5. PERCENTAGE OF EACH TYPE OF DISAGREEMENT AND
RANKING OF CRITERIA ACCORDING TO LEAST AMOUNT OF
INTRAOBSERVER ERROR

TRAIT *PROPORTION OF +ERROR OF @INTRAOBSERVER RANK
DIFFERENCE INDETERMINATE ERROR
CRITERIA
Ventral Arc 11.2% 11.3% 0.0% 1
Muscle Markings 11.2% 29.0% 0.0% 1
Dorsal Pitting 12.9% 6.4% C.0% i
True Pelvis 22.5% 13.0% 0.0% 1
No. Sacral Segments 0.0% 4.8% 3.2% 5
Obturator foramen 9.6% 1.6% 3.2% 5
Posterior View of Sacrum 9.6% 0.0% 3.2% 5
Subpubic Concavity 14.5% 8.0% 3.2% 5
Pubis Shape 8.4% 14 .4% 4.8% 9
ITium Shape 11.2% 17.7% 6.4% 10
Sacrum Shape 11.3% 4.8% 6.4% 10
Sciatic Notch 0.0% 17.7% 6.5% 12
Pelvic Inlet 33.8% 1.6% 9.7% 13
Acetabulum 0.0% 6.4% 11.2% 14
Auricular Surface 1.6% 9.7% 11.3% 15
Preauricular Sulcus 1.6% 1.6% 11.3% 15
Ischiopubic Ramus 6.4% 9.6% 11.3% i5

N=62

* Refers to disagreements tetween trials that resulted from an
attempt to assess the criterion 1in only one of the two
instances (probably due to fragmented nature of the
material).

+ Refers to disagreements between trials caused by assigning
a sex during assessment one but Tabelling the second attempt
"indeterminate".

@ Refers to the rercentage of cases, for each criteria, that
Uncerwent a reversal in sex assignment between trial one and
trial twe.
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caused Dby observing fragmentary material and assessing the
trait only once in the two trials. Error of 1indeterminate
criteria is the percentage of differences caused by assessing
a criterion indeterminate for one trial and assigning that
criterion a definite sex during the other trial.
Intraobserver errcor is the percentage of cases, for a given
criterion, that exhibit a reversal in Sex assignment.

Although there are no  extremely high levels of
intraobserver eérror, there are four criteria which exceed the
acceptable level. Acetabulum shape and size, auricular
surface height (raised or flat), presence or absence of a pre-
auricular sulcus and ischiopubic ramus shape were all found to
be unreliable in this study. Since the level of intraobserver
error for each of these features is only slightly higher than
the critical level, the problematic criteria were included in
the rest of the analysis. The implications of incorporating
these criteria in a morphological sex estimation trait list
are considered in the discussion.

Having established the reliability of the traits and the
observer’s ability to make use of them, the next step was to
establish the accuracy of the method and the individual
criteria involved. Cne means of determining the accuracy of
the morphological approach was to compare the known and the
skeletally determined sex of each of the forty-nine identified
individuals., Cnly two of the estimated sex assignments were

incorrect. The percentage of error is, thereforas, 4.1%.
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Thus, by empleying the trait Tist described above, a 95,9%
level of accuracy was achieved.

Accuracy was also examined by comparing the sex profile
of the entire cemetery sample, as represented in the parish
records, to the profile of the excavated skeletal sampie,
Before such an aralysis ceould be undertaken, it was necessary
to first determine which assignment of sex should be used in
those cases where two evaluations were made. As indicated
above, there were seven instances of differences occurring
between trials one and two. The expectaticon was that
experience, and consequently expertise, was gained by the time
the second set of observations were made, Therefore, the
second assignment should be correct. This view was tested by
using twenty-three cases for which documented sex was
available, and twc sets of observations had been taken, to
perform a crosstabulation of known sex by each trait and by
estimated sex. SPSS PC+ version 2.0 was used to produce the
results presented in Table 6 (see also Figure 9). There is no
pattern which is ccmmon to all of the criteria examined. Socme
features, such as the pelvic inlet, show a decrease 1in error,
indeterminate cases and unobservable traits whnile cthers, such
as the subpubic Concavity, show a decrease in uUnobservabie and
indeterminate observations at the expense cf a slight increase
in percentage of error, OCther assorted combinations also
Th

occur., re following is a summary of the trial 2 data found

in table 6&:
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TABLE 8. COMPARISON OF %ERROR, % INDETERMINATE AND % DATA
ABSENT BETWEEN OBSERVATIONS ONE AND TWwO,
CALCULATED FOR EACH PELVIC TRAIT

TRAIT TRIAL % % % DATA
NO. ERROR INDETERMINATE ABSENT

Subpubic concavity i 0.0 4.3 47.8
2 8.7 .0 34.7

ischiopubic ramus 1 4.2 4.3 39.1
2 8.7 8.7 34.7

vantral arc 1 8.7 4,3 30.4
2 0.0 4.3 34,7

pubis shape 1 4.3 4.3 35.1
2 8.7 4.3 43.4

dorsal pitting 1 0.0 34.7 47 .8
2 0.0 21.7 £2.2

sciatic notch 1 0.0 21.7 0.0
2 4.3 8.7 0.0C

auricular surface 1 13.0 0.0 0.0
2 13.0 13.0 0.0

preauricular sulcus 1 13.0 4.3 0.C
2 8.7 0.0 0.0

11ium shape 1 4.3 17.4 13.0
2 0.0 8.6 0.0

pelvic inlet 1 8.7 0.0 39.1
2 4.3 0.0 4.3

true pelvis 1 0.0 0.0 43.5
2 0.0 8.7 34.7

obturator foramen 1 4.3 0.0 47 .8
2 4.3 0.0 52.2

acetabulum 1 4,3 4,3 0.0
2 4.3 0.0 .0

muscle markings 1 8.6 26.1 12.0
2 C.C 52.2 8.7

sacrum 1 8.7 0.0 34.7
2 4.3 0.0 34.8

number of sacral 1 0.0 56.5 43.4
segments 2 0.0 56.5 43.4
posterior view of 1 39.1 0.0 17.3
sacrum 2 43.5 0.0 13.C
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% error is reduced in 6 criteria

% error is increased in 5 criteria

no change in % error occurs in 6 criteria

% indeterminate is reduced in 6 criteria

% indeterminate is increased in 4 criteria

no change in % indeterminate occurs in 7 criteria
% data absent is reduced in 7 criteria

% data absent is increased in 5 criteria
no change in % data absent occurs in 5 criteria

It is possible to identify a general pattern in which trial 2
criteria exhibit reduced percentages of error, reduced
indeterminate observations and reduced numbers of unobservable
data. Since the final estimated sex is dependent upon the
individual criteria, the evidence suggdgests that expertise and
accuracy do increase with experience, Therefore, the second
assignment of sex was employed in cases where a disagreement
between the first and second set of observations occurred.
Next, SPSS PC+ version 2.0 was used to conduct a binomial
test (for explanation see Appendix 2.) to compare the expected
sex ratio, as determined by the parish records, to the sex
ratio derived from a morphological examination of the
excavated pelves. In order to perform this statistic, the
expected probability of males to females for the entire
cemetery sample had to be established, Unfortunately, the
parish records did not always 1indicate the age of the
individual and, consequently, the total number of adult males
and females had to be expressed as ranges. The lowest number

assumed that none of the age-unknown individuals were aduit.
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The highest assumed that all were adult. In order to
encompass the fyl] range of possibilities, two parish record
frequencies were calculated. According to the register, there
wWere 483-488 adult males and 343-349 adult females (D.O.A.M.,
series I, part 38A; Gerry Eoyce, pPers. comm.). This produced

frequencies of 0.52-0.59 for males and 0.42-0.41 for females.

~

he excavated sampie consisted of 142 males and 107 femaies,
resulting in frequencies of 0.57 and 0,43 respectively. Two
binocmial tests were run, the first using the frequency of 0.58
and the second using 0.55. The results indicate that there 1s
nc difference between the sex ratio of the Cemetery population
and the ratio of the €xcavated sample (p= 0.8053 and 0.5839,
respectively).

The 1individual traits were alsoco analyzed in order to
determine the Jeve] of accuracy that each could achieve,
Cross-tabulations of each feature by documented sex were
performed using SPSS-pPC+ version 2.0. Once again, for the
cases that were assessed twice, the second trial was empioved
in the analysis because increased experience with the methods
and materiai produced greater accuracy. The results of the
crosstabulations, pbresented in Table 7, suggest that most of
the pelvic criteria can be successfuily employed to determine
sex. In fact, 76% of the traits achieved levels of accuracy
well above the leve] expected due to chance alone.

In an effort to assess the effects of age on accuracy,

the known cases were divided into three age categories and the
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TABLE 7. ACCURACY OF EACH PELVIC TRAIT

TRAIT % % %
N CORRECT WRONG INDETERMINATE RANK

Sacrum shape 34 84,1 2.9 3.0 1
Cbturator foramen 32 83.8 6.2 0.0 2
Acetabulum 48 81.7 6.3 2.0 )
Preauricular sulcus 48 91.86 8.4 0.0 4
Ventral arc 38 86.9 0.0 13.1 5
Pubis shape 2 85.2 2.8 11.0 &
True pelvis 35 85.8 0.0 14.2 7
Sciatic notch 43 85.7 6.1 8.2 8
Subpubic concavity 37 83.8 5.4 10.8 9
ITium shape 43 23.7 2.3 14.0 10
Ischiopubic ramus 40 £0.0 5.0 15.0 11
Pelvic Inlet 45 8Q.0 6.6 12.4 11
Auricular Surface 49 73.5 14,2 12.3 13
Sacrum (post. view) 43 65.2 34.8 0.0 14
Muscle markings 44 56.8 2.3 40.9 15
Dorsal Pitting 28 35.7 0.0 64.3 16
# sacral segments 33 6.1 c.0 93.3 17
N=4g
TABLE 8. ACCURACY OF EACH TRAIT BY AGE CATEGORY
FEATURE n (25 n 25-44 n 45+
Subpubic cencavity 7 85.8% 10 80.0% 16 §1. 33
Ischiopubic ramus 7 57.2% 11 81.8% 18 3.3
Ventral arc 7 71.5% 10 90.0% 17 S4.1
Pubis shape & 83.3% 10 80.0% 186 £7.5
Dorsal pitting & £0.0% k2] 37.5% 11 26.4
Sciatic notc 8 87.5% 11 81.9% 26 £4.,7¢
Auricular surface 8 87.5% 11 63.7% 25 73,1
Preauricular sulcus 7 85.8% 11 100.0% 28 88.5
ITium shape 8 €2.5% 10 100.0% 21 85,7
Pelvic inlet 8 75.0% 10 100.0% 23 72.9
True pelvis 8 75.0% 7 100.0% 18 87.5
Obturatcr foramen 7 100.0% 8 87.5% 14 100.0%
Acetabulum 8 £7.5% 11 100.0% 25 28.0
Muscie markings 7 42 ,9% 11 62.7% 22 £8. 9%
Sacrum & 86.6% S 100.0% 15 100.0%
No. sacral segments 6 16.7% 7 C.0% 16 8.3%
Posterior view of 8 25.0% 10 70.0% 21 71.5%x
sacrum
ESTIMATED SEX 8 87.5% 11 100.03% 25 96.2%
N N=g& N=11 N=28§

* Statistically significant
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cross-tabulations were rerun. It has been proposed that scme
features, such as the ventral arc, do not become distinctive
until the third decade (Sutherland and Suchey, 1987), while
others, such as the subpubic concavity, the breauricular
sulcus and corsal Pitting lcse their characteristic
appearances with age (Tague, 1989; Kelley, 19739). The age
Categories, therefore, were Created with these facts in mind
to isclate the affects of age~related éxpressions of a trait
On accuracy. The first greuping, which encompasses the
grewing period, consisted of adults younger than twenty-five

years. By age twenty—five, the iliac crest has fused (Krogman

4

and scan, 1886), the female ventral arc has formed
(Sutherland and Suchey, 1987} and the superior border of the
pubic symphysis is completing its growth (Tague, 1889).

The second division wWas comprised of individuals aged
twenty-six to forty-four. This category encompasses those who
had completed growth but had not yet experienced significant
visual age-related bone degeneration.

The finai Sroup were forty-five years and older. By this
point distinct degenerative changes can be seen on the pubis
(Todd, 1920; Suchey et al., 1988) and auricular surface
(Lovejoy ex al., 1385) and obliteration of dorsal pitting and
the preauricular sulcus has begun (Kelley, 1979).

Tabie & represents the results of an SPSS PC+ version 2.0
Crosstabulation of KNnown sex by each Criterion, based upcen the

three age divisicns outlined above. A chi-sqguare test
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(p=0.273) indicates that there was no statistically
significant difference between the levels of accuracy achieved
in any of the three age categories, despite a perceived
pattern which Suggests that estimated sex is most accurate for
the twenty-five to forty-four year category. It should be
noted, however, that the sample sizes 1in this anaiysis were
smaii. Perhaps a larger sample would produce statistically
significant results.

Similarly, despite the apparent age-related increase in
accuracy of four of the Criteria, a Fisher’s exact probability
test indicates that this pattern is significant only in the
case of the posterior view of the sacrum (p=0.031). The
observed decrease 1in accuracy with age of the subpubic
concavity and deorsal pitting features are Tikewise
nonsignificant,

Accuracy and precision are equally as important, thus
Table 9 represents the combined, overail ranking for the trait
list. The significance of these results are discussed Ffully
in Chapter 5.

2locks of criteria were also analyzed for their
collective effectiveness as sex indicators. Twe by two
tables, controlling for documented sex, of all possible
combinations of criteria were performed using sPSS PC+. The
probability of assigning the correct sex te a case, based upon
the combined results of two criteria was determined in the

following manner. If both traits indicated maie, the ssayx
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TABLE 9, THE EFFECTIVENESS RANKING OF THE PELVIC TRAITS
ACCURACY PRECISION TOTAL CVERALL
TRAIT RANK RANK RANK

(Table 7) (Table 5)

Ventral arc 5 1 6 1
Cbturator foramen 2 5 7 2
True pelvis 7 1 e 3
Sacrum shape 1 10 11 4
Subpubic concavity g 5 14 5
Putis shape ) 9 15 &
Muscle markings 15 1 16 7
Dorsal pitting 18 1 17 8
Acetabulum 3 14 17 8
Preauricular sulcus 4 15 19 10
Sacrum (post. view) 14 5 19 10
Sciatic notch 8 12 20 12
I1ium shape 10 10 20 12
# sacral segments 17 5 22 14
Peivic inlet 11 13 24 15
Ischiopubic ramus | 15 28 16

—-
W
—
[6.4]

Auricular surface 28 17
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estimate was male. Simitarly, 1f both traits indicated
female, the sex estimate was female. If one indicated male
and one was indeterminate, the sex estimate was maie, and S0
on. The probability of achieving a correct Sex assignment
using this method was caiculated by dividing the number of
correct sex estimates (when compared tc documented sex) by the
total number of estimates.

For example, when the ventral arc and the true ceivis are
used in combination, the probability of estimating "male" when
the individual was in  fact male was 23/23 or 1.0
(P[m/ma]e]:23/23:1.o). The probability of estimating "femaie"
when the actua] sex was female was 9/10 or 0.9¢
(P[f/femaie]:9/10:0.9o). The probability of making no
decision (perhaps one criterion suggested "male" the cother
"female” or both were "indeterminate”) when the individual was
actually female was 1/10 or 0.10 (P[?/fema]e]:1/1o:o.1o).
Therefore, the probability of a correct answer was the
probability of estimating male when the case was male pius tha
prcbabiiity of estimating female when the case was femaie,
divided by two ({Pim/male] + P[f/female]} / z2). In this
examgle, prcbabiiity of making a correct estimate was 0.95
([1.0 + 0.30] /2 =0.95) and the probabiiity of making no
decision was 0.05 ([C.10+01 /2). If errors occur, the
probacility of error is calculated in the same manner as the
probability of correct or indeterminate cases.

Since the original method of analysis (each criterion
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having equal weight with the majority decision defining the
sex) produced an accuracy level of 95.9%, combinations which
generate probabilities under 0.95 are less effective than the
original technigue and wiil not, therefore, be presented.
Table 10 lists the probabilities equal to or greater than
0.95.

Tacle 10 demonstrates that some criteria were more useful
than others and that they reappeared in various combinations.
In an effort to increase the probability ¢f obtaining a
correct answer, combinations of three were considered. Only
those features which produced good results in the combinations
of two, were chosen for incorpcration into the combinations of
three.

None of these combinations managed to exceed the highest
probability obtained using the combinations of two (0.88 for
Obturator foramen/Ventral arc). Table 11 1indicates the
combinations of three which produced the highest probabiiities
of achieving a correct sex estimation.

Cne last atitempt to increase the probability cf
estimating sex correctly was made. Table 11 indicates that
only two combinations of three criteria produced probabilities
of 0.96. They were: pubis shape/ subpubic concavity/
acetabulum and pubis snape/ ventral arc/ acetabulum. It was
decided to combine these four characteristics and to run an

SPS

w

-5+ v2.0 crosstabulation of the combinaticon controlling

for documented sex. The result was a probability of 0.86 of



TABLE 10. PROBABILITY OF ESTIMATING SEX CORRECTLY
COMBINATION PROBABILITY  PROBABILITY PROBABILITY
CORRECT NO DECISION ERROR
Obturator foramen/Ventral arc p=.98 p=.02 p=0.0
Obturator foramen/True pelvis p=.98 p=.,02 p=0.0
Pubis shape/Acetabulum shape p=.96 p=0.0 o=.04
Ventral arc/True pelvis p=.85 p=.0% p=0.0
Cbturator foramen/ilium shape p=.95 p=.05 p=0.0
Sacrum shape/Subpubic concavity p=.8$5 p=0.0 p=.05
True pelvis/Subpubic cconcavity p=.385 p=0.0C £=.05
Sacrum shape/Acetabulum shape p=.85 p=0.0 p=.05
Sacrum shape/Ventral arc p=.95 p=0.0 =.05
Sacrum shape/Pubis shape p=.95 p=0.0 =.05
Acetabulum shape/True pelvis p=.85 p=0.0 p=.05
TABLE 11. PROBABILITY OF ESTIMATING SEX CORRECTLY
COMBINATIONS OF THREE CRITERIA
COMBINATION PROBABILITY PROBABILITY PROBABILITY
CORRECT NO DECISION ERROR
Pubshape/Subpub/Acetabulum p=.96 p=0.0 p=.04
Pubshape/Venarc/Acetabulum £=.96 p=0.0 p=.04
Cbfor/Subpub/True pelvis 0=.,95 p=.05 p=0.0
Obfor/Venarc/Acetabulum p=.85 p=.05 £0=0.0C
Obfor/Venarc/Pubis snape p=.95 p=.05 p=GC.0
Venarc/Subpub/Sacrum shage p=.958 p=G.0 p=.0k
Venarc/Subpub/True pelvis p=.95 p=0.0 p=.05
Pubshape/Subpub/Sacrum shape p=.95 p=0.0 p=.05
Acetab/Subpub/Sacrum shape p=.85 p=0.0 p=.,05
Truepel/Subpub/Sacrum shape p=.95 £=0.0 p=.0C5
Pubshape/Subpub/True peivis g=.95 p=0.C p=.05
Acetab/Subpub/True pelvis p=.95 p=0.0 p=.05
Acetab/Venarc/Sacrum shape n=.95 p=0.0 p=.05
Pubshape/Venarc/Sacrum shape p=.95 p=0.0 p=.05%
Pubshape/Acetab/Sacrum shape p=.95 p=0.0 p=.05



error.

A1l

estimating sex correctly with a 0.04 probability of making an
analyses
performed

68
of the Phenice (1969) criteria were
in conjunction with those describec above. The
issues surrounding the ventral arc, subpubic concavity and

ischiopubic ramus raised in the introduction to this chapter
are adcdressed in Chapter 5.
Similarly, the direction of error was assessed through an
examination of the incorrect sex assignments
with the analyses performed above.
can be found in Chapter 5.
3.3 GROUP SEX:

1in conjunction
Discussion of the

results
.3.1

EMPLOYING THE BONES OF THE SKULL TO
INTRODUCTION

ASSESS THE SEX OF HUMAN SXELETAL REMAINS
As Keen (1950:

65) observed,

single skull from a forensic case may prove to be difficuilt
Evidence of sex from the skull

Keen,

within and between populations

determining the sex of
is

a

indirect and as a result,
(Acsadi
1950;

Kregman and Iscan,

sex-related features display a wide range of variation botn
1983; Steele and Bramblett,

and Nemeskeri,
1886: St.
138¢&; Ubelaker,

European Anthropoclogists, 1380).
size and musculari

197
Hcyme

-~

and

C

-

~ 7y

1984 ; Workshop of
Since many of the

scan,
features employed to determine sex are associated with general
ty, establishing

of an

crania’
the sex indivicuaji
skull 1s exceedingly probiematic unless the specimen exhibits
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extreme versions of the characteristics (Keen, 1950).

A researcher attempting to determine sex from a group of
skulls is in a much better position than a researcher trying
to determine the sex of an individual skull, since (s)he would
be =zable tc cbserve a ltarge number of individuals and
conseguently, would have a better idea of the expected range
of variation.

Since size is an important factocr in sex determination
from the skull, there will be a certain amount of overlap
between male and female expressions of a feature 1n any
population and, therefore, there will be a small proportion of
cases for which sex cannot accurately be ascertained (Stewart,
1952). When one is employing a morphological trait 1ist, the
indeterminate cases will likely exhibit some Teatures
associated with males and some with females. Under such
circumstances, it is necessary to know upcn which features cne
should rely.

Unfortunately, as indicated ©previously, weightings

ceveloped in the past appear to have been a matter of personal

|

preference. According to St. Hovme and scan, the
distributions of many cranial criteria have never been
reported for individuals of Kknown sex oOr race and the

differences which we have come %o rely upon, 'may simply

reflect our stereotypes” (St. Hoyme and Iscan, 1989: 71).

(4]

This study contributes to our understanding of cran-al

morphological sex characteristics by addressing the follewing



issyes:

(1) What levels of accuracy and reliability can be achieved
using a comprehensive list of cranial features?

(2) Which criterion/criteria is/are the most accurate and
reliabie?

(3) Doces this method of assessing sex produce a bias, and if

sc, in which direction is the error?

3.3.2 THE TRAIT LIST
The features chosen for examination in this study werese

compiled from trait Tists produced by many physical

anthropoiogists including: Bass, 1387; El-Najjar and
McWilliams, 197%: Hrdlicka (Stewart, 1952); Keen, 13950;
Krogman and Iscan, 1986; Meindl et al., 18985; Stewart, 1979,

Seventeen traits representing both the calvarium ard the face

were chosen. A copy of the data sheet employed is presented

in Table 12 (see also Figure 10). Features were scored as
either "male”, "female' or "indeterminate".
3.3.3 LITERATURE R=EVIECW

As indicated abtove, most of the physical anthropoclogists
whcse recommendations were taken into censideration during the
development of the cranial trait list, have variously ranked
the features presented here. These rankings are displayed in
Table 13. Bv examining the literature on craniofacial growth,

it should be possible to predict the most accurate featureis)



TABLE 12. VISUAL SEX DETERMINATION OF THE ADULT SKULL
GROUP/CASE: e DATE:
BURIAL : o o LOCATION:
CONDITION e e e
OBSERVER
SEX e
MALE FEMALE
GENERAL SIZE large & rugged o small and smooth
ARCHITECTURE
FOREHEAD steeper, less round o rounded, full
FRONTAL EMINENCES small large -
SUPRAORBITAL med - large o small — medium .
RIDGES
ORBITS squared, lower, smaller rounded, higher, larger,
roeunded margins sharp margins
NASAL APERTURE higher, narrower lower, wider, rcunded
sharp margins L margins _
NASALS larger, form sharp angle at smaller, wider angle
midline at Jjuncture L
MALARS heavier, more laterally light, more compressed
arched, muscle marked - smooth
ZYGOMATIC posterior end extends as posterior end does not
Crest past ext. aud. meatus extend as far
PARIETAL EMINENCES small o large o
MASTOID medium to jarge small to medium
OCCIPITAL AREA marked muscle protuberances not
lines marked
OCCIPITAL CONDYLES Targe small
PALATE larger, broader small, parabolic shape
U-shaped
TOOTH SIZE larger, Mt 5 cusp o smaltler
MANDIBLE larger, higher symphysis small, lower corporal
broader ascending ramus, gonial angle and ramal dimensions,
<125, gonial angle flares o gonial angle >125, gonial

angle doces nct flare

CHIN FORM sguare rounded



MALE -large, rugged

steep

FEMALE-~small

rounded

forehead
larger

\

forehead
smaller nasals

nasals

/

square
orbits

high, narrow

rounded, higher
orbits
low, wide

)

nasal aperture

O ,
/

larger, more
laterally arched
malars

-
7L

Ql
N
A

gonial angle goni
flares " not
™ . larger, higher
symphysis chin is
| : : rounded
chin is
sguare

small. frortal

large fr9ntal
eminences

eminences

Vv .
large sudraorbital’
ridge BN}

zygomatic root
extends beyond
ext. aud. meatus

nasal aperture

smaller more
compressed malars

al angle does
flare

protruberance
not well mark

gonial angle
"~ greater than 125
degrees
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TABLE 13. RANKING OF SKULL SEX CRITERIA
ACCORDING TO FIVE PHYSICAL ANTHROPCLOGISTS

RANK KROGMAN AND ISCAN (1986) RANK MEINDL ET AL. (1985)

1. General size, architecture 1. overall rugcsity of
occipital, mastoid, zygcmatic

2. supraorbital ridges 2., relative depth of
mandibular rami,
morphoiogy of chin,
degree of goniai eversion

3. mastoid size 3. size of teeth and palate

4, rugosity of occipital region 4. size of pterygoid plates

5. size and shape of malars 5, supraorbital ridges

6. orbit shape and size 6. Trontal profile

7. mandible shape

8. palate shape and size

RANK HRDLICKA (1952) EL-NAJJAR AND STEWART (1979
MCWILLIAMS (1979)

1. general size 1. supraorbital ridges 1. orbital borcers
2. supraorbital 2. orbital borders 2. supraorbitai
ridges ridges
3. mastoid size 3. height of 3. mastoid size

mandibuiar body
4, rugosity of occipital ' 4, rugcsity of
and temporal region occipital

region

5. zvgomatic arch size 5, maiar shape
and size

8. maltar shape and size 6. chin shape

7. alveolar arcn and teeth size

8. mandibtle shape

g, ralate shape and size

10. pbase of skull

11. facial physicgnomy
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for determining sex from the skull and to te both tnis

1))

prediction and the above rankings. According to many
researchers, sexual dimorpnism of the skull is visible largely
as differences in the size of various features (Acsadi and
Nemeskeri, 1870; Bass, 1$87; Brothwell, 1$81; El-Najjar and

cWiliams, 1979; Krogman and Iscan, 1986; St. Hoyme and Iscan,
1383; Steele ancd Brambiett, 1988; Stewart, 1879; Ubelakar,

t ofF

1984 ; Workshopn of European Anthropologists, 1930:. Mo

n

these size differences result from the differential length in
the growing pericd of males and females.

Infant facial features, regardiess of sex, can be
characterized as follows: nose is short, rounded, pug-like;

nasal bridge is low; nasal profile is concave:; forehead is

bulbous and upright; cheekbones are prominent; face is fliat
and eyes are wide set (Enlow, 12823). As the face begins to

grow, changes in dimensions and proportions cccur. The longer
the periocd of growth, the more pronounced these changes wili
be. Female facial features experience a reduction in growth
rate beginning around the thirteenth year of 1ife:; maturation
is completed soon afterward. At the same time, males enter a
growth spurt which continues through adcociescence with

maturation completed in early adulthood (Enlow, 19383; Enlow,
1975; Goldstein, 1938; Nanda, 1955; St. Hcyme and Iscan,
1989). The difference in the duration of the growth period is
a general phenomenon, which varies slightly between individ-

uals. Thus, larger features are generally characteristic of
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maies, but a certain amount of overlap is inevitable. One
might, therefore, expect to see significant sexual differenti-
ation only 1in features which must undergo a considerabile
increase in size and which do so over a long periocd of time,
thereby allowing the effects of the male growth spurt to ccme
into play.

In order to generate some hypctheses concerning the trait
1ist employed in this study, 1t is necessary to examine the
factors which are responsidble for the Tinal adult configur-
ation cf each feature. The duration of growth and the
developmental patterns of the individual characteristics are
outlined below.

The initial impression of the sex of a particular skul?
is usually based upon general size and architecture. A large,
rugged cranium suggests the individual is male, while a small,
gracile cranium suggests female. In an effort to determine
whether sexual dimorphism in cranial size actually occurs, and
to establish at what pecint it first becomes measurable,
Baughan and Demirjian (12878) examined the cranial lengtn and

width and the stature of 73 girls aged € to 15 years and 4

~J

coys aged 10 to 18 years., They discovered that even pricr to

puberty giris have a

4]

malier cranium, both absolutely and in
relation to stature, than toys of the same age. 1Inr addition,

the authors report a spurt in cranial growth for boys, which

was not evident in

48]

irts, anc they indicate that this spurt

contributes to adult sexual dimorphism (Baughan and Demirjian,
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uschang et al. (1983) examined 2&€ males and 2

—
8]
~J
w
~—
V8]

[8)]

females between 4 and 1€ years of age and they also found that
males exhibit greater relative growth than females.

Wnether the skull continues to increase in size tnrough-
out one’s T1ifetime 3is still not clear. Goldstein (13936
reports an overall decrease with age in the dimensicns hre
examined. On the cther nand, Baer (195&) found a significant
increase in male facial dimensions 1in %the third cdecade but
found no significant increase in either male neurocranial cr
female craniofacial dimensions. Tallgren (1974) examinec 32
Finnish women aged 20-723 years over a pericd of 15 years and
found no evidence for significant changes in measurements of
the cranial vault and cranial base. Yet Israé1 (1981; 1373)
discovered continued, although non-uniform, expansicn of the
craniofacial skeleton throughout adult 1ife. His research on

X

26 mailes and 26 females between the ages c¢f 24.5 and 78.
vears indicates that sella turcica, frontal sinus and the
skull tables remodel at a rate twice that of anterior-pos-
tericr skuli diameter and that this pattern is evident in botn
males and femaies (Israsl, 1981).

Therefore, the data support the use cf generzal size and

(]

architecture to establish a first 1impression, however, the
literature alsc suggests that cne must take age intc consider—
ation when empicying these features. If the cranium continues

to grow throughcut adult life, then an older female might

approximate a younger male in general size, and the unwary
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observer could misclassify the individual.

The size of the frontal eminences and supraorbital ridges
and the shape cof the forehead are all dependent upon the same
proccess for their final adult form. According to Enlow

(1883), growth of the inner table of the frontal ceases at agse

five or six, as growth of the frontal] lobe is completed. Yet,

ct

the outer tablie is part of th asomaxiilary complex and =as

o®
3

such, ccntinues tc remocdel cutward until nasal growth stops
some vears later. Since the nasal area of the female com-
pletes its growth several years before that of the male, there
is less separation between the inner and outer tables (ipid).

Greater separaticn c¢f these tables in the male, results 1

¢t

3
[\Y)

larger frontal sinus as well as greater protuberance of the
supracrbital ridges. 1In addition, the anterclateral surf
of the orbital rcof is resorptive while the cutaneous surface
of the supraorbital ridge 1is depository. These fTactors
combine toc create a protrusive superior corbital rim (Enlcw,
1975). The forehead 1is also part of the nasomaxillary
compiex, wnicn 1is displaced downward and forward from the
calvarium during growth {ibid) Conseqguentiy, the male forehead
changes from the buibcous, upright infantile shape to a steepar
and less rounded form (Enlow, 1983).

Growth in the nascmaxillary region lasts longer in mai

®

s
than in females, but growth of the inner table is completed a=
approximately the same age. Therefore, the compliex of

features; frontal eminence and supraorbital ridge size and
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forehead shape, should provide good skeletal evidence for the
sex of the individual.

Enlow (1875) notes that the nasal and jaw regions grow

+
t

faster and tc a greater extent than the orbits and sof
tissues and as a result, adult eyes appear smaller than infant
eyes, 1n proportion to the rest of the face. Since male
features grow for a longer period fthan femaie fezatures, thne
]

femzale oroits appear to be larger and to be located higher 1in

the face than the male orbits. Additionally, the snlarged
male supracrkital ridges decrease orbital height slightly (St.
Hoyme and Iscan, 1989), adding to the impression that male
orbits are squared, situated lower in the face and smaller
than those of the female.

The characteristic size and shape of the crbits are
subject to the configuraticn of the rest of the skull. They
appear to be larger or smaller depending upon the length of
the face, the degree of forehead sloping and the size cof the
supraorbital ridges. Rather tThan being tangible features,

o
na

they are merely impressicns. As such, orbital size and

”

T
[0}

may be wuseful 1in typical cases but will probably not bs
helpful in borderiine individuals.

The orbit does not require a large increase in size 1in
crder tc accommodate the growing eye and its surrounding
tissues (Enlow, 138975). In contrast, the maxilla undergeces

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

et al., 1882b; Enlow, 1975; Goldstein, 189386). Thus, as the
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maxilla is displaced downward and the crbital fioor (part of
the maxilla) drifts with it, the orbit becomes unnecessarily
large. In crder to compensate for this drift and to maintain
the proper orbital size, the orbital flocor deposits bone
{Enlow, 1975). Conseguently, the floor of the nasal aperture,
originally very clicse to the floor of the orbit, 1s almost
twice the distance from the orbital floor by the time growtn
is completed (ibid). Since the duration of growth in this
region 1is greater for males, the nasal aperture will b=
longer, vet the simultaneous forward projection of the nasal
region, will cause the aperture to be situated higher on the
male face than on the female face.

Nasal aperture form is, therefore, the result of downward
and forward growth of the nasomaxiilary region. Since &
significant amount of growth occurs in this area and the
duration of growth is longer in males, this feature should be
fairly useful in skeletal sex determination.

Sexual dimorphism in rasal shape and form are alsc the
result of size differences. Tne nasais are usually larger 1in
males due to the extended duration of craniofacial growth.
Nasal Torm results from the pattern of interaction oFf two
structures adjacent to the nasal bones. The malar region
becomes relccated posterioriy while the adjacent nasal region
of the maxilla enlarges anteriorly, resulting in a prctrusive
nose (Enlow, 1975). &ince the nasais increase in length butx

grow very little in width (ibid), they must gradually form a
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sharper angie in the midline in order to compensate for the
divergent growth in the surrounding regions.

In order for this feature to be reliable, growth cccur-
ring 1in the malar and maxillary regicns must consistently
interact in such a way that pressure, created by the diverging
patterns of growth, causes the nasals to bend in the midiine.
The shape of the nasal bones is, therefore, dependent upon twco
different systems 1in order to become manifest and, for this
reascn, nasal shnape will probably not be the most useful
criterion.

As indicated above, the malar Dbecomes relocated
posteriorly during growth. The zygomatic arch moves laterally
by resorption on the medial side, within the temporal fossa,
and by deposition on the lateral surface (Eniow, 1875). Thus
the temporal fossa enlarges while the malar remains
proportionately broad in relation to the face, jaw size, and
masticatory muscuiature (ibid). Due to the extended growth of
the male facial skeleton, the malars are larger and the
zygomatic arches displaced more laterally than the correspon-
ding structures 1in females. Dependent almost solely on
differences 1in the duration of the male and female growth
period, malar shape will probably be useful in all cases
except those that are borderline.

Keen {195C) observed a difference between the form of the
posterior root of the zygematic of males and females. In

males, the root is continuous with the supramastoid crest,
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which then becomes part of the temporal 1ine. He indicates
that this feature is dependent upon the masticatory apparatus,
specifically, the development of the temporalis muscle (ibid).
St. Hoyme and Iscan (13589) suggest that this feature 1is a
reflection of greater male robusticity, which can be seen
elsewhere in the skeleton. This feature will only be reliable
if the sample under examinaticon exhibits sexually dimorphic
robusticity. In typically gracile or robust populations,
sexual differences of the posterior rcot of the zygomatic wili
not be significant.

The parietal eminence is the initial site of ossification
for the parietal bone. Examination of the infant skul]
reveals that the parietal is bowed outward, the eminence being
the most lateral point cn the bone. Enlow (1975) noted that
as the brain expands, the bcnes of the calvarium are displaced
cutwardly, and the arc of curvature ocf the whole bone
decreases. This process accounts for the larger female
parietal eminence. The male calvarium continues to grow after
female growth is completed (RBaughan and Cemirjian, 13787,
consequently, 1t takes on a flatter appearance and the
parietal eminence beccmes la2ss marked than in females. Given
that some overlap will occur between the length of the growing

periods of individual males and females, one can also expect

overlap between male and female parietal eminence size. Thus,

this feature will likely be useful only in extreme cases.
Mastcid and occipital condyle size are reflecticns of
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L i

extencded male growth. They are continucus variables which are
recorced simply as small, medium or large and are, therefcre,
highly subjective criteria. If, however, a large sampie 1is
being examined, one would have a fairly gccd idea of
expected range of variation. Consequentiy, these Tfeatures
would be much more useful. Since the St. Thomas’ sample is

guite extensive, both mastcid and cccipital size should

O
-

tion.
Heavily marked occipital muscular attachments are, onrce

agzain, reflection of both perscnal muscular development and

)

general robusticity. This criterion should be as effective as

cther indices of rcbusticity.

oy
0]
1]
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The "V" principle, described by Enlcow (1975},

f

[\
O
s
[4)]
——d

explains the enlargement c¢f the human paliate. Man

&

bones, or parts of benes, have a roughly v-shaped form.
During expansion, bcocne depcsition occcurs on the inner surface
of the "V", while resorption occurs on the outer. Movemert is

tocward the wide end of the "V". Thus, both dispiacement and

b
ct

enlargsment occur. Such 1s the case with the palate. As

enlarges, 1t alsc widens (ibid). Growth in the nascmaxillar:

~

region continues several years longer in males than in females
(Enlow, 1982). Thus, the male palate 1is both larger anc

brcader. Due to the extended male growinrg pericd, pa

snape and size shcould be guite useful for cranial sex determi
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Although many researchers mention tooth size as

u]

possible scource of sexual dimorphism (Acsadi and Nemeskeri,
1870; Hrdlicka, 1in Stewart, 13852; Krogman and Iscan, 1936;

Workshop of European Anthrcpologists, 1980), most sesm to

=3

agree with St. Hoyme and Iscan that, "the range of ove
size, shape, and cclor [of teeth] is such as tc make these

features of dubicus value for establishing race or sex” (1989:

The direction of grewth of the mandible is complex.

The young child’s mandible appears tc be pointed. This
is because it 1is wide, short, and more "V'-shaped. In
the adult, the entire lower jaw becomes "squared”. With
the deveicpment of the chin, together with massive growth
in the lateral areas of the trihedral eminence, erupticn
of the permanent dentition, lateral enlargement of each
ramus, expansion of the masticatory musculature, and
flaring of the gonial regions, the whole lower face takes
on a "U"-shaped configuration, resulting in a consider-
ably more full appearance...In the infant nd  young
child, the gonial region lies well inside (medial to)
the cheekbone. In the adult, the postercinferior corner
of the mandible extends laterally out to the cheekbone,
or nearliy so. Tnis gives the postericr part of the jaw
a square appearance,

O1

(Enlow, 1975: 6

Enlow (1875) also notes that the ramus becomes progr

[0

S8-

ively more upright during mandibular development. T

w

accounts for the typical male gonial angle of less than 1253
degrees. Clearly, the characteristic male mandible; larger,
higher symphysis, broader ascending ramus and flaring gonial
angie, 1is simply the result of continued male growth,

Buschang et al. (1983b) indicate that the greatest relative
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growth of the face occurs in the mandible. This Tact,
combined with the knowledge that male craniofacial growth s
not complete until some vyears after female craniofacial
grewth, suggests that the mandible, including chin form, will
be exceptionally useful for sex determination.

In summary, a review of the literature concerning cranio-
facial growth has led to a number of predictions regarding the
accuracy of the cranial traits emploved in this study. Unlike
the pelivic criteria, the cranial features did not fall into
easily distinguishable categories. The suggested ranking 1s
as follows:

General size and architecture should be used in or

gain an initial impression. Some indication of =i

expected degree of dimorphism visible in other fe
might be gained from this initial examination.

MOST EFFECTIVE Mandible chin form

SECOND MOST EFFECTIVE

Forehead, frocntal eminences and supraorbital ridges
should be considered a single point of evidence.
Palate

Measures of robusticity should be given

consideration cnily if the range of variaticn for

the group can be established and the evidence

suggests that the entire sample does not fall into

one of the two extreme categories, If a cursocry
examination warrants 1it, pay special attenticr to
zygomatic root, occipital and temporal muscle

markings, mastoid and occipital condyle size.

ct
S5
D

THIRD MOST EFFECTIVE
Nasal aperture Malars

FOURTH MOST EFFECTIVE

LEAST EFFECTIVE
Nasals Teeth
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The studies used to generate these predictions suggest

that the inherent direction of error for cranial sex criteria

(¥

favours females. The evidence supports the position that
sexual dimorphism of the skull is the result of the longer

period of male craniofacial growth (Enlow, 1983; Enlow, 1975;

w
S

Goldstein, 1936; Nanda, 1885; 8t. Hoyme and Iscan, 188
Thus, one could expect borderline individuals to be classified
"female", simply because they had not attained the typica
male size and aopearance. This prediction 1is supported by
Meindl et al. (1985), who observe that females were rarely

misclassified while males were occasionally mistaken for

females, but it contradicts the findings cf Weiss (1972). K

[(}]

claims that the larger/smailer type of sex characteristics of
the skull produce, "an irresistible temptation in many cases
to call doubtful specimens male" (Weiss, 1972: 240), tnereby
producing a bias in favour of males. Meind]l and colleagues
alsc note that female skulils appear more male-like with age

and they conclude that while voung males might be mistaken for

3

females, older femaies might also be mistaken for males

(9]

(Meindl et al., 1985).

3.3.4 HYPOTHESES

It was possible to develop three main hypotheses based
upon the cranial growth literature. They are as follows:
1. The cranial morphclicgical approach to skeletal sex

determination can accurateiy identify the sex of an individuai



and can produce accurate sex profiles of a sample. This

nypothesis will be accepted if the method has an accuracy

ratic developed from the parish records.
2. The features of the face are better indicators than

the feature

oy

of the calvarium . In order tc accept this

hypothesis the facial criteria must exhibit both

Y

mean
accuracy which is at ieast 10% higher and a mean intracbserver
errcr which 1s at Jleast 5% lower than the features of the
caivarium

3. Any bias in the morphological method of cranial sex
determination will favour females. This hypothesis will be

accepted if there a greater percentage of females than male

1]

were misclassified.

3.3.5 METHODS AND RESULTS
3.3.5.1 Data Ccliection

Cranial sex determination was conducted toward the erd of
the four month period during which data from the St. Thcmas'’

site were collected. In teotal, 245 skulls were sufficiently

[64]

intact to permit some attempt at sex determination.

-

The crania and mandibles were examined 1in groups of

1]

approximately 8C0-S0. As the skulls were crought inte the Tlab

—.

by assistants, the researcher diviced them inte two groups

based solely on general size and architecture., Once the
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initial eighty skulls were separated in this manner, the three
largest and three smallest were examined in detail. Each of

the six skulls exhibited extreme versions of almost every
characteristic under consideration. Thus the expected range
of variation for the sample was established. These six skulls
remained available for comparison throughout the examination

period and were uUsed a the standard by which subjective

11}

assessments, such as "large”, "medium" or small”, were made.

Each skull was then considered individually.
criteria were observed in the order in which they appear on
the trait Tist. Borderline features were compared to the six
extreme cases in an effort to achieve clarification. In scme
instances, this process was unsuccessful and the feature was
left as "indeterminate".

After all the observations had Leen mace, =ach
criterion was given eqgual weighting and sex was assigned
according to the category (male or female) into which the

majority of features fell. As assessments were completed, th

[\

skulls were placed on the researcher’s jeft if they had been
designated female, and on the right, 1if maile. Befcocre ezch
group was returned and the next was brought in, the skulls

£

O

were once again compared to one another, on the btasis
general size and physioghncomy, to determine whether they
appeared to belong in the division inte which they had been
claced. If doutbt was raised, the skull was reassessed.

Once all cf the skulls had teen anaiyzed, fority-ninre
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[8s]

individuals were re-examined for degree c¢of intracbserver

rLe

B

error., The retestasd cases consisted of somre indetermin

P

4]

individuals and a random selection of the remaining skuill

2.3.5.2 Data Analysis

Precision was addressed via a test for intracbserver

error. The forty-nine re-examined cases were assessad for
differences in overall sex assignments (male and female)
Detween trials. There were six disagreements, resulting 1in
12.2% error. This ievel of intracoserver error is

unacceptably nhigh. It was previously suggested that one or
two unreliable criteria could adversely affect the Jevel of
error of the entire method. Therefore, the reliability of
each feature was calculated. Table 14 Tists the traits and
pcrovides a breakdown of the percentages of all possible forms
of disagreements.

Although there are no extremely high levels of 1intra-

0]

bserver errcr, <there are two features that exceed tne

B

acceptable Tevel of 10%. Both nasal aperture size, shape and
piacement and croit size, snape and border sharpness wers
found to be unreliable in this study. Since they only surpassa

the critical value by a few percentage points, these problem-

b ; -

atic criteria were included in the rest of the analvsis. Tne
implication of incorporating these features into the trait
list may be significant, th refore, it will be discussed in

Chapter &,



TABLE 14, PERCENTAGE OF EACH TYPE OF DISAGREEMENT AND
RANKING OF CRITERIA ACCORDING TO THE LEAST AMGOUNT
OF INTRAOBSERVER ERROR

TRAIT ¥ PROPORTION CF + ERROR CF @INTRA- RANK

DIFFERENCE INDETERMINATE OBSERVER

CRITERIA ERROR

Cccipital condyles 28.E% 24.5% 0.C% 1
Tooth size 28.7% 18.3% 0.0% 1
General size 42 .8% 40.8% 0.0% 1
Mastoids 44,9% 44 ,9% 0.C% 1
Supraorbital ridges 26.4% 20.4% 2.0% 5
Parjetal eminences 28.5% 26.5% 2.0% 5
Occipital markings 42.8% 34.7% 2.0% 5
Chin form 18.3% 14.,2% 4.1% 8
Mandible 30.6% 24 .5% 4.1% 8
Patlate 30.6% 24 .5% 4,.1% 8
Malars 30.7% 18.4% 4.1% 3
Frontal eminences 34.6% 28.5% 4.1% &
Forehead 42.8% 32.6% 4.1% 2
Zygomatics 30.6% 24,5% 6.1% 14
Nasals 2.6% 26.5% 6.1% 14
Nasal aperture 20.3% 4,0% 10.3% 15
Orbits 28.5% 14,3% 12.2% 17
N=49
* Refers to disagreements betwsen triais that resuited ‘rom an
attempt to assess the c¢criterion in only cne of the twe instances
(probably cdue to fragmentsd nature of the material).
+ Refers to disagreements between trials caused by assigning 2
sex during one assessment but Tlabelling the second attempt

"indeterminate”.

@&

Refers to the percentage of cases, for each criterion, that
nderwent a reversal in sex assignment between trial one and trial
TWO.

o
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Having establisred the Jlevels of reliability for each

trait, the next step was to e

n

tablish the accuracy of using
morphological features of the cranium to cetermine sex. One
means of assessing accuracy involved a comparison between the
documented and estimated sex of the forty-six personally known

+
!

TV

|

individuals for whom cranial material was availaple.

1))
O

the forty-six sex estimates were incorrect. The percentage of
error was thus 10.9%. By empleoying only the cranial traits

described above, an 89.1% level of accuracy was achieved.
Accuracy was also examined by comparing the sex profiie
of the entire cemetery sample to the prcfile of the excavated
sampie. Before this analysis was undertaken, it was necessary
to first determine which assignment of sex should be empioved

for the six undocumented cases in which two sets of okbs

®

1Y

Y

tions were made, and in which a discrepancy occurred. It wa

(4]

believed that greater expertise would be gained by the time
the second observations were made, and therefore, the second
assignment should be emploved. This prediction was tested bv

eacn trait and known sex by

—d

crosstabuliating known sex b

~<

estimated sex for those cases in which documented sex was

0
[
O
0]
ot
)
D

available. SPES PC+ ver

O]

ion 2.0 was used to prod
results presented in Table 15 and Figure 11,

As the data for final estimated sex indicate, trial 2
results were generally better than thcse for trial one, Ten
Cnaracteristics exhibited higher accuracy for trial twe; only

four, for trial 1; and in three cases, the levels of accuracy
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FIGURE 11.
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remained the same. Thus it would appear that expertise was
gained by the time the retests were made., Therefore, in casss
where discrepancies occurred, the second assessment was
employed.
Having established the validity of using the results of
trial 2, SPSS PC+ version 2.0 was employed tc conduct a
binomial test (see Appendix 2. for description). As was the
case for the assessment of the relvic bones, two parish record
freguencies were calculated in order to account for tne
possibility that some of the individuals whose ages were
Unrecorded were aduits.
According to the register, there were 483-498 adult males

and 3432-349 adult females (D.O.A.M. series I, part 35A; Gerry

9]
[£0]

Boyce, pers. comm.). This produced frequencies of 0.58-0.
for males and (0.42-0.41 fer females., Using cranial sex
assignment only, the excavated sample consisted of 135 males
and 108 females, resulting in freguencies of 0.56 and 0.44,
respectively (compared to 0.57 and 0.43 for the peivis). Two

bincmial tests wer run, the first using the dccumented

12}

frequency of 0.538 zand +he second using (.59. The results
indicate (p=0.4735 and P=0.3047, respectively) that there 1S

no significant difference between the documented sex rati

of

O

the cemetery sample and the ratio established for the exca-
vated sample.

The individual traits wera also examined for their

ct
b

acility tc refiect the sex ¢t the individuai. Crcss—-tabuia-
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tions of each feature by documented sex were performed
using SPSS PC + version 2.0. Once again, trial two resulte
were empicyed whenever a discrepancy between test one and test
two results occcurred. Table 16 contains the outcome of the
cross-tabulations. These results indicate that, individualiy,
many of the cranijal sex-related traits produce levels of

accuracy oniy slightly better than what can te expected due to

chance alone. In fact, 53% were Jess accurate than pure
chance., The implication of these findings are discussed in
Chapter 5.

Meindl et al. (1985) suggest that sex-dependent features
of the skull are significantly affected by age. In an effort
to assess the effects of age on accuracy, the known cases were
divided intc three age categeries and the cress-tabulations
were rerun. The first division consisted of individuals jess
than twenty-five years of age. Since male craniofacial growth

is not completed unti] early adulthood {Enlow, 1582: Eniow,

¥

1375), this Category encompasses the growing periocd. The next

ct
9]

division was comprised of individuals aged twenty-five

(o3

foerty-four, and the last group were those aged forty-five an
older. Table 17 illustrates the accuracy of each trait bv age
category.

Cnce again, despite the apparent age associated trends,
a chi sguare t*tes+t reveais no significant difference between
the levels of accuracy achieved in the three age categoriss

{(p=0.432). In addition, a Fisher’s exact probability test



TABLE 16.

TRA

IT

Nasal aperture

Zygomatics

Malars
Supracorbital
Chin form

Occipital markings

Nasals
Mandibie
Mastoids
Forehead
Orbits

General

Palate

Frontal eminences
Parietal eminences
Occipital condyles
Tooth size

TABLE 17.
FEATURE

siZe

General size
Forehead

Frontal eminences

Surpracrbital
Orbits

Nas

al

Nasais
Malars

Zycomatics
Parietal eminences

ridges

ridges

agerture

Mastoids

Cccipital markings
condyles

Occipital
Palate

Tocth size

Mandible

Chin form
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indicates that only twc individual criteria, the zygomatics

and occipital markings, exhibit age-related patterns of
accuracy. In becth cases, accuracy increased with age. This
pattern is contrary to that suggested by Meindl et al. (1985).

Since the accuracy and the precision of a trait are
equally important, Table 18 illustrates the combined ranking
for each criterion. The significance of these findings 1is
fully discussed in Chapter 5.

Blocks of criteria were also assessed for their col
tive effectiveness as skeletal sex indicaters. Two by twe
tables, controlling for documented sex, of all pcssible

combinaticns of criteria were performed using SPSS PC+.

The probability, for each combination, of estimating sax
correctly was calculated using the procedure previcusly
described for the pelvis. The original method of analysis, in
which each critericn was given egual weight, produced an

accuracy of 89.1%. Therefore, the comtination techniqgue must

sroduce cprcobabilities greater than ©£.82% 1in order to b

M

considered an improvement. Unfortunately, the combin

-
i

Q

()

-

W

oroducing the best results, zygomatics and malars, acnieved a
probability of only 0.88,

In an effort to increase the probapility of cbtaining a
correct answer, combinations of three were considered. Only

~

those criteria which produced The best resul

o

s in the comtina-
tions of two were chosen fcr incorporaticn into the comocina-

ticns of three. Only one combinaticn, zygematics/ malars/
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nasal aperture, 1improved upon the original method. The
probabiiity of achieving an accurate estimation using these
three criteria was 0.91. A1l other combinations of three

resulted in procabiiities be
he directicn of error was assessed througn an examin

ation of the incorrect sex assignments in conjunction with the

analyses performed above. Discussion of the results can be
found in Chapter 5,

3.4 CONCORDANCE OF PELVIC AND CRANIAL TRAITS
Both pelvic and cranial morphological sex criteria were
available for two hundred and thirty-nine individuals.

Disagreements b

[}

tween the sex estimate produced from pelvic
observations and that produced from cranial observations

occur in tnirty-one cases. Concordance of pelvic and cranial

sex estimaticons 1is 87%. Only feour of the thirty-one
disagreeing cases were personally identified individuals. 1In

- .

ali four cases, the pelvic estimate was correct while the

cranial estimats was not.



CHAPTER FQUR
4.0 AGE ESTIMATION

Ever since Todd (1920) first demcnstrated that the pubic
symgnyseal face undergces regular age-related cranges,
analysis of the pubic symphysis has been tne princical metncd

age estimation 1in both pa
forensic anthropoleogy in North America (Meind]l and Love

1989). In fact, despite numercus warnings (Brocks, 1955: £28;

]
]

Brooks and Suchey, 19%C: 237; Todd, 1920: 314), researchers

3N

have freguently relied upon only the pubic symphysis to
estimate skeletal age-at-death (Meindl and Lovejoy, 19833).
Meindl and Lovejoy (128%) attribute the trust that is niacead
in this method to the clarity and distinctiveness of some of
its eariy age-related changes, and to the DOOr reviews that

other methods have received when put to the test. For

examplie, Brcoks (1335}, found that cranial suture cliosure was

s
§9]
—t

an extremely unreliable =zge indicator, whersas the cubic
symphysis tecnnigque produced better results. Simi
McKern (1957) recommended the use of epiphvseal and suture
closure, for individuals over 17 years, only when tre cubic
symphysis was damaged cr missing.

In contrast to these earlijer studies, Meind



colleagues (1933), assessed five methods of estimating age-at-
death and discovered that the highest correlaticns between
actual and estimated age were generated by summary age
(weighted average of the results of all of the methods; 0.33),
clinical age (a subjective seriation of the cases by summary

age; 0.82), auricular surface (0.72), dental wear (C.70),

cranial sdutures (0.65), pubic symphysis {(a mocdified version of

184

Todd’s [1920] study; 0.57) and proximail femur (0.521. Thness

-
i
'

resuits suggest that more attention be directed toward other
technigues, and that the poubic symphysis method is in need of
further improvements.

Fecently, Suchey and Brooks (Suchey et al., 13923) andg
Suchey, Brooks and Katz (Suchey and katz, 1988) have develcped
an approach to pubic symphyseal age estimation (cone for
females and cne for males) which they beiieve is supsrior to

all previous methods.

The objective of the present analysis was to assess the

accuracy of the Suchey-Brcoks (Suchey et al., 1928) and
Suchey~-Katz (192858) methods of estimating age-at-death fror +“he

C
o
o
—d
0
0

ot

ymphysis and, similarly, the accuracy of the Lovejoy e

b P

H
H

by
®

al. (1985) auricular surface age estimation tecnnicus.

s of accuracy, inaccuracy and bias were caicuiated by

I

ge category (as provided oy tns

using the mean of each a

criginal authoers). Both sets of data were then comparecd to

3
a
[4v]
n

~J

their Gilbert-McKern {1672) and McKern-Stewart {

counterparts 1in order to establish whether the cney and

n
C
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eagues’ methods are, in fact, superior to otner

to the tidy blocks of ages, e.g. decades or five vear blocks
that are used in sample age prcfiles, the phnase ranges must ke
convarted in order to fit the predefined categories cof the ags

crefile. There are many methods of making Tnis corversion

[87]

{see Jackes, 1985). In this study, the most straightforward
method of conversicn, which uses the mean age of each phase,
was employed. Jackes (1885) system of pubi symphysis age
distribution was alsc used. Trhis approach involves casting
all the cases within a phase over its 98% range (2 standard
deviations) by assuming that the ages are normally distributed
and calculating the prcktability of obtaining each age witnhin

the range (see Jackes [1885] for methodeclogy). Botr tvypes of

distributions were then compared to the documentad age

porcfiie.
Tne leveis of accurazy, 1inaccuracy and btias cof the
auricular surface technigue were compared Lo thcse of the

pubic symphyseal approaches,

4.2.1 PUBIC SYMPHYSEAL AGE ESTIMATICNM

-4
)
M
(6}
[
8]
-
O
o
<
=3

0
)
=
(03]
0]
4]
]
(8]
0]
¢

stimation methecd has undercone

considerable moditTication since Todd (192C) first introducad



h"1s system of analvsis over seventy years ago. An in-depnth
treatment of the mcdifications and the tests of tresse

modifications is beyond the scope of this analysis, thus the
reader is referred to Jackes (1in press) and Krocman anc Iscan

1988) for greater detail.

—

Brooks (1955) conducted the earliest tast of

apprcach. Snhe found that only 34% of the males and 21% cf *the
femajies 1in her samplie could be correctly assessad, Her

primary concern was the tendency of the method to overage
individuals (Brocks, 1955: 528). More recent tests of the
Todd technique confirm this finding (Katz and Suchey, 1985;
Meindl et al., 1983; Suchey et al., 1988), although Meincdi and
colleagues (1883) also noted that there was a tendency to
underage in the fifth and sixth decades. Another criticism of
Tocdd's method was the exclusion of a number of symphyses from
the anaiysis because they did not conform to his ideal

catterns, thus the total range of ncormal variation was greatly

examinations made by Todd or one of his cclleagues wera used

in place of actual documented age, Tor cocmparison o
skeletally estimated age-at-death (Suchey et al., 1338},

McKern and Stewar®t (1357) felt that Todd’s technigus was

too static: that it was only useful on pubic symphyses which
conformed to Todd’s concest oFf “"typical’. Therefore, +trey



developed a new approach to pubic symphyseal age estimation
which they believed was more flexible and consequertly,
capable of accounting for a greater amount of individual
variability. McKern (1957) reported that the method produced
better results than age estimates made from epiphvseal and
suture closure in individuals between 17 and 25 ysars of age.

ratic of actual and estimated age was 0.35,

-

- - s
e Corre1at

0

5

Bocguet-Appe]l and Masset (1982) argue that the Mcxern-

0

Stewart method produces an age distribution very similar to

=3

ginal reference population (Korean War dzad).

5
o

that of © or

(e

Jackes (1985) agreed with these findings noting that it was

- iy
H e /
oyed ©

possiblie te identify the age estimation technique emp

an anthropolcgist simply by the age prefile which is produced.

O

Tne strong correlation tetween estimated and actua
achieved by McKern (1957) can be explained by the fact that
his test sample was derived from his original reference
population of Korean War dead. An additional problem with the

McKern-Stewart method, noted by Meindl and Lovejoy (1229)

-
[

that the ages of the individuals in the criginal samcle scan

only a few decades (17-50 vyears but only seven individuais
were Dbetween 40 and 50 vears of age). The highest ags

category is 38+ with a mean of conly 41 vyears (McKerrn and
Stewart, 1857). Thus, individuals clder than fifty years wilj

-
]
i

be significantly underaged. wWhile this presents a proglem “or

anyone attempting tc estimate age, it is particularly vexing
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Tife tables, since key features of the table, l1ife expectancy
for example, are dependent upon the oldest attained age,.

Gilbert {(1973) demonstrated that female age from rpubes

would be underestimated if the McKern-Stewart {1827)

technigue, developed for males, was employed to estimate

€ age-at-death, since pubic maturaticn occurs, on

McKern (1873) method for estimating female age-at-death wsas
introduced. Unfortunately, Suchey (1979) found 2 considerzble

amount of variation in the st

age assignments for this methoc

macde by twenty-three phvsical anthropclogists on the same

-

eleven female pubes. Only 51% of all of the age

{b

sgessments

®»

mage were correct, despite the brcad age categories which are

part c¢f this technigue. Most researchers had difficultiss
determining whethe~ the ventral rampart was being built up cr
brcken down.,

Hanihara and Suzuki (1278) developed a method of

estimating pubic age throuch muitiple regression aralysis.

J

While their technicue ig better than cther compenent gystams
in the 20-40 year range (Meinrdl and Lovejoy, 12892}, it is not
reccmmended for use on individuals over 40 vysars oF age
(Haninara and Suzuki, 1878,

Nemeskeri and colleagues (Acsiadi and Nemeskeri

alsc deveioped a metned of estimating age-at-death from

"y
b
w
9 ~d
(63} 3 O
0] ~

putic symphysis. Studies incicate that this aporoach zssesseas

toc many individuals at cetween 45 and 60 years of age
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10
{Jackes, 1¢85)., 1In addition, it focuses primarily on the very
early and the very Tlate changes making it possible +to
determine only whether a case 1s under 50, about 50 or cver 50
vyears (Brocks and Suchey, 1890).

-

the most recent improvements are those of Suchey and

Brooks (Suchey et al., 1828) for females and Sucney and Katrz
(1988) for males. Both methods examine the tctal pattern cf

change and reject the component analysis approach {RBrocks and

Suchey, 1990). The advantages of these techniques inciude the

[€8)

large sample sizes used to develop the method (females = 27

)

and males = 739): the fact that the documented ages-at-deat
of the individuals included in the original Stucdy ccver most
of the aduit 1i%e span {(14-93 years of agej; and the variety
cof populations from which the cases were drawn (White, Black,
Mexican, Oriental and Cther). To date, noc evaluations of
these twoc methocs, empleying samples independent of the

criginal refererce groug, have been made.
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1IETHOD OF AGE ESTIMATION
A relativeiy new approcach, the auricular surface methocd
of estimating age-at-death, was formally introduced by Lovejov
and his colleagues in 13525, Both this system and an earijier
Tform of the technique, developed by Kobayashi (1367), were

ied to Portuguese Mesolithic samples by Jackes (in press)

i

ot

and were found unsatisfactory due to the pocr condition of

auricular surfaces and the high degree of inter-observer
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disagreement. Yet, 1in the original tests of the method,

tefore it was fully developed, correlaticns with stated age

ct

ranged from 0.85 to €.75 (Lovejoy et al., 1985). Meindl e

>}

al. (1883) were able tc achieve a correlation cf .72 betwesen
actual and estimated ages using the fully developed technigue,
wnile Bedfcocrd et al. (188%) produced slightly lass impressive

results with a correlation of 0.80 between actual and

7]

skeletally-derived age. Sokal and Ronlf (123871) nave sucggestead
that the cecefficient of determination {(r?), which ranges *rcm

zero to one, is a better measure of the relationship betwean

O
)
3
ct
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variables than 1i1s the correlation coefficient
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when one is comparing the relative importance of ¢

-

of different magnitudes. This being the case, Lovelcy and
coileague’s age assessments exhibit & coefficient cof

determinaticn ranging from 0.30 to 0.55; Meindl ard colieagues

The results of Murray and Murray (1821) were even mocre
pessimistic. These researchers examined 189 individuais from
the Terry ccllection and assigned only 44% correctly or within
]

i
i

one category of actuail age. hey conciuded that tne auricu
surface method overestimates the actual age of younger adults
anc undersstimates the age of older adults, with & crossover
between 35 and 40 years of age (Murray and Murray, 1991).
Because the method develcped by Lovejoy et al. (188&5)

mads use of the Hamann-Todd collecticon of skeletal material,

[()]

there was some question concerning the "known" or actual ages



of many of the individuals. It was suggested that some of the
actual ages were simply estimates made by Todd, or his

cclleagues, fellowing anatomical examinations of the

D

guestionable 1individuals (Brocks, pers. comm.). The same

{

claim had been made by Katz and Suchey (198%8) concerning a
sampie employed by Meindl et al. (1985) to develop and tes®t =z
formal multifactorial method of age estimation, wnich included
the auricular surface. Recently Meindl and colleagues stated
that, "all of the ages used in our subsample [to develop and
test the multifactorial method] were in fact the legal age at
death recorded on (and copied from) the United States Revised
Death Certificate filed at the Vital Records Division of
Cleveland City Hall for each specimen used in the study”
(Meindl et al., 1990: 2350). Unfortunately, it was not mace
clear whether the five hundred specimens from the
Collection used to develop the auricular surface technigue.
specifically, were alsoc represented by ages recorded on death
certificates. The implications of using anatcmical estimates
i

in place of actual documented age will be discussed in Chapter

5.

4.3 METHODS AND RESULTS

4.3.1 DATA COLLECTICN

(49}

ge estimaticns were conducted saparately for the pubic

T

symphysis methods and the auricular surfacs technigue so that

cbservations made using one apprcach weould not bias those of
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the other. The Suchey-Katz and McKern-Stewart methods (for

males) and the Suchey-Brooks and Gilbert-McKern methods (for

2

ue

females) were employved cne after the other for each case.
to time constraints, it was impractical to assess the pubic
symphyses of 174 1individuals on twc separate occasicns.
Furthermore, in this study the focus is on the Suchey methods:
the Mckern-Stewart and Gilcert-McKern systems ara used only as
standards fcr compariscn. In addition, the Suchey methocs
empicy a total pattern approach rather than the ccmponent
analysis used by the other techniques. Therefore, providing
that the Suchey method was performed first, it was believed
that no significant bias would result.

Cne hundred and fourteen males were examined foliowing
the procedure of Suchey and Katz (1988). Both casts ard

description

o

, representing the six phases, are emploved 1in
this system which requires the observer to focus upon cveral!
patterns of change. Similarly, casts and descriptions were
e fTor the McKern and Stewart (1957) method which
fccuses upcn three compenents of the pubic symphysis: the
ventral rampart, the dorsal demi-face and the symphyseal rim.

Sixty females were analyzed following Sucheyv, Brocks and Katz

(1338) which incorperates the use of both casts and
descripticns in its total pattern apprcach. The Gilbert and

Mcrern {(1373) method, analogcocus to that of Mckern and Stewart
(1287), 1is component system which employs both casts and

Q
]
on
9]
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1CS
ach set of pubes was examined and, after the data were
recorded, grouped according to its Suchey-Katz o©or Suchey-
Broocks ghase (ma
of the cases had been analyzed, attempts were made to seriate

the individuai

o
b3
ot
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but the wide range of

variation within each phase rendered the attempts uselsss.

e

Comparisons were made, both within and between divisions, to

ensure that all members within a phase appeared to ke =zt

relatively th

1]

same stage of development (cr degeneration).
If the right and left sides of a set of symphyses fTrom cone
individual appeared to belcng to different phases, both were
noted but the ycunger one was chosen to represent the
estimated age cn the assumption that disease or patroicagy
couid cause the surface to appear prematurely old.

Cnce &ail cf the symphivyses had been examined, a randcm
selecticn of 35 males and 25 females were re—exam:ined for Lhe
purpose of ccnducting an intra-observer error test.

Two hundred and thirty-eight hip bcnes were analyzed
using the Lovejoy et al. (1885} auricular surface method b
age estimation. BRcth the descripticns (Lovejeoy et &1., 19a:z;)

and the photograpchs provided by Bedford et al. {19829) were

granulaticn, macroperosity, Eillowing, striaticns and
transverss organization of the auricular surface of the 11ium.
If two auricular surfaces from one person seemed to be ofF

different ages, the younger was chosen becauss disease and
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pathcliogy can cause the surface to appear crematurely old
(Rothschiid, pers. cemm, ). Similarly, whenever a surface
appeared borderline between two age categories, the younger

one was chocsen.

After zach set of auricular surtaces was examined, it was
arouped by age categcry. Once the individual analysis was

completed, the surfaces were compared both within and between
categories to ensure that those in the same age cdivisions
presented similar appearances., Finally, following the
recommendation of Lovejoy et al. (19858), attempts to seriate
the surfaces were made. The observer eventually gave up 1in
despair due to the complexities of such an endeavour. Far too
much subtle variation was present to make seriation pessible
without more procedural information from the authors of the

method (Lovejoy et al., 1988},

4.3.2 DATA ANALYSIS

Precision was addressed via a test for intra-cbserver
arror., Age estimates using the Suchey-Katz method were
conducted twice for 35 males. Only 23 assessments agree: of
the 12 that do not, 9 are within one age category and 3 gdiffer

Ly two or more categories. Thus, the intra-cbserver error i

6]

(€8]

34%. This can be compared to 39% intra-opserver error (1

disagreements out of 33 retests) for the MckKern-Stewart

Results for the Suchey-2rocks method are even pcorer., 07T



the 25 females assessed twice, 14 disagreements cccur between
observation 1 and observation 2, resulting 1in 5£% intra-

observer error. Eight of the disagreements ars within one ag

[t}

category while six differ by twe or more categories. This can

be compared to 52% intra-observer error (13 disagreements out

91

of 25 retests) for the Gilbert-McKern system.
The auricular surface method produced an intra-observer

urfaces were examined twics. Forty-

s}
W

8

[RW]
[05]

error of 19.2%., A11
six disagreements cccur between the two sets of data. Most of

the error (15.2%) is comprised of cases which disagre

{
O
g
Q
3
&

one age category (most of which span 5 years). Thus, onity
4.2% of the disagreements differ by two or mcre age

categories.

The accuracy of each method was assessed through a
variety of apprcaches. The known subsample was employed To
determine the percentage cf accurate age estimates. The

jevels of inaccuracy and bias were computed using the mean of
each age pnhase (as determined for the origina’ raference
population). An age profile of the entire sample was procduced
from the parish register data. This was ccmpared to the
orofiles generated from each of the age estimation technigues.

1t should be noted that there were fifty-five individuais aged

17 and over 1in the known subsample. However, due L

0

differential preservation, each method 1s represented by som

14

(8

fracticn of this total.

Before ca

o
—t
iy
£

culating tnhe accuracy, inaccuracy and
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vaiues, it was necessary to first establish which set of
cbservations to employ when cases examined twice (for the
intraobserver error study) produced different resuits.

Nine documented age-at-death cases, were examined twice

-

ng the Suchey-Katz methnod. Six of these retested cases

C

S

produced estimated age rances which included the actual age

)
-

* both observaticn 1 and observation 2. In two cases, tria

-~
()

2 produced the correct age estimate while trial 1 did not.

ct

Trere was one case 1in which neither trial 1 nor +rial 2
produced correct estimates. Although the data are scant, they
suggest slightly better results for tne second set of
observations.

Nine documented age-at-death cases were examined twice
using the Suchey-Brooks apprcach. Both sets of cbservations

produced estimated age ranges which encompassed the documented

age.

The auricular surface method of age estimation was
emplcoyed twice on twenty cases of known age-at-death, In
seventeen cases the age ranges were identical. In two cases

trial 2 produced a correct age estimate whi‘e trial 1 did not.
In one case trial 1 produced an age estimate one category
yocunger than the actual age and trial 2 produced an estimate
cne category older than the actual age. Once again, althougn

the campie size is small, the data suggest =hat the second set
cf observations are more accurate than the firat.

Given the above results, in all tests of accuracy,



inaccuracy and bias, whenever two ets of disparate

iy

Observations were available for the same specimen, the second

et of data was employed in the calculations. Although the

0w

McKern-Stewart and Gilbert-McKern methods were not tested in
this manner (since they are used for compariscn onlv), the
second set of coservations was also employed for these

metnods, in order to achieve a more accurate comparison to the
Suchey-Katz and Suchey-2rooks technigues.

The accuracy of each system of skeletal age estimation
was calculated by dividing the number cases in which the
estimated age range encompassed the actual documented age by
the total number of cases (of known age) upon which tre

technique was emploved. The results are presented in Tab:

0]

19. Figures 12-14 illustrate the success of the Suchey-Katz
(1986 ), sSuchey-8rcoks (Suchey et al., 192883 and the auricular
surface methods. The rectangles represent the age ranges
associated with each phase while the individual sguares

represent the individual cases. Cases which were estimared

_-—
'
i

o

correctly are indicated -y sguares within the rectangies. e

diamcnds in the graphs of the two pubic symphysis methods
represent the mean age for each phase,.

Lovejoy and colleagues (1985) argue that the correlation

4]

coefficient is nct necessarily the best indicator of the power

of an age estimator. They claim that average error

)

(inaccuracy) and bias are more apprcpriate measures,

"Inaccuracy is the average absolute errcr of zge estimation
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TABLE 19, ACCURACY OF EACH METHOD
OF ESTIMATING AGE-AT-DEATH FROM THE PELVIS

METHOD NO. OF CASES NO. OF CASES % CCRRECT
CORRECT EXAMINED

Suchey-Katz (M) 13 21 T0%

McKern-Stewart (M) 13 17 78%

Suchey-Brooks (F) 10 11 91%

Gilbert-McKern (F) 4 11 38% %

* The last category is not open—-ended. I¥ it were, the

resuits weould be:

[8)]
—ch
"
(@)1
o

Gilbert-McKern (F)

O
N
-~
I
[08]
a8
+

Auricular Surface (M&F) 2
(Correct)

Auricular Surface 26 47 77%
(Correct or within cne

age category of being

correct)

+ The youngest category is 20-24. Cases with zctual acges
younger than 20-24 were counrted correct when assigned tc this

category.
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FIGURE 12. SUCHEY-KATZ PUBIC SYMPHYSIS METHOD
COMPARISCN OF ESTIMATES TO KNOWN AGES
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FIGURE 13. SUCHEY-BROOKS PUBIC SYMPHYSIS METHOD
COMPARISON OF ESTIMATE TO KNOWN AGES
ST. THOMAS CHURCH CEMETERY, BELLEVILLE
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FIGURE 14. AURICULAR SURFAGE METHOD
COMPARISON OF ESTIMATES TO KNOWN AGES
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for each individual, without reference to over- or underaging”
(Lovejoy et al., 1985). It 1s calculated using the formula:
Inaccuracy (years) = I|estimated - actual age| / N
Blas is "the mean over or under prediction” (Lovejoy et al.,

1885) and it is calculazed using the formula:

and bias are to
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he proble:

n

be calculated is that both measurements require that each
individual be represanted by a single age estimation, nrot =a
range. Therefore, the mean age of the category (as

established for the reference population by the authers o

.—-h
¢t
Sy
o

methods) was used to represent the estimated age of ar

individual. The auricular surface method was treated siigntly

differently since the authors (Lovejoy et ai., 1985) did not
provide means (calculated from the original sample) for their
age categeries, For this method, ranges of inaccuyracy and

bias were produced Ly using the youngest age in the catecory,

€.g8. 20, and the oldest age of the category, e.g. 24, The
results are presanted in Tablse 20. Looking at this table, +t

1s evident that <the sample sizes of each age categecry are

extremely small, casting doubt ugor tne validity cf drawing

v

conclusions frem these data. For the most part, greater

importance should be placed upon the normalized values (the

overall bilas and accuracy values for the methed) due to tre
farger sample sizes. However, 1% must b2 noted +that

inaccuracy and bias vary in degree by age range; being nigher



113

TABLE 20. INACCURACY AND BIAS OF METHODS

OF ESTIMATING AGE-AT-DEATH FROM THE SKELETON
Age Suchey- Mckern- Suchey— Gilbert- Auricular
Range Katz Stewart Brooks McKern Surface
17-29
Inaccuracy 2.8 2.0 S.4 2.5 3.4 to 5.7
Bias 2.5 .7 7.3 7.1 1.7 t¢ 5.7
N= 3 3 4 4 13
30-3¢
Inaccuracy 3.8 5.5 11.2 4.0 7.5 to 10.5
Bias -.6 -E.5 -4.,8 4.0 4.5 to 10.5
N= z 3 2 2 6
40-4g
Inaccuracy nN/A N/A N/ A N/A 5.2 tc 1.8
Bias -5.3 to -0.38
N= C 0 0 0 4
5Q+
Inaccuracy 21.5 30.4 11.3 14.8 14 to 15.3x%
Bias -21.2 -30.4 -11.3 -14.86 3.8 tz -0.1
N= 11 11 5 5 24
Normaiized
Qver the age
range
Inaccuracy 158.2 21,0 9.6 10.4 9.4 o 10.8
Bias -12.83 -20.5 -2.8 -2.3 -€.2 toc 2.7
N= 17 17 11 11 47
X An artificial upper age iimt of 90 yvears was crezted for
this category to facilitata calculations.
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in the older age categories. Table 20 indicates that most of
the St. Thomas’ sample is drawn from individuals in these
older age categories. Therefore, one should expect the
normalized values to be high. The purpose of nresenting these
data, in spite of the small sample sizes, was to make this
asscciation clear.

Despite the small sample sizes, the Suchey-Katz and the
McKern-Stewart methods are directly comparable since the data
for both were collected from exactly the same individuals.
Likewise, the Suchey-Brooks and the Gilbert-McKern methods are
comparabie.

In order to provide scme standard of comparison for the
auricular surface method, Table 21 contains the Tlevels of
inaccuracy and bias obtained by Lovejoy and his colleagues
(1985) as well as those achieved in this study. The
implications of these findings are discussed in Chapter 5.

The ages recorded in the St. Thomas’ parish register were

used to generate three age prcfiles: one for males; che for

[je]
(€8]

females:; and one with the sexes combined. Figures 15-
compare the documented and the estimated profiles. The pubic
symphysis methocds are each representead by two age
distributions. The first assigns the mean age of the
estimated category to the individual cases which fall 1into
that phase (for phases, means and standard deviaticns of each
method ses Appendix 3). For examplie, using the Suchey-Katz

(1986) technigue, all males estimated to be in phase I1II were
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FIGURE 15. COMPARISON OF DOCUMENTED,,
AURICULAR SURFACE AND SUCHEY (SEXES COMBINED)

AGE PROFILES
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FIGURE 16. COMPARISON OF DOCUMENTED AND SUCHEY-KATZ
ESTIMATED AGE PROFILES FOR MALES IN THE ST. THOMAS SAMPLE
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FIGURE 17. COMPARISON OF DOCUMENTED AND SUCHEY-KATZ
(JACKES DISTRIBUTION) ESTIMATED AGE PROFILES FOR MALES
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FIGURE 18. COMPARISON OF DOCUMENTED AND MCKERN-8T

ESTIMATED AGE PROFILES FOR MALES
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FIGURE 19. COMPARISON OF DOCUMENTED AND MCKERN-STEWART
(JACKES DISTRIBUTION) ESTIMATED AGE PROFILES FOR MALES
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FIGURE 20. COMPARISON OF DOCUMENTED AND SUCHEY-BROOKS
ESTIMATED AGE PROFILES FOR FEMALES
IN THE 8T. THOMAS' CEMETERY SAMPLE
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FIGURE 21. COMPARISON OF DOCUMENTED AND SUCHEY-BROOKS
(JACKES DISTRIBUTION) ESTIMATED AGE PROFILES FOR FEMALES
IN THE ST. THOMAS' CEMETERY SAMPLE
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FIGURE 22. COMPARISON OF DOCUMENTED AND GILBERT-MCKERN
ESTIMATED AGE PROFILES FOR FEMALES
IN THE 87. THOMAS CEMETERY SAMPLE
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FIGURE 23. COMPARISON OF DOCUMENTED AND GILBERT-MCKERN
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assigned the age of 28.7 (the mean age for phase III). As a
result, all phase III pubes fit into the 20-29 year siot of
the age profile for the sample. Jackes (1%85) argues that
this appreocach can result in uneven distributions across all
pcssible ages, since the means of the phases are not
necessarily evenly dispersed. The McKarn-Stewart (1337)

method, for example, has eight phase means that fall into the

17-29 vear siot.

N

As an alternative method cf distribution, Jackes (1885)

€

recommends casting all the cases within a phase over its 95%

range (2 standard deviations) by assuming that the ages are
normally cdistributed and calculating the propabkility of
obtaining each age within the range (see Jackes [1885] for
methodology). Figures 17, 18, 21 and 23 1illustrate the
results of distributing the age data according to the Jackes
(1985) methodology (indicated by the name Jackes). In addsi-
ticn, the Suchey-Katz and Suchey-Brooks results (with Jackes
distribution) were combined 1in order tc produce a pubic
symphyseal age profile comparable to that of the auricular
surface and the documented sample (Figure 15). The distribu-

tions for the McKern-3tewart and the Gilcert-MckKern systems

73]

were generated from the probabilities provided by Jacke
(1985) while the probabilities for the Suchey methods weare
procduced following Bennett (1979: 482), employing the tabie of
arsas under the normal curve (1ibid: 498).

Since the purpose of creating an age profile for a sample
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is to identify patterns of mortality, it was not necessary to
conduct statistical analyses on the estimated versus the
actual distributions because, 1in this case, the visual

representations are more expressive than the statistics.



CHAPTER_ FIVE
5.0 DISCUSSION

5.1 SeEX DETERMINATION
Precision 1is a measure of an observer’s ability to

refiection of the

)]

reproduce her/his results and 1is both
researcher’s capabilities as well as a commentary on the
nature of the criteria being examined. Low precision
(intraobserver error greater than 10%) indicates that &
feature cannct be assessed reliably. Wnether 1t be the
researcher or the criteria which is/are at fault, the ocutcocme
is the same - an observer might correctly assess the sexes

of a group of skeietons, but when reqguired tc repeat those

results, hnas a greater than 1 in 10 chance of makin

[¢9]

an
incorrect assignment. Unfortunately, in a practical situation,
the researcher never knows whether that 7 in 10 error has besen
made. Consequentiy, features which exhioit high levels of
intracbserver error {(1ow precision) shculd simply be excludad
from the analysis.

The overall degree of intracbkserver error Tor both the
pelvic (11.3%) and the cranial (12.2%) trait
slightly higrher than the acceptable level of 10%, suggesting

that at ieast some of the features empioved in this aralysis

-
|

—

are difficuit to a s, An examinaticn of 1intracbserver

1]

se

7))

129
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error by %“railt identified four probiematic pelvic criteria;
acetabulum size and shape (11.2%), auricular surface hesignt
(11.3%), pre-auricular sulcus (11.23%) and ischiopubic ramus
shape (11.3%), and two problematic cranial criteria; nasal
aperture size and shape (10.3%) and orbital size and shaps
(12.2%). When considered individually, the amount by wnich
these difficuit features exceed ithe acceptabie level s
minimal. However, the combired impact of these criteria ccuid
significantly affect the cutccme of a skeletal sex analysis,
especially if the materizal were fragmentary ancd the
oroblematic features were among the few traits stiil
observable. it is therefore recommendec that all criteria
exceeding the 10% critical level of intrazobserver error bDe
excluded froem the analysis.

An interobserver error test couid not be conducted
independent of the analysis so it remains unclear whether the
difficulties associated with these six features arcse due to
some idicsyncrasy of this researcher cor if they are prob
inherent to the features themselves. While most oFf tne
criteria examined 1in this study were supjective, scme were
more subliective than cthers. Gauging acetabulum size Lvy
visual estimation, Tor example, 1is preferable tc physicai
measurement in that it is guicker., However, che suszects that
facility comes at the expense of precision. The same may bs

apertcure and orbital sizes. Simitariy, the

ot

said Tor nasa

pre-auricular sulcus presents itself as varying cegrees of



resorption (Tague, 19882), the interpretation of which is not
always a simple procedure. Some overlap between the male anc
femaie forms of the 1ischicpubic ramus does occur and the
results of other investigators (Phenice, 1863; Sutheriand and

Suchey, 1287) suggests that this particular trait 1s

unreliacle. On the cther hand, determining auricular surface

~d

height, as describec by Bass (1987), sesems a straijchtforward

()]

encugh procedure so that perhaps the researcher was at fauit.

It i1s recommended that an 1ntracobserver error study be
undertaken by aill researcners in order to identify prcblematic
criteria. The features may then be employed in the trait Tist
at the discretion of the investigator. If others discover a
precision problem with the six criteria identified by the
author, the argument Tor abandoning these features 1is
strengthened. Alterrnatively, 1if noc criteria, or other
criteria, are identified as problematic, a deficiesncy on the
part of the observer 1s suggested and further practice 1is
advised.

Accuracy 1s a measure cof tne numkber of corract
assessments, usually presented in terms of percentage. The
simple morphological method of estimating sex empicyed in this
study produced an accuracy of $5.9% for the pelvic criteria.
As a technique for group analysis, it produced a sex ratio
statistically indistinguishable from the documented ratic in

the parish registers. The craniajl resdults were Jes

1)

spectacuiar,



iaz

Hrdlicka (Stewart, 1852) predicted that experiencsd

investigators would be able to correctly identify sex, using
onily the skull and mandible, 1in 80% of the cases examineaq.
Stewart (1979) assessed one hundred crania from the Terry

skeletal collection and was adie to correctiy assian sex for

77% of the 1individuais. More recently, Krogman and Iscan
{18863 stated optimistically that 92% accuracy could be

achieved. The present investigation produced results similiar
to those o¢f Hrdlicka; 89.1% accuracy was cbtained. As =z

method of group analysis, tre cranial trait list prcduced a
sex ratio that was statistically indistinguishable from the
documented ratio as determined from the parish burial records.

A comparison of the hypothetical pelvic trait 1ist (Tacle

4} and the peivic trait ranking which resulted from this

)

analysis (Table 9), 1indicates that 67% of the c¢riteria
precictec tc rank within the top 10, did so. Expressed
slignhtiy differently, the mean difference in ranking
(caiculated as I|estimatad - actual! rank| /N) was 5.6 places.
These discrecancies can be <translated 1into cbservations

concerning the predictions, generated from a compilatiorn of
data frocm otner researchers, and tne hypotheses that wera
posited in Chapter 3.

It was discovered that, contrary to St. Hoyme {(1934) but
in keeping with St. Hoyme and Iscan (1888), the anterioc
features of the pelvis were more useful in correctly assigning

sex than were the posterior features (3/4 anterior features
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are in the top 5). The criteria for acceptance of this
nypothesis were met. The mean accuracy for the anterior
features was 10% higher than the posterior traits (36% versus
cnly 76%) and the intraobserver error was 5% Jess (2% versus
7%) for the anterior traits.

In contrast tc Tague (19288), the pre-auricular sulcus

scered very high ¢cn accuracy

0

1.6%), but due to low precision
(11.3% intraobserver error) it placed 10th overall. This was
one of the higher rankings for features of the gosterior
pelvis. Tague’'s (1288) assessment of the inaccuracy of dersal
pitting was upheld in this study (35.7% correct), although the
precision of this feature was excellent (0% intracbserver

error). This suggests that while it may be easy 1o asses

o

)
dorsal pitting is net a particularly useful sex criterion.
St. Hovyme (1984) appears to have been correct about the
importance of the sacrum 1in skeietal sex determination.
Coleman’s (19868) assertion that there is no difference in the
growth of the male and female sacrum is aquestiocnable 1n 1ight
of its capacity to reflect sex. However, Ccleman’s (13959)
ciaim that features dependent upon two functional divisions

(the false and true pelvis) are Tess sexuaily dimorphizc tnan

these dependent upon only cne was borne out. Both the sciatic

t

notch (85.7%) and the pelivic inlet (80%) exnibited re

C

meciccre levelis of accuracy and poor pracision (6.5% and 5.7%
intractcserver error, respectively),

Although Coieman (1989) noted no evidence of significant
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sexual differentiaticon in growth of the acetabuium, this
feature can be extremely accurate (91.7%) but it 1s d:fficult
toc assess (11.2% intraobserver error). This suggests that if
a researcher chooses to include acetabulum size in her/nhis
anaiysis, the data should be evaluated metricailiy. Thz fTime
saved through a morphological assessment of this fezture
cannot ccmpensate for tne low precision which resu

2t. Hoyme (1284) indicated tnat the obturator foramen was
of Tlittle value as a sex 1indicator, yet 1in this study 1t
ranked 2nd overall (Table 9. In centrast, muscle markings

o~

croved to te ineffectual (56.8% accuracy), although they were

)

observed consistentiy (0% intraobserver error;. nis suggests

£

that they may contribute to a general impression of the true
sex but, on their own, they produce results only siightly
better than what might be expected from chance alone.

This investigation reproduced the original rankings of
the Phenice criteria (Phenice, 1869). When precision and
accuracy are combined, the ventral arc ranks first {accuracy
86.9%, intraobserver error 0%): subpubic concavity is second
with an overall rank of 5 (accuracy 83.8%, intracbserver error
3.2%); and the ischiopubic ramus is third with an overall rank
of 18 (accuracy 80%, intraobserver error 11.3%). This study
differs from Phenice (125¢) with regard tc the accuracy tnat

eatures. Fhenice

-t

may be achieved by combining the three
(12¢69) ciaimed 96% accuracy for the combined criteria, whereas

this analysis managed to achieve only 88% accuracy. This 18

J
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THE RESULTS OF THIS STUDY COMPARED TO THOSE OF

PHENICE (1969), KELLEY (1978), SUTHERLAND AND SUCHEY (1887),
LOVELL (1989) AND MCLAUGHLIN AND BRUCE (1990)

STUDY

s
A0

Pnenice

kKelley

Sutherland and Suchey

Lovell

Bruce and McLaughlin

English sample

Dutch sample

Scottish sampie

Mean accuracy

his study

ACCURACY OF PHENICE
METHOD

Correct

0

Q
5%

25%

*Key To abbreviations
VA = ventral arc

SFC= subpubic concavity
IR = 1ischiopubic ramus

ACCURACY OF INDIVIDUAL
CRITERIAX

VA sPC IR
sex - 70%
65% 87% 61%
55% 72% 59%
45% 75% 56%
55% 78% 59%
87% 34% 50%
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still higher than the average results reported by Lovell
(19889), 83% accuracy (using 50 hip bones}, and by McLaughlin
and Bruce {(1890), 70% accuracy (using 273 skeletons).

The results of the individual criteria vary in comparison
to those of other researchers (Table 22). While Sutherland

and Suchey (1987) had excellent results with the ventral arc

o

C\,

et

(96% wusing 1284 specimens), McLaughlin ana Bruce (19

repcorted an average of only 55.1% success on the three samples

they examined. In this analysis the level] of accuracy fel}
between the values for the other studies (86.9%). MclLaughlin
and Bruce (1990) found the subpubic concavity to be the most
useful single criterion, with an average accuracy of 78.2%
(compare those resulis to 83.3% accuracy obtained in this
study). Both Sutherland and Suchey (1987) and MclLaughliin and
Bruce (1290) had less success with the ischiopubic ramus, 70%
and 61% accuracy, respectively, compared to this analysis, 80%
accuracy. In contrast to Lovell (1982), in which the ventrai
arc was perceived by many participants to be most difficuit to
assess, this 1Jnvestigation found that the shape cf the
ischiopubic ramus is the most unreliable ‘ndicator
(intracbserver error 11.2%) and, in fact, it is recommended
that this feature be dropped from the pelvic trait Tist due ©o
its low precision. The highest jevel of accuracy achieved 1in
this study, for the Phenice criteria, was the result of

ccmbining the observations of the ventral arc and subpubic

concavity; 92% accuracy was obtained.
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McLauglin and Bruce (1990) suggested that the Tower
levels of correct sex identification found in their study,
compared to those of Lovell (1989), Phenice (1969) and
Sutherland and Suchey (1987), may have been due to population
differences, theirs being a European rather than a North
American sample. The St. Thomas’ material is interesting in
this sense since it is a 19th century North American cemetery
sample that it is comprised largely of individuals who were
recent British and 1Irish emigrants. One of the samples
employed by MclLaughlin and Bruce (1990) derived from a t7th-
18th century English cemetery. 1In the case of the ventral arc
and the ischiopubic ramus, the accuracy obtained in this study
was superior to those of the English sample (86.9% compared to
64.9% and 80% compared to 61%, respectively). In contrast,
the subpubic concavity fared slightly better in the English
(87.1%) than in the St. Thomas’ sample (83.3%). The St.
Thomas’ results are closer to those of Sutherland and Suchey’s
(1987) modern North American sample than to the historic
English sample of McLaughlin and Bruce (19890), despite the
fact that the St. Thomas’ sample was comprised targely of
English and Irish emigrants (Table 22).

A compariscn of the hypothetical cranial trait list and
the rankings resulting from this study (Table 18) indicates
that the mean difference in ranking between the estimated and
actual ranking was 6.4 places. Again, these discrepancies can

be translated into observations about the hypotheses generated
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from a review of the cranial growth literature and presented
in Chapter 2.

Neither the facial riteria nor the features of the
calvarium were more useful than the other in determining sex
from the skull. Of the top five criteria, three were from the
face (60%) while two were from the calvarium (40%). It was
suggested that due to the greater degree of relative growth of
the face as ccmpared to the calvarium, the sexually dimorphic
features of the face would be more marked and therefore easier
to assess,

This hypothesis proved to be incorrect since the criteria
necessary for its acceptance were not met. Although the mean
accuracy of the facial features was 10% greater than the
features of the calvarium (49% versus 35%) the 1level of
intraobserver error was not 5% lower for the facial traits (5%
versus 2%). Perhaps the interaction of all of the growth
patterns of the facial bones obscures the sexually dimorphic
patterns of growth, thereby reducing the effectiveness of the
facial criteria as sex indicators.

Although supraorbital ridges, frontal eminences and
forenead shape are dependent upon the same growth process for
their final form, the supraorbital torus was easier to assess
(precision was lower) and it produced better resuits (60.9%
accuracy compared to 44.5% and 31.9%).

The cranial ranking generated by this study (Tabie 18)

may aiso be compared tc the rankings produced by other
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physical anthropologists (Table 13). Table 18 was most
similar to Hrdlicka’s ranking (Stewart, 1952), exhibiting a
mean difference of 2.4 places. He empioyed nine criteria that
were directly comparable to those used in this stucy, 78% of
which ranked within the top nine 1in this investigation. Thne
differences involivea features relating to the mouth. While
Hrdiicka recommends alveoiar arch and teeth size and palate
shape and size, this study found these features performed
rather poorily.

The krogman and lscan (1986) and the St. Thomas'’ rankings
exhibit a mean difference of 3.25 places. Of the eight
criteria employed by krogman and lscan, 75% tested in the top
eight of this study. They recommend both orbit and palate
shape and size while this analysis ranks the same features
17th and 14th, respectively.

Stewart (1979) employed only six criteria ccmparablie to
those used in this investigation. The mean difference between
rankings was 2.7 places and 83% of his criteria tested in the
top six of this study, the only disagreement being the value
cf the orbital borders: Stewart ranks it mest useful while
this author found it least usefuj.

Meindl et al. (1985) also employed six criteria
comparable te those in this analysis. Their mean difference
was 4.5 places and only 50% of their criteria tested in the
top six of this study. Finally, El-Najjar and McWiliiams

(1979) employed only three criteria. The mean difference
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between their rankings and Table 18 was 6.3 places and only
33% of their criteria tested in the top three of this study.

By employing a trait list similar to that of Hrdlicka
(Stewart, 1952), it was possible to virtually reprcduce his
degree of accuracy (90% versus 88.1%) and to approximate his
ranking of criteria by usefulness. Although he does not
expiicitly state upon which popuiation his ranking is based

and his criteria most successfully employed, Hrdlicka coe

03]

make reference to a variety of groups from "African and

—

American Negroes' to "Whites" (Stewart, 982: 129) to
"Eskimos"” and "northern Indian tribes"” (ibid: 130), suggesting
that the <cranial criteria which he employed were not
ropulation specific. The fact that these traits were
successfully and reliably applied toc the St. Themas'’ sampie
indicates that they are nct sample specific and suggests that
they may be effective on other populations.

Despite the fact that some pelvic and cranial features
tecome more distinctive with age, e.g. the ventral arc

(Sutheriand and Suchey, 1987), while ozhers lose their

Characteristic appearances with age, e.g. dorsal pitting

(Kelley, 1373), the only statistically significant age-reijatec
effects on accuracy occcurred for posterior view of the sacrum,
zygomatic rcot extension and occipital muscie markings, alil of
which exhibited increasecd accuracy with age. Analysis of tne
compiete pelvic and cranial trait lists similtarly produced no

significant fluctuation in accuracy due to age.
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Meindl et atl. (1885) claim that the success rate of
assessing male skulls is lower for younger individuals,
whereas with female skulls it decreases for older individuals.
Unfortunately, due to already small sample sizes that resulted
from dividing the known subsample into three age categories
(n=€6 to 26), it was felt that further division of the groups
by sex would onty produce invalid conclusions. Thus the maies
and females were evaluated tcgether and no overal] aga~-related

differences in accuracy were discovered. This couild mean that

no differences exist, but it could also indicate that the maie
differences (reduced accuracy in younger individua]s) were
cancelled by the female differences (reduced accuracy in olider
individuais).

When the 55 assignments of sex (including retests) made
from the skull were compared to the parish burial records, 1t
was discovered that seéven were incorrect. Three were cases of
femaies thought to be males, while four were males thought to
be femaie. The three cases of female mistaken identity wer
frem two individuals: one was assessed twice, bcth times
incorrectly. Burial 309 was a 60 vear old woman. Burial 484,
examined twice, was 48 years. Although the number of errors
are small, the mistakes would seem to conform to Meindl et
al.’s observation that, "greater age produces an increasingly
male morphoiogy” (Meindl et al., 1985). It should be noted,
however, that there were seven other women in this sample over

the age of 60 and all were assessed correctly,



The four cases of male mistaken identity were also
concentrated in the older age categories. Burial 339 was E5;
burial 397 was 75 and burial 429 was 43 years. Only burizal
472, aged 20 years, conformed to Meindl et al.’s (1885)
suggestion that younger males might be mistaken for femaies
more freguently than were older males. The evidence 1is
incoenclusive.

Using the pelvis, 72 assignments of sex, including
retests, were verified through the parish burial records. Of
these 72 estimations, only two were incorrect. Burial 351A
was a young female aged 22 years and three months. This
individual was assessed twice. The initial results indicated
that the specimen was female, the retest suggested male. The
second case, burial 464, was extremely fragmentary. It was &
woman, aged 46 years, who was incorrectly assigned as male.
Although there were only two errors, the bias is toward males,
as was predicted.

Tests of alternate methods of grouping the criteria
revealed that no single pelvic feature nroducad better results
than those generated by the complete trait list (95.9%). The
most accurate single indicator was sacrum shape (94.1%). On
the other hand, three combinations of pelvic criteria produced
higher levels cof accuracy than the trait 1list as a whole:
cbturator fcramen shape anc presence of the ventral arc (93%);
obturator foramen shape and true pelvis (938%); pubis shape and

acetabulum shape and size (96%). Since acetabulum shape and
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size exhibited low precision, the first two combinations are
considered more reliable. While combinations of three traits
could equal and even slightly surpass the accuracy of the
complete trait 1list, none could produce results superior to
the obturator foramen/ventral arc and obturator foramen/true
pelvis combinations. This is not entirely surprising since
the first three criteria, ranked by a combination of highest
accuracy and greatest precision, are: ventral arc; obturator
foramen; and true peivis (Table 9.). Combining these three
features does not increase accuracy above that obtained by the
two combinations involving the obturator foramen. The ventrai
arc/true pelvis combination (95% accuracy), while an increase
over the individual accuracies (86.9% and 85.8%, respectively)
is not as useful as the combinations involving the obturator
foramen. This suggests that true pelivis and the ventral arc
are contributing similar information to the equation.

when this analysis is compared to Sutherland and Suchey
(1987) and MclLaughlin and Bruce (1990), it becomes evident
that there is a certain degree of variability in the levels of
accuracy that may be achieved by different researchers
employing the same criteria on different populations.
Therefore, despite the fact that this investigation discovered
that the greatest accuracy for the pelvis was achieved by
combining the results of cnly two criteria, the author dces
not advise focusing solely on these features when assessing

sex. At the other extreme, the complete pelvic trait Tist
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produced an accuracy of 95.9% and had an unacceptably high
level of intraobserver error (11.3%). Thus, it would appear
that the best results, and likely the most widely applicable
results, could be obtained by employing some subset of the
total pelvic criteria. A review of the individual levels of
accuracy (Table 7) 1indicates that some Teatures produce
results only slightly better than those expected by chance
and, as indicated previously, cother traits have low precision
(Table 5) such that they should be excluded from the analysis.
Table 9 ranks the peivic criteria according to both high
accuracy and precision. The first six traits (ventral arc,
obturateor foramen, true pelvis, sacrum shape, subpubic
concavity and pubis shape) all have intraobserver error levels
below 5% and are capable of successfully assigning sex in over
23% of the cases examined. Thus, these features are most
highly recommended for use 1n cetermining sex from the bony

pelvis. In cases of indecision, the results of this study

-

indicate that emphasis should be placed upon the results o
the obturator foramen/ventral arc and obturator foramen/true
pelvis combinations.

No single cranial feature exhibited greater accuracy than
the complete cranial trait list (89.1%). The best indivicual
indicator was nasal aperture (76.6%), which had to be excludec
from the analysis due to its poor precision. Similariy, none

of the combinaticns of two cranial traits were capable of

generating a higher level of accuracy than the compiete trait
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list. Only one combination of three criteria, zygomatic root
extension/malar size and shape/nasal aperture size and shape,
improved upon the accuracy of the original method. Since this
combination employs one criterion which exceeds the acceptable
level of intraobserver error, and only increases accuracy by
1.9%, the author doces not advise the use of this combination
1n preference to the complete trait list. Unfertunately,
however, the complete Tist has an unacceptabiy high level of
intraobserver error (12.2%). An examination of the individua’
levels of precision (Table 14) and accuracy (Table 16) make it
possible to identify features with 1low precision, high
inaccuracy (greater than 30% error) and high percentages of
"indeterminate” ratings (70% or more): all of which centribute
very little in the way of constructive information. Instead,
the ambiguity of these features serves to increase the chance
of error. It is therefore recommended that researchers focus
their efforts on the first eight criteria in Table 18
(supraorbital ridges, mastoid size, malar size and sharpe,
occipital markings, chin form, general size, zygomatic root
extension and mandible shape). Not only did these features
perform successfully in this study, but they are also among
the traits most commonly recommended by other physical
anthropologists (see Table 13).

The foregoing discussion indicates, not surprisingly,
tnat the preferred area for skeletal sex estimation is the

pelvis. It 1is capable of producing more accurate anc precise



results than can be achieved by examination of the skuil.
Even in cases where both sets of information are avaiiabie,
the cranial assessment serves only to re-enforce that made
from the pelvis. In this analysis, whenever discrepancies

occurred between peivic and cranial sex determination, it was

inevitably the cranial assessment that was at fault (n=4),.

5.2 AGE ESTIMATION
Precision tests of the Suchey-Katz (1988) and Suchey-
Brooks (Suchey et ai., 1988) methods of estimating age-at-

death from the pubic symphyseal face, resulted in dismally

nigh leveis cf intraobserver error (34% and 56%,
respectively). When technigues exhibit such pcor precision,

a serious flaw in either the method itself or the application
of the method is indicated. The fact that the McKern-~Stewart
(1957) and Gilbert-McKern {1973) systems were as unreliabie

(392

32

and 52%, respectivelyj as the Suchey methods, suggests

hat 1t is not necessarily the specific technigue that is at

ct
o

fault, but rather, that there are problems inherent to this
entire approach to skeieta’ age estimation. Converseiy, this
inability to reproduce results may be the Tault of this
cbserver or may be the result of a combination of both
factors.

During the analysis, scme difficulties associated with

the Suchey methods were identified by the authocr. In the male
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method, phases III and IV are typicaliy differentiated by the
completion of the oval out]ine surrounding the face of phase
IV pubes. 1In addition, phase IV pubes may have a distinct rim
and bony growths on the inferior half of the symphysis may
occur (Suchey et al., 1988). Examination of the casts used to
illustrate the six phases (produced by Diane France), revezls
that phase III stage 2 pudbes aprear to be very similar to

. ~

pubes, the difference being degres of

—_

phase 1V stace
compietion of the ventral rim. A review of the cases used in
the 1intraobserver error test for the St. Thomas’ sampie
indicates that phase III pubes were estimated consistently on
tLwo occasions, phase IV pubes were estimated consistently on
fourteen cccasions and in five cases the estimation changed
from one phase to the other. These results illustrate the
difficulty of reliably assessing phase III stage 2 and phase
IV stage 1 pubes and partially explain the high Tleve! of
intracbserver error.

An additional preoblem identified for both Suchey methods,
was the difficulty in differentiating between phases III (2)
or IV (1) and VI. Specificaily, there was some guestion as to
whether the ventral rim was 1in the process of forming or
breaking down. This problem may be experience related. An
examination of the data generated during the intraobserver
error study reveals tnat the incorrect assessment was more
frequently made during the first set of observations than 1in

the second (4 to 2), although the sample size is far tco sma:i]
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to statistically support this conclusion. On the other hand,
Suchey (1973) discovered that researchers using the Gilbert-
McKern (1973) technique also had problems determining whether
the ventral rampart was in the process of being built up or
broken down. Perhaps greater eiaboraticn concerning the means
by which one distinguishes between the ftwo situations 1is
reguired.

If the intracbserver error resulting from the two types
of problems outiined above is eliminated, the Suchev-Katz
(1986) method is reduced to 11.4% intraobserver error. On the
other hand, even when these two main sources of intraobserver
error are removed from the Suchey-Brooks (Suchey et al., 19388)
method, intraobserver error is stil] unacceptably high at 24%.
Although nardiy concliusive, these results suggest that the
Suchey-Katz method of estimating age-at-death for the majes is
more reliable than the Suchey~Brooks method for females.

The 1level of intraobserver error for the auricular
surface method (19.3%) was much more reasonable than the
levels obtained for the pubis methods, although it was stiil
unacceptably high. Most of the error (15.2%) was comprised of

ca

n

e

oy

that disagreed by ocre category, suggesting that minor
refinements, rather than complete reversals of decisions, were
taking place. Since most of the auricular surface age
categories span only five years, a change 1in one category
results in only a Tew years difference. In contrast, the

Suchey-Katz and Suchey-2rocoks age ranges ars so extensive that
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a change of one category cculd mean an increase anywhere from
9-10 (Suchey-Katz) or 4=-17 (Suchey-Brooks) vears,

It is argued, therefcre, that the auricular surface
method can produce reliable results and, 1in this respect, is
supericr £o the pubic sYmpnysis approaches. This is somewhat
sSurprising given the greater difficulty in applying the
auricular surface technique as compared to the pubic symphvysis

examined 1in

n

metheds. Many of the individual characteristic

i

the auricular surface system are difficult to assess, grain
and denrsity being the most proclematic. In addition, the
format of this technigque 1is more complex and requires a
slightly different approach than is usual in 2ge estimation
methcds. The emphasis is On cdescriptions; there are no casts;
and the pictures and photographs represent, not the rance of
variability, but rather the modal appearance for each age
category. Clearly, however, the reliability of the auricular
surface method makes the complexities involved in applying it
wOorth mastering.

Superficially, the Suchey-Brooks method acpears to
provide the pest age-at-death estimates. Accuracy (Table 19)
was 81% and the normalized inaccuracy and bias values (Table
20) were also comparatively successful: one of the Tlowest
levels of inaccuracy (9.6 years) 1in addition to the Towest
degree of bias (-2.9 years). However, Figure 13 illustrates
exactly why this technigue 1is successful, The age ranges

emplioyed 1in the Suchey-Brooks system are so expansive that
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only the very young and the very old categories are mutualiy
exclusive, In some cases, up to four age ranges can
accommodate the same individual. It might work, but on 1its
own, the system provicdes the researcher with very Jittle
practical information beyond the fact that the individual is
younger or older.

In contrast, the Gilbert-Mckern method produced an

[<¢}
¢t

accuracy of 45% (Table 18) but fared onlv slightly worse than

Suchey-Brooks in both inaccuracy (10.4 years) and bias (-3.3
years). The Gilbert-McKern approach is better in the younger
age categories while the Suchey~-Brooks method produced
slightly better results in the oldest age category. In both
systems there is a tendency to underage individuals over fifoy
years.

The Gilbert-McKern system has the practical acvantage of
smaller age categories, which may be of little conseguence to
paleodemographers, but which 1is invaluable for forensic
purposes. On the other hand, the Suchev-Brooks method,
distributed in the manner suggested by Jackes (hereafter S-3-
J), produces the age profile most similar to the one developed
from the parisn register (Figure 21), The cne drawback is
its proclivity for placing some of the individuals over sixty
years of age into the 40-49 year category. This tendency
could result in major difficulties for researchers attempting
to produce 1ife tables, since many life table calculations

depend upon the number of individuals 1in the oldest age



151
category. This problem might be corrected if a more detailed
description of the means by which one differentiates between
ventral rim construction and destruction could be inciuded in
the methodology. None of the other female techniques
(Suchey-B8rooks, Gilbert-McKern and Gilbert-Mckern modified
following Jackes [G-M-J]) managed to even apprcximate the
actual zge profile (Figures 20-23). This suggests that the
Suchey-Broocks and Gilbert-McKern methods may be adequates in
individual cases, however, 1in the construction of an age
profile, the inherent biases of these systems become magnified
to such a degree that they distort the distribution and render
it useless, Thus, the Giibert-McKern method appears to be
better in individual cases, while the S-B-J approach provides
a more accurate picture of the sample’s age distributicn.

The auricular surface technique proved to be the sacond
most exact method of estimating age-at-death, exhibiting an
accuracy (within cne age category of the actual age) of 77%.
Figure 14 and Table 20 illustrate the tendency of this system
to slightly overage ycunger 1ndividuais while underaging older
individuals. This cattern of under- anc overaging was also
identified by Murray and Murray (1281). They noted that
somewhere between ages 30 and 40, a crossover point occurred.
Table 20 places this crossover at about 40 vears.,

Experience with the method does not appear to have plaved
a rcle in the incorrect age assessments since the

misclassified individuals were analyzed at various times
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throughout the entire period of this aspect of the study (June
28 to July 12, 1950).

The normalized inaccuracy and bias values (9.4-10.8 years
and -6.3 to 2.7 vyears, respectively) indicate that the
auricular surface technique is comparable to the Suchey-Brooks
and Gilbert-McKern methods but is much more successful than
either the Suchey-Katz or McKern-Stewart methods. Table 21
compares  the levels of inaccuracy and bias in this
investigation to those obtained by Lovejoy and colleagues
(1985). while the inaccuracy values are comparable (in all
ranges except 60+), the degrees of bias are not. Not only is
bias generally higher 1in this analysis, but the patterns of
bias also differ. Both studies indicate slight overaging in
the younger age categories and both indicate slight underaging
in the 40-49 vyear range. Whereas this investigation fcund
underaging a problem in all older categories, Lovejoy et al.
(1985) found no bias or only slight overaging in the same
categories,

The fact that the patterns of bias identified herein are
identical to those of Murray and Murray (1991) and both differ
from the original study, suggests that cother, ncnage-reiatec
factors may be affecting the results. Murray and Murray (1991)
verified that the auricular surface technique was equally
applicable to all individuals without adjustments for
populaticn or sex. Until it 1is confirmed that the 500

individuals from the Hammon-Todd collection used by Lovejoy et
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al. (1985 to deveion their methodology, had documented ages
rather than anatomically estimated ages associated with them,
the possibility remains that the pattern of bias discovered by
Murray and Murray (1881), confirmed here, was built into the
methodclogy as a result of these estimates. IT this
hypothesis is correct, other researchers wil] continually and
inevitacly discover a similar problem with their attempts *o
employ the auricular surface technique.

While this method may be useful in some individual cases,
Figure 15 indicates that age profiles created from auricuiar
surface age estimates will produce inaccurate patterns of
mortality. When the results of the Suchey methods (using the
Jackes distributions) are combined, the age profile that 1is
Created is closer to the actual profile than is the auricuiar
surface method distribution. of course, all of the preplems
associated with the individual Suchey sex-specific age
profiles are present in the combined age distribution,

The Jeast accurate system of age estimation was the
Suchey-kKatz technigue (70% accuracy). The McKern-Stewart
method fared slightly better exhibiting an accuracy of 78%
(Table 13). Examinaticn of the inaccuracy and bias levels
(Table 20) indicate that the two technigques are equally
effective in the youhger age categories but that the Suchey-
Katz method produces somewhat better results for individuals
over 50 years. Both systems tend to underage. The slightiy

higher ccuracy of tne Mckern-Stewart method, despite its
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poorer inaccuracy value, can probably be explained by the
difference in the samples used in calculating accuracy. Fouyr
cases aged by the Suchey-Katz technique could not be assessed
using the McKern-Stewart method due to the incompleteness of
the specimen. 1t s Tikely that the potential for error is
increased when analyzing fragmentary remains, thus the nNigher
accuracy achieved for the McKern-Stewart method is explained.

The Mck rn-Stewart system has the advantage of smaller
age categories which would make it more useful in individual
cases, except for the fact that jts oldest range 1is only 36+,
making it useless for older individuals., Neither the Suchey~
Katz nor the McKern-Stewart methods produced a particulariy
accurate age profile (Figures 16 and 18), Both profiles
generated from the McKern-Stewart technique (with ang without

Jackes distribution) were absolutely and completely

(with Jackes distribution) profile was elevated percentages of
death in the 17-29 and 30-39 year categories at the expense of
those in the 60+ division. This inadequacy can be linked to
the problem of differentiating between phases III (2) or 1V
(1) and vI, discussed pPreviously. If this problem could be
eradicated, the S-K-J method would be capable of Senerating an
accurate age profile for the sampie.

Thus, it would appear that the McKern-Stewart methed
provides a more useful estimate of age for younger individuals

but the Suchey-Katz System is better for older individuals and
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if the age profile for the males 1in the sample 1is to be

constructed, the S—K-J method should be employed.



CHAPTER SIX
6.0 SUMMARY AND CONCLUSIONS

6.1 SUMMARY

The precision andg accuracy of the pelvic and cranizal
morphological metheds of skeletal sex determination and three
systems of pelvic age estimation were tested cn a sample of
approximately 278 individuals from the 19th century St.
Thomas’ Anglican Church Cemetery 1in Belleville, OCntario.
Documentation 1in the form of parish burial, marriage and
baptismal records exists for the entire Cemetery but only 55
individuals over 17 years of age are personaily identified.

Seventeen traits of the bony pelvis were examined
individually and Jointly in order to establish which
combination of pelvic features produces the most precise and
accurate determinations of skeletal sex. The Phenice (1953)
criteria were given special attention, both individually and
as an entire system, due to the recent controversy Surrounding
the rate of their success. The method which empioys ailj]
seventeen traits to determine sex was examined in order to
establish whether it exhibits a propensity to misclassify cne
Seéx more frequently than the other. A similar approach was
taken for seventeen Cranial traits.

The accuracy, 1inaccuracy and bias of the Suchey-Katz
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(19386, Suchey-Brooks (Suchey et al., 1988) ang auricular
surface (Lovejoy et al., 1985) systems of estimating age-at-
death from the human skeleton were calculated and compared to
the older methods of McKern and Stewart (1956) and Gilbert and
McKern (1¢72). Age profiles produced from the parish records
were used as a standard of comparison for the profiles
generated by each of the age estimation systems examined here,
The Jackes (1585) method of pubic age distribution was applied
to each of the pubic sympnysis age estimation techniques and
the resulting age profijes were also compared to the parish
register profiije.

The results of this analysis indicate that both the
peivic and cranial methods of morphoiogical sex determination
produce sex ratios indistinguishab1e from the documented
ratio. On an individuai basis, however, the precision and
accuracy of the peivic approacn is superior to that of the
cranial approach. Features of the anterior pelvis are more
useful than those of the posterior pelvis. No difference
exists between criteria of the face and calvarium, Three
features, posterior view of the sacrum, Zzygematic reot
extension and occipital muscle markings, exhibit increased
accuracy with age, although use of the cemplete pelvic cor
Cranial trait list conceals tnese relationships and produces
no age-related affect on accuracy.

Of the Phenice (1369) criteria, the ventral arc s the

single most usefuy] trait exhibiting both high gprecision (0%
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intraobserver error) and high accuracy (86.9%). The subpubic
concavity ranked second and the ischiopubic ramus last, In
fact, the high intraobserver error of the ischiopubic ramus
(11.23%) Suggested that this feature 1is unrelijable and that 1t
should be exciuded from the analysis. The greatest success
with the Phenice Criteria was obtained using the ventral arc
and subpubic Concavity in comoination (92% accuracy). Despite
being more closely related to MclLaughlin and Bruce’s (1890)
17th and 18th Ccentury English sample, the St. Thomas’ materiai
produced results similar to those of Sutherland and Suchey’'s
(1981, 1987) North American sample.

Most of the cranial criteria employed in this study were O

e NC N & T RAD - T
previously recommended for use by . Hrd11cka (Stewart 1952 ) MAaachy

Zeges gt Mogea B\ e o .

It is noteworthy that the ac curacy obtained here (83.1%) is
almost identical to what he achieved (90%) and the individual
criteria rankings also compare favourably. These results
suggest that, when empioyed as a group, socme sexually
dimorphic Cranial features Can be used SuccessTuily on a
variety of pcpulations., However, some variation in their
individual usefulness exists.

Because so few €rrors are made when conducting pelvie and
cranial mcrohological assessments of sex, determining the
direction of error for each of these approaches is difficult.
Only twe incorrect assignments of sex were made using the
pelvis. Both times females were mistaken for maies, Seven

misciassifications were made using the skull; four were male
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and three female, Although hardly conciusive, the evidence
suggests that the initial hypotheses are correct, Pelvic
assessments are biased in favour of males because pre-—
adolescent pelves are more male-1like. In order to achieve a
classic female pelvic form the adolescent female must undergo
changes reiated to accommodating the birth of an infant. If
a female peilvis does not obtain the classic form, it s

considered maie, Cn the other hand, cranial assessments

necessariiy appears female,

When both precisien and accuracy are taken into account,
the auricuiar surface technique of estimating skeletal age-at-
death produces the best resyuilts for individuar cases. It has
the Towest Teve] of intracbserver error and iJjts accuracy is
comparable to both the Suchey-Brooks and Gilbert-McKern
systems and s superior to both the Suchey-katz and the
McKern-Stewart methods, In addition, because there 1s a
tendency for the pubic symphyses to become damaged in cemetery
sampies such as st Thomas’, as coffin 1ids decay anc cave
inward, thne auricular surfaces are usualiy better pPreserved.
In this case 249 adults were represented by at least onhe
auricular surface, wherezs only 174 indivicduals were
represented by at Teast one pubic symphysis., One major
prebiem with the auricular surface method is its tendency to

overage individuals less than 40 years and underage
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individuals greater than 40 years. This pattern was
identified by Murray and Murray (1991) and was confirmed in
this study.

Problems with phases III (2) or IV (1) and VI were
identified for both of the Suchey methods and contributed

significantly to the levels of intraobserver error. Th

o

accuracy of these methods were acceptable mainly becauss of
the wide age ranges covered by each chase. Practically
speaking, the estimates provided by the Suchey methods are too
broad to be useful in individual cases. When used to produce
an age profile, however, the Suchey systems (with the Jackes
[1985] distribution method) are fairly successful 21thougn the

pattern is distorted by the difficulty associated with phases

III, IV and 1IV.

6.2 CONCLUSIONS

Intraobserver, and whenever possible, interobserver error
tests should be conducted as a routine part of every skeletal
analysis. They can be used in studies invoiving morpholcgica’
sex determination to identify criteria that cannot be reliably
assessed. The degree of error can assist the researcher in
deciding whether to exclude the problematic features from the
analysis or to include them but to Give them less weight than
other traits. When employed in conjunction with estimations of

age-at-death, intra- and interobserver error tests identify

which methods a given researcher exhibits greater competence
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with and which methods are generally more reliabie.

Precise and accurate sex profiles may be obtained through
assessments of either the pelvis or the skull but on an
individual basis the pelvic results are superior. Even when
both types of information are avatlable, the cranial data
should serve cnly to confirm the pelvic assignment. when usead
in combination, the mest reliable and accurate results may be
obtained from an examination of the following six npelvic
criteria: ventral arc, obturator foramen, true pelvis shape,
sacrum shape, subpubic concavity and pubis shape. Readers are
advised to avoid using most of the other features since they
tend to be less precise and less accurate and therefore
introduce greater ambiguity into the eguation. If forced to
rely upon a cranial assessment, the following eight criteria
producec the least amount of intraobserver error and the

greatest degress of accuracy: supraorbital ridges, mastoid

s81ze, malar size and shape, occcipital markings, chin form,
general size, zygomatic root extension and mandible shape.
The resuits of the age estimation tests confirm many of
the conclusions reached by other researchers (Jackes, 1in
press; Meindl and Lovejoy, 1989; Meindl et at., 1983). None
of the technigues examined in this investigation are precise
and accurate enough to be employed exclusive of other systems.
Althcugh the auricular surface method produced the Cest
results on an individual basis, the distinctive pattern of

over- and underaging that is exhibited by his technigue

S

ct
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indicates a nctable probiem with the approach and culminates
in an obviously inaccurate age protile for the entire sample
(see Figure 15),

Unfortunately, in this analysis, the Suchey- Brocks and
Suchey-Katz methods proved to be unreliable. Elimination of
the difficulties asscciated with phases IIT (2), IV (1) and vi4
of the Suchey-katz System, identified in this study, would
make this method much more useful than is currentily indicated.
Even so, the large age ranges produced by this technique make
it more valuable for analysis of samples (when the Jackes
method of distributing pubic ages is applied) than for

analysis of individuals.

These findings suggest that Bouquet-Appel and Masset

(1977) may be Justified in bidding "farewell to
paleodemography" Average age-at-death (e, on Tife tables)
depends upon accurate adult age estimations, Jackes (in

press) observed that, all too frequentiy, archaesclegical
samples producse results which deviate from model tabies and it
s assumed that cultural or postdepositiona] Crocesses are
responsible. Few reople consider the alternative expianatiocn;

that adult unceraging is the cause of the unexpected resuilts.

M

igures 12-14 and Table 20 illustrate the degrees of
underaging for the methods examined 1in this study. Clearly
average age-at-death calculations based on these resuits would
be incorrect ang Figures 15-223 indicate how 1naccurate age

profiles based on skejeta:d age estimations can be. A1l s
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not lost. Jackes (in pPress) has suggested some means of
circumventing these probiems sO that pa]eodemographic analyses
may continue. She notes, however, that the value of such
approaches may be Timited.

Due to the smal] sample sizes employad in many of the
tests conducted in this 1nvestigation, the conclusions reached
are by no means definitive, Rather, they are a starting pcint
for further analysegs, Future studies should attempt to

identify both pelvic and cranial criteria that can be appiied

Successfuily to any population. It is also necessary to
isolate and exclude criteria that are inherentiy difficult to
assess, The effects of age oh the accuracy of each trait
should also be examined 1in greater detail ang on  larger
samples. Althcugh very few featyures in this study exhibited
Statistically significant differences in accuracy due to age,
a number of age-related trends were identified. It is clear
that too many suppositions concerning skeleta] Sex criterig
have been made over the decades and 1t is time that we stopped
Perpetuating these assumptions and began methodc?ogica??y
testing them.

In addition, it appears that revisions TO the auricuiar
surface technigue are reguired 1in order to eliminate the
distinctive pattern of under- and overaging notecd by Murray
and Murray (1921) and confirmed here. It would also be usefuyj
to known whether other researchers find it difficult =o

differentiate between the Suchey metheds’ phases II1I {2) or vI
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(1) and vI. Since errors of this type contributed
significant]y to the intraobserver error Jlevels of this
1nvestigation, their elimination would result in a
considerable improvement in the reliability of the method,
The importance of archaeologically eéxcavated historic
cemetery material is made evident by this study. Histcric
cemeteries provide the advantage of large samples containing
individuals whose ages span the entire range of human 1ife
éxpectancy. Many of the other biases associated with medical
school cadavers and dissection room samples can also be
avoided throuéh the use of historic archaeological samples.

The people buried at st, Thomas’ were from variocus

socioeconomic classes (DOA series I, part 35A; Boyce, 1991;
1867), consequently, many were unaffected by poverty and
nutritionajl deficiencies, In the past, dissection room

samples and medicai schoo] cadavers, composed largely of poor,
elderly individuals (St. Hoyme and Iscan, 1929), formed the
basis of studies concerning sex determination and age
estimation. Current investigators have speculated that the
effects of poverty couid easily have been mistaken for sex-
and age-related Characteristics (ibid). Greater emghasis on
historic Cemeteries wiill help eliminate this concern.

As our cities continue to change and expand, excavation
and rejocation of historic cemeteries will become 1ncreasing?y
freguent. Researchers must recognize the vaiuable

centributions that analysis of such material can provide and
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must communicate the 1importance of skeleta? assessments to
those in charge of cemetery relocation prcjects.
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PHASE MEANS, STANDARD DEV
PUBIC SYMPHYSIS AGE

Suchey~Katz

Phase
Range

I
IrI
ITI
Iv

%
VI

Source:

Me

18.
23.
28.

35

45,

61

an

5
4
7
.2
6
2

(male)

S.

N OCwOoomwro
Nhboo

D.

APPENDIX 3.

$5% Range

16-23
18-34
21-48
23-57
27-66
34-86

Suchey et al.,

McKern—Stewart

Score
Range

Source:

Me

17.
19.
19.
20.

22

24,

26

23,

35

41

an

29
04
79
84
.42
14
.05
18
.84
.00

S.

D W W —

(male)

D. 85% Range
.49 -17
.79 17-20
.85 18-21
.13 18-23
.9¢ 20-24
.93 22-28
.87 23-28
.33 23-39
.89 29+
.22 36+

McKern and Stewart,

1988.

1957

IATIONS AND RANGES FOR
ESTIMATION SYSTEMS

Suchey-8rooks (femaie)

Phase Mean

I 19.4 2
IT 25.0 4
III 20.7 8
Iv 38.2 10.

1% 48.1 14,

VI 80.0 12,

Gilbert-McKern

Score Mean

0 16.00
1 19.80
2 20.15
3 21.50
4-5 26.00
& 29.862
7-8 32.00
9 33.00
10-11 36.90
12 39.00
13 47.75

14-15 55.71

(AJ(;OO’)#A\!JA-I;FOO)PO!\JFO

RS o R (o R g

S.D. 95%
15-24
19-490
21-53
26-70
25-83
42-27

(femate)

S.D. S5%

.82 14-18

.62 13-24

.19 16-25

.10 18-25

.61 22-29

.43 25-38

.55 23-39

.75 22-40

.94  30-47

.09 32-5>2

.59 44-54

.24 52-59

Gilbert ang MckKern, 1973





