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INTRODUCTION

Paleodemographic studies based on human
skeletal remains excavated by anthropologists
and archaeologists seek to reconstruct basic
biological and social facts of human life in the
past—population structure, life expectancy,
and mortality and fertility rates. The first step
in such a study is to establish the distribution of
ages at death, and by the 1970s this became a
mandatory part of any anthropological report
on a cemetery site.

Interest in paleodemography began slowly in
the United States with the work of Hooton
(1920, 1930), then picked up through the
1960s (Angel, 1968, 1969; Biraben, 1969;
Churcher and Kenyon, 1960; Johnston and
Snow, 1961; Swedlund and Armelagos, 1969).
Paleodemography reached its apogee in central
Europe with the publication of The History of
Human Life Span and Mortality (Acsadi and
Nemeskéri, 1970), and the 1970s saw paleode-
mography emerging as a topic for theses in
several American graduate schools (e.g., Asch,
1976). While paleodemographic methods
were studied in broad terms (Swedlund, 1975;
Swedlund and Armelagos, 1976; Weiss, 1973,
1976), the techniques underlying the data on
which the demographic parameters were
based received little consideration.

Analysis of the large Libben sample led to the
fullest expression of paleodemography based
on methods developed in the United States be-
tween 1920 and the mid-1970s (Lovejoy et al.,

1977). But it also contributed to increasingly
trenchant questioning of this traditional paleo-
demography (Petersen, 1975; Howell, 1976).
Howell’s paper on Libben demography (1982)
forcefully pointed out that the results of paleo-
demographic research were not in accord with
the knowledge accumulated by demographers
over 200 years.

In Europe, Masset arrived at a similar posi-
tion through a consideration of age estimates
(1971, 1973, 1976a,b,c). His work was contin-
ued by Bocquet-Appel (Bocquet, 1977); their
jointly published doubts about the accuracy of
age estimates (Bocquet and Masset, 1977; Boc-
quet-Appel and Masset, 1982) elicited a strong
reaction on behalf of paleodemography in the
United States (Van Gerven and Armelagos,
1983; Buikstra and Konigsberg, 1985; and
Greene et al., 19806).

New histological techniques developed in
forensic science during the 1960s and 1970s
were expected to provide more accurate age
estimates and during the 1980s they were
tested on archaeological samples. At the same
time, traditional methods of assessment contin-
ued to be refined (Katz and Suchey, 1986,
1989), and the methods used to age the Libben
sample were published in great detail (e.g,
Meindl et al., 1980, 1983, 1985; Meindl and
Lovejoy, 1989). Such detail is desirable, a de-
parture from the norm of the previous two de-
cades, when aging techniques were generally
accepted without question and, in the obliga-
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tory paragraph on “methods,” were described
in reports in the most general terms or not at
all.

This chapter will summarize what has been
learned over the last decade and propose
methods of research that allow not so much a
resurrection of paleodemography (cf. Bocquet-
Appel and Masset, 1985), but its reincarnation
in a humbler but wiser form. Paleodemo-
graphic methods must be suited to a foresee-
able future of limited access to skeletal mate-
rials and of funding restraints.

With this in mind, there must be attempts to
develop techniques that allow comparisons of
data among sites and over time. Comparison
alone can help identify sites that are biased by
differential burial practices and/or by partial
excavation. Comparison alone will allow re-
searchers to differentiate among archaeologi-
cal sites and see the relationship of archaeolog-
ical mortality to historical, modern, and model
mortality rates.

The primary concern in this chapter is with
the techniques of adult age assessment, as well
as a focus on the crux of the 1980s disagree-
ments between European and North American
paleodemographers, that is, on the basic ques-
tion: How reliable are these age assessment
techniques? If age estimates turn out to be in-
accurate, there is no foundation on which to
build “biological” paleodemography. Paleode-
mography will then become completely “ar-
chaeological,” relying on such data as size and
density of sites, houses, and hearths.

Throughout the discussion some of the tech-
niques described are evaluated in the context
of a sample of several hundred burials from
Portugal dating from the Mesolithic and Neo-
lithic (Jackes, 1988; Lubell and Jackes, 1988;
Lubell et al., 1989).

MORPHOLOGICAL TECHNIQUES
OF AGE ASSESSMENT
Pubic Symphyses
Todd (1920) first demonstrated the system-
atic changes on the face of the pubic symphy-
sis. A new schema was drawn up by McKern
and Stewart (1957) on the basis of their work
on the young conscripts killed in the Korean
War. Gilbert (1973) pointed out that the ap-
plication of male standards to females was
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bound to introduce error, and Gilbert and
McKern (1973) proposed a new system for ag-
ing the female os pubis. Work has continued on
the Todd system (Brooks, 1955), and Suchey,
after testing the accuracy of the 1973 female
aging system of Gilbert and McKern and find-
ing it wanting (Suchey, 1979), has refined the
Todd schema in order to increase the accuracy
of age estimates on male (Katz and Suchey,
1986) and female (Brooks and Suchey, 1990)
pubes.

In Europe Nemeskéri independently devel-
oped a system of pubic symphysis age assess-
ment (Nemeskéri et al., 1960). In seeking to
apply it, European researchers noted that dif-
ferent results derived from U.S. and European
techniques. Masset (1976¢) pointed out that
each method would give a different age for the
same stage and, citing a study comparing the
Todd and Nemeskéri methods on a Czech
known-age sample, he concluded that each
method is most applicable to a group with an
age structure equivalent to that used to de-
velop the method (Masset, 1976a: 334). Boc-
quet-Appel and Masset (1982) based their
“Farewell to Paleodemography” on the opinion
that the results of a technique depend on the
age-at-death distribution of the sample used in
developing the technique.

This was restated slightly by Jackes (1985)
in demonstrating that each technique does in
fact give different results. It was shown that, in
cases where pubic symphyses alone are used in
age estimates, it is sometimes possible to de-
termine the technique used from the resulting
age-at-death distribution. During the 1960s and
1970s the mean ages of the pubic symphysis
stages were used for age assessment: the mean
age was used as the age of the individual as-
sessed at a given stage. In sites in which mul-
tiple aging techniques could not be used (e.g.,
ossuaries consisting of disarticulated remains),
characteristic age-at-death curves were pro-
duced.

This replication of age-at-death distributions
became clear in the comparison of North
American sites of the period just before and
after contact with Europeans, a period of ex-
treme demographic change. Expected differ-
ences in mortality patterns were masked by
the use of pubic symphysis age estimates
(Jackes, 1986). Ten years earlier the interpre-
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Fig. 1. Age estimations of males based on McKern and Stewart and Todd pubic symphysis
techniques compared with known ages derived from data from Katz and Suchey (1986).

tation of this phenomenon of “similar results
from dissimilar sites” had been quite different:
“archeological data from different sites or dif-
ferent times at the same site produce similar
demographic results, so we can have confi-
dence that whatever we are doing, we are do-
ing consistently” (Weiss, 1976: 357). And yet
Acsidi and Nemeskéri (1970) had already
shown that the European and American meth-
ods of age assessment gave fundamentally dif-
ferent pictures of past mortality.

We now have clearer evidence that different
techniques produce different results. Katz and
Suchey’s work (1986) on a large sample of
males of known age, clearly demonstrates the
characteristic distribution of ages at death that
results from the McKern and Stewart technique
(see Fig. 1). We can now understand why, for
many sites, “everyone is reported to have died
before age 45 or 50" (Weiss, 1973: 59). This
relative absence of the elderly is still accepted,
although with acknowledgments that compen-
satory adjustments must be applied.

The Todd method also underages those over
60 (Fig. 1; see also Meindl et al., 1983, and
Jackes, 1985). Nevertheless, Brooks (1955:
571) obtained quite high correlations of as-
sessed and known age in her tests of Todd’s
system. However, the tests utilized a sample
derived from Todd’s original series selected so

that “each pubic phase has approximately the
same number of individual skeletons whose
known age falls within that span.” Meindl and
colleagues (1983) also tested the Todd
method. They obtained a correlation of .57 for
males and females combined, on samples se-
lected from the Todd collection to reflect the
supposed age structure of archaeological pop-
ulations (i.e., very few old people). Neither the
Brooks nor the Meindl and colleagues test is
thus independent of the age distributions im-
posed by the method, nor was either carried
out on a sample other than the reference sam-
ple.

The Nemeskéri method results in assigning
far too many individuals an age of 45—60 years
(Jackes, 1985), and Bocquet et al. (1978)
found a very low correlation with real age in
testing the Nemeskéri pubic method on a
known-age population. Brooks and Suchey
(1990) advise against the use of the method,
after testing it on 1,000 modern pubes.

Examination of the pubic symphysis was the
basic method of choice for every skeletal biol-
ogist through much of the past three decades
(e.g., Blakely, 1971: 45; Bender, 1979: 185).
U.S. researchers (Meindl et al., 1983: 81; Love-
joy et al., 1985a: 12; Meindl et al., 1985) drew
attention to the inaccuracy of pubic indicators,
but the strong negative responses from others
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(Buikstra and Konigsberg, 1985; Van Gerven
and Armelagos, 1983 ) to the paper of Bocquet-
Appel and Masset (1982) persuaded paleode-
fnographers to continue using traditional meth-
ods (e.g., Storey, 1985: 527). The pubis has
been regarded as the mainstay of ossuary aging
techniques, and a major contributor to multi-
ple-factor age assessment.

One important factor is often overlooked.
Pubic symphyseal techniques are not applica-
ble to all sites: numbers of adults evidenced by
the MNI (minimum number of individuals)
counts may not be represented by pubic sym-
physes. Waldron (1987) has shown that the
rate of survival of the pubic symphysis may be
only around 30%. Pfeiffer (1986) reported
over 400 adult individuals in the Kleinburg Os-
suary but only 51 adults (12.5% ) were given
ages by pubic symphyses (Jackes, 1985, 19806).
Similarly, only 95 of some 312 adults (30% )
could be aged on pubic symphyses in the Ux-
bridge Ossuary (Pfeiffer, 1986). Of the several
hundred adults in recently analyzed Portu-
guese Mesolithic and Neolithic sites (e.g,
Jackes, 1988; Lubell and Jackes, 1988; Lubell et
al.,, 1989) only two or three were represented
by analyzable symphyses. The exclusion of
adults of indeterminate age from paleodemo-
graphic analyses has profound effects on the
results obtained.

Auricular Surfaces

Lovejoy and colleagues (1985b) proposed
an age-estimating technique based on the au-
ricular surface of the ilium, which changes
with age in specific ways that are highly corre-
lated with changes in the pubic symphysis
(Lovejoy et al., 1985a). The method requires a
large series of clean and well-preserved auric-
ular surfaces and controlled seriation. Both the
Koyabashi (1967) form of this observation and
the Lovejoy method, applied to Portuguese Me-
solithic samples, were found to be unsatisfac-
tory owing to the condition of the auricular
surfaces and constant interobserver disagree-
ments. However, a test on an independent
known-age sample has suggested that the au-
ricular surface is of more value than the pubis,
producing interobserver correlations of 0.8 or
more and a correlation with age of 0.6 (Bed-
ford et al, 1989). Lovejoy and colleagues
(Lovejoy, 1985b; Meindl and Lovejoy, 1989)
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have tested the technique, but because the ex-
act age/sex/race/parity breakdown of the two
samples tested (which make up 75%—82% of
the test samples described in Lovejoy and col-
leagues, 1985a) is unknown, the utility of the
method cannot be judged. The technique has
been applied to a known age European sample
(Rogers, 1990) and was found to be accurate
only for young adults.

The technique may be inappropriate for fe-
males. Ullrich (1975) demonstrated marked
changes in the corresponding sacral joints of
multiparous females, and Lovejoy et al. (1985b:
27) have noted that female innominates with
preauricular sulci cannot be judged on the api-
cal and inferior margins.

Additional Morphological Age Criteria

Several other methods by which adult age
can be estimated have been proposed: atrophy
of the scapula (Graves, 1922), which is rarely
useful for archaeological material, since the
scapular blade is fragile; fusion of the sternum,
judged of no value by Jit and Bakshi (1986);
fusion of the cranial sutures, which is highly
variable and the subject of considerable litera-
ture (e.g, McKern and Stewart, 1957; Ne-
meskéri et al., 1960; Meindl and Lovejoy, 1985;
Masset, 1989); degenerative changes (Stewart,
1958), which are activity-, sex-, and popula-
tion-specific in ways not fully documented; fu-
sion of the maxillary suture, found to be of
limited value by Gruspier and Mullen (1991);
and the sternal end of some ribs (Iscan et al.,
1984, 1985).

Only the last of these techniques appears po-
tentially useful to skeletal biologists for aging
large collections of skeletons. Unfortunately,
it requires excellent preservation, identifica-
tion and sex assignment of the third, fourth,
or fifth rib, limiting its value in sites with dis-
articulated, mixed, or incomplete individuals.
Furthermore, racial differences appear to be
marked.

Sex, Race, and Morphological
Age Assessment

Early work on pubic age estimation was re-
stricted to males. Todd (1921) included fe-
males, but his sample was too small for analysis
of variability. Stewart (1957: 18) stated that
“until more reliable pubic age standards are
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available for females the sex difference in mor-
tality curves for ancient populations will be
suspect.” Gilbert and McKern’s (1973) system
for females was later shown to be inadequate,
and Suchey (1979) demonstrated that a pubic
symphysis of a female aged 60 or more years
had no more than a 10% chance of being as-
signed to the correct 5-year age category. It is
the variability in female pubes that leads to
these unsatisfactory results (Gilbert and Mc-
Kern, 1973; Gilbert, 1973; Suchey, 1979; Katz
and Suchey, 1986; Angel et al., 1986; Stewart,
1957). While Brooks and Suchey (1990) have
now provided a schema for female age assess-
ment based on 273 Los Angeles forensic cases,
they acknowledge that the variability of older
female pubic symphyses limits the value of the
technique. It must be used in conjunction with
other methods.

Sex has been a recognized problem in mor-
phological studies, but racial differences have
rarely been discussed in the context of mor-
phological age assessments. Todd (1921) con-
cluded that differences between black and
white pubic symphyses existed but were unim-
portant. In further work on the same collec-
tion, Meindl and colleagues (1985: 33) ac-
knowledged that their technique results in
greater underaging of 60- to 69-year-old blacks
than whites.

Buikstra and Konigsberg (1985) cited Hani-
hara and Susuki (1978; a test limited to indi-
viduals between 18 and 38) to prove that pubic
symphysis age distributions are not population-
specific. At the time, only one good test of this
existed. Koyabashi (1967) tested the age esti-
mation techniques on a sample of 142 adoles-
cent and adult Japanese skeletons of known
age; age changes in Japanese pubes seemed less
obvious after age 35 than Todd or Brooks
would suggest on the basis of U.S. blacks and
whites.

Katz and Suchey (1989) have now shown
that significant differences exist between
white, black, and Mexican males in their Los
Angeles pubes sample. The average age of a
stage VI pubis in a white is 64 years (proba-
bility range 53—75 years), while an equivalent
Mexican pubis would be about 47 years (+2 o
= 39-55 years). However, since only 2% of
the Suchey sample of individuals over age 50
were Mexican, (none over 59 years), there is
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no clear idea yet of the age changes taking
place in the Mexican pubis.

In sum, after about 70 years of studying mor-
phological age indicators, researchers are only
beginning to grapple with population differ-
ences, and new methods for aging females are
acknowledged to have limitations. Even for a
sample of males of European origin, the accu-
racy of age estimates depends directly on the
age distribution of the dead, precisely the un-
known factor in archaeological populations. All
that can be determined with certainty is that
the older the adult sample, the less accurate the
age estimates.

RADIOGRAPHIC TECHNIQUES
IN AGE ASSESSMENT

The cortical width and density of bone and
the arrangement of trabeculae undergo
changes with age that have been identified by
radiographers and clinicians searching for
techniques by which osteoporosis can be diag-
nosed or predicted. Anthropologists attempt-
ing to assess skeletal age in adults have recently
used X-rays, especially to examine changes in
trabeculae in femoral and humeral heads (sum-
mary in Sorg et al., 1989). Other techniques
have either not been attempted on archaeolog-
ical bone (calcaneus: Walker and Lovejoy,
1985) or have been tried and rejected (radius:
Lovejoy et al., 1977, 1985a; clavicles: Jhamaria
et al., 1983; Meiklejohn, personal communica-
tion).

Alteration in Femoral Trabeculae

The Singh Index, systematizing changes in
the proximal femur, is used in clinical studies
as a method of evaluating osteoporosis (Singh,
1972). Detailed literature on this index indi-
cates that accurate ages cannot be assigned on
the basis of femoral radiographs and that, gen-
erally, femoral scores have lower correlations
with age than the index of second metacarpal
cortical bone (e.g., Nordin et al., 1966). High
correlations with age have been found (r =.91;
Jhamaria et al., 1983), but the sample used
could be regarded as biased. By contrast,
Singh’s data for female femora suggest a corre-
lation with age of .6 (Singh, 1972, data ex-
tracted from Fig. 3, p. 65).
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The first important use of radiography for
anthropological age determination was by
Nemeskéri and colleagues (1960; see also Ac-
siadi and Nemeskéri, 1970), when they added
age changes in the trabeculae of the proximal
humerus and femur to pubic symphyseal face
modification and ectocranial suture closure.

Bergot and Bocquet (1976) redefined the
six stages of trabecular change. Subsequently
Bocquet and his colleagues (1978) tested a
method of estimating age by multiple regres-
sion, by using pubes, cranial sutures, and hu-
meral and femoral radiographs on the known-
age collection at the University of Coimbra,
Portugal. The results based on humeri were
very unsatisfactory, but at r =.7 for males and
.6 for females, the trabecular stage of the prox-
imal femur showed a more encouraging corre-
lation with real age.

Walker and Lovejoy (1985) have proposed a
fourth schema for analyzing femoral trabecular
changes with age. They initially used an optical
densitometer to avoid subjectivity in reading
radiographs, but found it of no value. Their
results are therefore based on a seriation of
X-ray images, with emphasis on morphological
changes in trabeculae and relative translucency
of the various areas in the proximal femur as in
other methods.

A series of inter- and intraobserver tests by
five researchers on a large number of Portu-
guese Mesolithic and Neolithic femoral radio-
graphs has been undertaken. Many radiographs
are unreadable because of damage to the bone
or heavy matrix in the medullary canal, and the
lack of standardization enforced by differing
burial conditions has been shown to bias re-
sults. Paired ¢ tests demonstrated that interob-
server differences are most significant when
the Walker—Lovejoy technique is used (n =
73; 63% disagreement) and least with the
Nemeskéri method (n = 80; 52% disagree-
ment).

The Bergot—Bocquet and Nemeskéri meth-
ods generally correlate at higher levels, and the
Walker—Lovejoy method consistently has
lower correlations with other methods, irre-
spective of observer or site. Interobserver dif-
ferences are less significant for Neolithic site
radiographs, demonstrating the importance of
X-ray clarity and bone preservation. Only the
Walker—Lovejoy technique produces signifi-

JACKES

cant interobserver differences when these are
tested by cultural period, and this is found only
with the Neolithic_ material, indicating that it
performs least well on the best preserved ma-
terial.

No single method stands out as consistently
performing better than the others, although the
Walker—Lovejoy is in general the least satisfac-
tory. The Walker—Lovejoy stages derive from
seriation and are therefore often imprecisely
defined in terms such as “more,” “less,”
“greater,” and “significant increase.” This com-
pounds the subjectivity inherent in reading ra-
diographs (Bergot and Bocquet, 1976).

A number of problems must be resolved be-
fore a useful application of techniques of scor-
ing femoral trabecular involution to archaeo-
logical material is possible. The comparability
of grades among methods is questionable, and
in several cases the descriptions of stages are
ambiguous. Moreover, the stages may not be
comparable between populations (e.g., in many
of the Portuguese radiographs, subcapital rar-
efaction appears advanced over the formation
of a clear Ward’s Triangle, making Singh Grade
6 inappropriate as a description of observed
changes).

On the basis of the work on Portuguese ra-
diographs, this author proposes a scheme by
which seven radiographic characteristics of the
femoral head are deemed to pass through eight
phases. Each area (the apex of the canal, Ward’s
Triangle, subcapital area, fovea capital area, the
greater trochanter, the arciform bundle, the
cephalic bundle) is observed in order to clarify
whether all pass through the equivalent stage
at the same time in all individuals. Age is as-
sessed on the basis of clustering of the scores
on each of the seven areas.

Of the 126 or so individuals represented by
the Portuguese radiographs, few are taken to
represent older people (determined on the ba-
sis of clustering trabecular stage with cortical
variables, to be described below). This is al-
most inevitable, as less dense proximal femora
do not survive. Thus radiography underrepre-
sents the elderly on the basis of preservation,
and because some elderly present “young”
proximal femora, they will be underaged. Poor
preservation of femoral heads suggests that it is
worthwhile to consider another radiographic
technique: measurement of cortical thickness.
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Cortical Thickness

Cortical thickness is determined from radio-
graphs for diagnostic purposes by two midshaft
measurements, especially on femora: the Nor-
din Index (Barnett and Nordin, 1960) is the
width of the femoral cortex expressed as a per-
centage of the shaft diameter. Other cortex
widths are also measured, especially the sec-
ond metacarpal (Barnett and Nordin, 1960;
Morgan, 1973). Measurement of the cortex
width in long bones has been applied by an-
thropologists to determine bone loss associ-
ated with disease or nutritional stress (sum-
mary in Macchiarelli, 1988).

Humeri have been suggested as preferable to
femora, in that they are not weight-bearing
(Smith et al., 1984). Walker and Lovejoy
(1985) propose radiography of the clavicle,
and their phases for the clavicle and for the
proximal femora both refer to cortical thin-
ning. Kaur and Jit (1990) have shown by direct
measurement that the clavicular cortex is re-
duced markedly with age.

Measurement of the medial femoral cortex,
just above the lesser trochanter, has been dis-
cussed by radiologists (e.g., Horseman et al.,
1982). This area, the calcar femorale, extends to
just below the lesser trochanter, where it is
often complete in archaeological bone and is
readily identifiable. Intraobserver error on the
external measurement at this point is less than
that for the midshaft external measurement in
tests on Portuguese femora. Measurement of
the medullary width at the subtrochanteric
level is less accurate than simple measurement
of the lower calcar femorale, judged on the basis
of correlations with proximal femoral trabecu-
lar scores. One test has shown that the average
difference between the subtrochanteric index
(expressing the width of lower calcar femorale
in relation to the external subtrochanteric di-
ameter) on multiple X-ray films of the same
bones is half that of the average difference for
Nordin’s Index. We can assume that Nordin’s
Index is much more sensitive to variations in
radiographs. An index that expresses the
breadth of the calcar femorale may be of value
as an additional variable in analyses of the seven
characteristics of proximal femoral trabeculae
discussed above.

Intraobserver error and multiple interob-
server error on radiographic indices have been
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tested on the Portuguese bones and found to
be high—often significantly high. Direct mea-
surement of the cortex on midfemoral bone
samples is preferable. The ratio of bone sample
cortical thickness to anterior posterior midfem-
oral diameter has low correlations with Nor-
din’s Index (below .5 even on the Neolithic
femora) based on multiple tests on the Portu-
guese femora. Radiographic cortical measure-
ment error has been found to be high under
the more ideal conditions of clinical trials: it
seems reasonable to assume that Nordin’s In-
dex will have a very high error for archaeolog-
ical material.

THE MULTIFACTORIAL APPROACH

Whenever complete individuals are available
for analysis, multiple age assessment methods
can be used. Nemeskéri et al. (1960) were the
first to attempt a systematization of multiple
aging techniques.

Acsadi and Nemeskéri (1970) have proposed
that four age indicators be used in age estima-
tion. First, the pubic symphysis is used to de-
termine whether the individual is young, about
50 years, or old. On this basis, cranial sutures
and trabeculae in the proximal humerus and
femur are analyzed, and the pubis is reexam-
ined. Age ranges for each point of observation
are fixed, and age is determined by choosing
the low, middle, or high end of each range,
according to the initial information given by
the symphysis pubis. The four ages thus de-
rived are then averaged to give the final esti-
mated age for the individual. Acsidi and Ne-
meskéri (1970: 123) claim that, on the basis of
their study with individuals of known age,
“actual, chronological age can be approxi-
mated fairly well.” Accuracy is 80%—85% with
a margin of error of £2.5 years in individual
cases and a lower error if ages of a sample are
distributed (1970: 131; but see Sjgvold 1978:
111).

Concluding that three people died at age
18—-20 requires drawing up the age-at-death
distribution on the assumption that 1.0 (3
years/3 individuals) person died at each of ages
18, 19 and 20. But as Sjgvold (1978) pointed
out, equal distribution is only one of a number
of possible ways of combining 3 dead and 3
years; in fact it has a 0.1 probability, and for
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each individual the probability of death at a
given age is only .33. Sjgvold, however, main-
tains that the confidence limits for methods of
age determination are unknown and that a nor-
mal distribution of ages cannot be assumed for
every age class of every age indicator, a con-
tention which receives some support from
Brooks and Suchey (1990: Fig. 4).

The accuracy of the method of Acsadi and
Nemeskéri has been further tested on the
Coimbra sample by Bocquet et al. (1978), who
used six age indicators (including humeral and
femoral cortical widths) on 194 males and 161
females. Of the six techniques, none showed
high correlations with the actual population;
the humeral cortical index for females, at
—.688 (Boquet et al., 1978: 140) was the high-
est. The use of a theoretical population in
which all age classes were equally represented
provided correlations of .71 for both the male
proximal femur and the female humeral corti-
cal index. Combining all age indicators gener-
ates correlation coefficients of .829 for males
and .789 for females. The combined method
does not give results much better than the sin-
gle indicator results, and Bocquet-Appel would
maintain that only results in the » = .9 range
can be used in paleodemography.

It is appropriate to enquire whether we know
the true correlation of multiple techniques with
age, since some have a linear relationship with
age and others (e.g., cortical widths) do not.
The method of computing ages in the face of
this problem has not been discussed.

Another proposal for multiple techniques
derives from the analysis of the Libben site
(Lovejoy et al, 1977). Age estimates were
based on pubis, proximal femur and distal ra-
dius radiography, dental attrition, cranial su-
tures, and auricular changes. Vertebral osteo-
phytosis had been one of the original age
indicators, but it was not used in the final as-
sessments of age. The estimate of the reliabil-
ity of the other six indicators and the weight
assigned them was derived from a principal
components analysis. Each indicator was
weighted according to its contribution to the
first principal component. The contribution to
the first principal component, which ac-
counted for 74% of the variance, was taken as
an estimate of reliability. The weightings have
not been published.
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The accuracy of the technique was post
facto tested on the basis of three samples cho-
sen from among 500 specimens with “reliable
records of age at death” (Meindl et al., 1980) in
the Todd collection. Meindl et al. (1983 ) sub-
sequently published an account of testing on
two samples of 130 each. The skeletons were
carefully chosen: in order “to mimic archaeo-
logical conditions two adult life tables were
selected from the literature and two samples of
130 cases each . . . were chosen - . . to corre-
spond to the two tables” (1983: 76—-77). Sam-
ple 1 appears similar to Point of Pines (Bennett,
1973), while a distribution like that of Indian
Knoll (Johnston and Snow, 1961) may have
provided the basis for sample 2. Both sites
were aged by McKern and Stewart pubic indi-
cators and by dental attrition, although attrition
coding methods differed between the two
sites.

The composition of the two Todd Collection
samples is shown in Figure 2. Sample 1 has
fewer young adults and non-Europeans than
sample 2. As “accuracy of age assessment is
greatest in the younger age categories”’
(Lovejoy et al., 1985a: 9) and as pubic indica-
tors are more likely to underage Europeans
than Africans or Asians, it is predictable that
correlations between indicators and known age
will be higher for sample 2 than for sample 1.
Mensforth and Latimer ( 1989) have shown that
osteoporotic fracture rates are much lower
among Todd Collection blacks than whites
(e.g., among women in their fifties the black
fracture rate is one quarter that of the rate for
white women), so a young age given to a black
on the basis of radiographs is most likely to be
correct for a sample in which there are many
young individuals. Again sample 2 should pro-
duce higher correlations between known age
and estimated age than sample 1.

Methods and the results of age estimations of
the two samples are discussed in Meindl et al.
(1983) and Lovejoy et al. (1985a). Correla-
tions between dental, auricular, and femoral
ages and real age remain the same, but the cor-
relation of the pubic symphysis, in its revised
form, rises to .78 for sample 2.

The assumption outlined above, that accu-
racy would increase on the second test, holds
true only for the pubis, and yet the results of
the sample 2 tests have been published as im-
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Fig. 2. Composition of the Hamann-Todd Collection samples used to test age indicators

(Lovejoy et al., 1985a: Table 1).
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provements over the methods used for sample
1. The reason for this is the opinion that “the
value of age indicators cannot be judged on the
correlation coefficient which in fact is only an
indication that a relationship between indica-
tor and chronological age exists” (Walker and
Lovejoy, 1985: 77; see also Lovejoy et al,
1985a: 9). They propose instead the use of the
mean absolute error and average bias. These
“normalized” values are described as less
“highly sensitive to the age range and distribu-
tion in the test population” than the correlation
coefficient (Lovejoy et al., 1985a: 9).

Inaccuracy and bias are much reduced in the
sample 2 tests. Is this the result of improved
methods or does it relate to the range and age
distribution of the samples? The answer is that
the two samples are different, not that the
methods give more accurate results.

There are phases of inaccuracy, shown most
clearly by sample 1, in which there are four
such phases. The first phase ranges from age 18
to 44 (mean inaccuracy ca. 4); the second,
from 45 to 56 (mean inaccuracy ca. 8); the
third, from 57 to 66 (ca. 13); and the fourth
from 67 to 78 (mean inaccuracy ca. 22). Inac-
curacy is therefore dependent on the age struc-
ture of the sample, and the two samples must
be tested over comparable areas of their distri-
butions: individuals of real age 50 and under
provide samples with homogeneous means for
inaccuracy (p = .182: tested as large but un-
equal samples with unequal variances).

The only real change is that the inaccuracy
of the Todd pubis technique has been reduced
for the age group 50-59. Since the number of
individuals between 50 and 59 falls from 30 to
17 and the proportions of blacks and females
rise from 13% to 47% and 13% to 41%, re-
spectively, it is impossible to say that inaccu-
racy has been dramatically reduced while all
other factors are held constant between sample
1 and sample 2.

While it may be assumed that more age in-
dicators are better than fewer age indicators,
the Libben investigators have not yet provided
confidence in their “multifactorial approach.”
Apart from the pubic symphysis, which is not
reliable, they emphasize the value of the auric-
ular surface, which is highly correlated with
the pubic symphysis and not universally appli-
cable to archaeological material. They consis-
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tently note dental attrition as the most unbi-
ased indicator of age. A description of the
Libben attrition scale has been published
(Lovejoy, 1985), and it is significant that “ex-
treme wear” is given an age of 45—55 years.
Libben attrition is most highly correlated with
the pubic age indicators. It is clear that the
multifactorial approach, in this case, is not in-
creasing accuracy but, rather, bolstering inac-
curate assessments. The intercorrelation of fea-
tures that are all variously age-dependent is to
be expected, but it does not prove the accu-
racy of age estimates.

Meindl and colleagues (1990: 356) have
now questioned the attempt to systematize age
estimation by the development of “stan-
dardized morphotypes” of age changes in the
pubic symphysis. They propose, however, that
examination of pubes should continue, in con-
junction with “the systematic use of other adult
age indicators.”

Brooks and Suchey (1990) have stated that
multiple indicators should not be averaged to
produce an age estimate. They propose that the
technique that gives the narrowest age range
should be given most weight as the age indica-
tor for each individual. Since younger ages pro-
vide the narrowest ranges, the proposal is
likely to increase underaging.

Probability distributions over pubic stages
was suggested as a method of smoothing
(Jackes, 1985) that is preferable to those pre-
viously used—for example, running averaging,
equal distribution over age ranges, regression,
or seriating by dental attrition levels. The over-
all method that may give the best results for
paleodemography is to chose several disparate
age estimation techniques, distribute the age
estimates according to tables of probability
(Table 1, for example), and average the results
within each 5-year age category. The estimated
age-at-death distributions will still be partly de-
termined by the techniques of age determina-
tion, but allowance will have been made for
the variability of adult age indicators. Such a
technique could give us no assurance of accu-
racy, merely a reduction of inaccuracy.

Finally, multiple techniques can be applied
in a controlled way only in sites with complete
skeletons and excellent preservation. Under
the circumstances obtaining for most archaeo-
logical skeletal collections, published ages will
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TABLE 1. Probability Distributions for Pubic Symphysis Stages Based on

Data in Brooks and Suchey (1990)
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Age range I II 111 v v VI
Females

10-14 0.022 0.003

15-19 0.545 0.131 0.067 0.025 0.004

20-24 0.386 0.346 0.148 0.065 0.030

25-29 0.346 0.225 0.113 0.051

30-34 0.131 0.236 0.159 0.077

33—3%9 0.172 0.181 0.105 0.030
40-44 0.087 0.168 0.126 0.060
45-49 0.016 0.126 0.136 0.097
50-54 0.078 0.130 0.133
5559 0.039 0.110 0.157
60-64 0.084 0.157
65-69 0.057 0.133
70-74 0.034 0.097
1379 0.010 0.060
80-84 0.030
Males

10-14 0.025

15-19 0.714 0.149 0.067 0.030

20-24 0215 0.500 0.195 0.086 0.001

25-29 0.295 0.294 0.151 0.043

30-34 0.010 0.255 0.202 0.087

35-39 0.125 0.203 0.141 0.018
40-44 0.018 0.156 0.182 0.051
45-49 0.091 0.187 0.087
50-54 0.035 0.153 0.127
35=59 0.100 0155
60-64 0.052 0.161
65-69 0.008 0.143
70-74 0.106
Jor 0.067
80-84 0.036
85-90 0.003

have been variously assessed by a variety of
techniques. Skeletal preservation, age- and sex-
dependent though it may be, will be control-
ling our techniques of age assessment.

HISTOLOGICAL METHODS

Conceding that morphological age indica-
tors are of problematic value for individuals
over age 50, Buikstra and Konigsberg (1985)
proposed histological data as the likely salva-
tion for paleodemography.

Teeth

Cemental annulation. Gustafson (1950)
first noted that the thickness of cementum in-
creases with age in human beings. While age
estimation based on cemental annulations, an-

nual depositions being distinguished by a
darkly staining resting line, has been used for
some time for other mammals, in which ce-
mentum is normally laid down at fairly con-
stant rates, the method was not used for human
beings until the 1980s. Naylor et al. (1985)
discuss the early techniques, pointing out that
the number and clarity of annuli vary within
one root.

Charles and colleagues (1986 ) found that ca-
nines display lower intratooth count variability
than do premolars, but equal intraobserver
variability. However, higher interobserver
variability for canines than premolars led them
to conclude that premolars give better results.
They did not discuss the accuracy of age esti-
mates for canines, and although they hypothe-
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sized that an excess of annuli may be counted
in poorly defined areas of cementum when the
cementum is thicker (as in canines), this was
not evaluated.

Condon and coworkers (1986) found a cor-
relation of premolar annuli with age of .7 for
males and .95 for females. However, since the
mean age of the females in their sample is
lower than that of the males, their conclusion
that cemental annuli are more accurate predic-
tors of age in females than in males cannot be
evaluated.

The results of a study by Miller and col-
leagues (1988) confirm the finding of Condon
and coworkers (1986) that cemental annula-
tion techniques can be used only for young
individuals: they report a correlation of .78 be-
tween annuli counts and age for individuals un-
der 35, but .01 for those over 35 years. Kay and
Cant (1988) studied cemental annulation and
attrition in Macaca mulatta lower first molars.
Age could be predicted accurately for individ-
uals under 10 years, but with increasing error
beyond that, especially after age 14. Age was
predicted more accurately in males than in fe-
males. Kay and Cant conclude that environ-
mental factors may affect the formation of rest-
ing lines in cementum. ;

Neither the preferred tooth nor the tech-
nique by which annulations should be exam-
ined has been settled. Charles and colleagues
(1986, 1989) stress the importance of 7um de-
calcified stained sections, but recent attempts
to produce these sections from archaeological
material (from the Portuguese Neolithic os-
suary cave, Casa da Moura, ca. 6877-5735
B.P.) have been unsuccessful. Decalcification
and staining after embedding was also unsuc-
cessful; the cementum is reduced to a wisp of
discontinuous network, separated from the
shredding dentin in a number of places—
which was not unexpected, since cementum is
much less mineralized than dentin (Furseth
and Mjgr, 1973).

The Portuguese Neolithic annuli are best vi-
sualized directly under polarized light with a
lambda compensator wedge to enhance weak
birefringence. The incremental lines are often
obscured or fade out so that many counts must
be abandoned. Both bacterial and fungal de-
struction are seen, occasionally resulting in al-
most complete obliteration of the incremental
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lines. Work on cementum has highlighted a
factor that is of critical importance to paleode-
mography: poor bone preservation may make
histological and chemical age assessment less
valuable than morphological and radiological
age assessment in archaeological samples.

Casa da Moura is in a limestone area and the
deposits are therefore alkaline. While the
chemistry of such sediments normally pro-
motes tooth and bone preservation (Gordon
and Buikstra, 1981), it may also destroy colla-
gen (Protsch, 1986). Since the difference be-
tween annuli and their bounding resting lines
is that the resting lines have less collagen and
more mineral (Furseth and Mjgr, 1973), colla-
gen decomposition reduces the contrast be-
tween the two areas.

Literature on cementum diagenesis is mini-
mal (see Hillson, 1986: 157, for summary).
Sognnaes (1955) and Werelds (1961, 1962,
1967) report microbial damage in teeth and
Beeley and Lunt (1980) document the loss of
collagen and a decrease in the Ca/P ratio in
dentin. :

Mineralization increases with age (Fraysse
and Kerebel, 1982), so microradiography
rather than polarizing microscopy may assist in
visualizing adult cemental annuli. The tech-
nique has been used successfully on herbivore
teeth (Koike and Ohtaishi, 1985), but human
annuli may require magnifications above those
satisfactorily achieved with microradiographs.
The use of reflecting microscopy with acid
etched thick sections is now being attempted.

Root transparency and combined meth-
ods of age assessment. Gustafson (1950)
proposed a technique of dental age assessment
based on attrition, amount of root exposed
above the gingiva, cemental thickness, root re-
sorption, secondary dentin deposited in the
pulp cavity, and transparency of the root. Miles
(1963) tested root transparency on incisors
and reports a correlation of .73 with known
age. Philippas and Applebaum (1967, 1968)
discussed age-dependent variations in maxil-
lary lateral incisors and canines.

Burns and Maples (1976) warn that perio-
dontal disease, dental pathology, and diet may
alter the rate of dentin mineralization. Their
tests of Gustafson’s method give correlations of
.76 with real age. Maples (1978) showed that

Toot transparency was the best predictor of
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age, followed by secondary dentin, while mul-
tiple regression gives correlations with real
age of better than .90 in all teeth except the
first molars. The use of root transparency and
secondary dentin alone provides fairly high
correlations, especially for the central (.89)
and lateral incisors and the second molar
(.88).

Hillson (1986) and Costa (1986) provide
short reviews of methods that have been used
to observe root transparency, and Cook (1984 )
critically evaluates the work of Gustafson and
of Johanson (1971) and several of their succes-
sors. Kilian and VI¢ek (1989) summarize
Czech research on root transparency. Their
own work on the anterior teeth of 116 adults of
known age suggests that the relation between
dental biological age and chronological age is
linear in males, but not in females.

Although transparency of root dentin may be
altered during diagenesis (Vi¢ek and Mrklas,
1975), this author has observed transparency
in Neolithic maxillary canines. The distribu-
tion of transparency is similar to that described
by Philippas and Applebaum (1968), rather
than the simple advance of transparency from
the root tip to half way up the root; some au-
thors (e.g, Bang and Ramm, 1970) have
stressed the need to concentrate on the lower
root area.

On the basis of the literature summarized
above, the oldest tooth in our sample of sec-
tioned Portuguese canines is estimated to be
well over 80 years of age, and all ages for the
canine sample accord with the sequence of
wear levels established for the Portuguese Ne-
olithic. The combined method has potential
for archaeological age assessment, especially if
annulation counts are used in conjunction with
all other indicators. There is a need to define
which teeth are best used for both root trans-
parency and cemental annulation studies, tak-
ing into account that anterior teeth may be
more affected by trauma and nondietary func-
tions, and posterior teeth by pathology. Most
importantly, the effect of heavy attrition must
be studied (e.g., Neolithic canines display com-
plete infilling of the pulp chamber at an early
age), and tests must be undertaken to establish
whether age estimates are equally reliable in
populations in which dental attrition rates and
pathology differ.
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Cortical Bone Microstructure

Femoral cortical remodeling. Osteon
counting techniques are well summarized in
several review articles (Stout, 1989ab; Ube-
laker, 1986) and by Stout (this volume, Chap-
ter 3). Some tests on modern forensic and dis-
secting room material have shown formidable
accuracy: for example, Uytterschaut’s (1985)
test of the Ahlgqvist and Damsten (1969)
method produced a correlation with age of
959.

On the other hand, Bocquet-Appel et al.
(1980) had poor results from the Coimbra sam-
ple. Their best results (r =.7) were based on
the number of osteons and osteon fragments.
They hypothesize that their results may be dis-
appointing because they took 6-mm cores
slightly above, rather than at, the femoral mid-
shaft. However, the site of coring is within the
range of error likely to occur on incomplete
archaeological femora.

Lazenby (1984), finding both inadequate
sample sizes and bias in the reference samples,
doubts the accuracy of all cortical remodeling
age estimates. Others (Bouvier and Ubelaker,
1977; Stout, 1978; Stout and Gehlert, 1980)
have compared techniques, and their conclu-
sion that Kerley's technique (1965) provides
more accurate results is supported in part by
Drusini (1987). Pfeiffer’s (1985) analysis of
the Kleinburg Ossuary demonstrated that esti-
mates obtained by the Ahlqvist and Damsten
method differ from those obtained by the
Thompson (1979) method.

The Thompson method has been tested on
an independent sample, though still largely
from the same general population (forensic
cases in the United States) as the original ref-
erence group, and been analyzed by the same
researchers using the same microscopes: the
definition of the structures observed and the
optics involved are important considerations in
tests of histomorphological age assessment
techniques. In this test, Thompson (1981) and
Thompson and Gunness-Hey (1981) found a
correlation of .83 between real and estimated
age. However, only 54% of individuals were
placed in the correct 5-year age intervals, and
the resulting differences in demographic pa-
rameters are considerable. Moreover, Ameri-
cans, black or white, are more likely to be
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aged correctly than those representing dispar-
ate dietary regimes and/or environments.

Drusini ( 1987) has a number of criticisms of
the Thompson technique and found it inaccu-
rate in a test of Italian specimens. Similarly, the
correlations between real age and age esti-
mated by eight variables from the Thompson
technique are quite low (.75 in females and .58
in males) for middle-aged to elderly Japanese
(Narasaki, 1990).

Martin and colleagues (1981) argue that
many environmental factors affect cortical re-
modeling rates (see also Stout, this volume,
Chapter 2). Ericksen (1980), Richman and col-
leagues (1979), Thompson and Gunness-Hey
(1981), and Thompson and colleagues (1984)
have all reported population differences attrib-
uted to genetic and/or environmental factors
(see also Pfeiffer, 1980, and Stout and Sim-
mons, 1979). Stout (1983) implicates diet as a
major variable. It seems unlikely that the dif-
ferences between femora from Ledders (agri-
cultural) and Gibson and Ray (preagricultural)
can be attributed to differences in the age as-
sessment techniques used by Buikstra (1976),
but clarification is needed, since the bone for-
mation rates for Ledders are consonant with an
older age range. The differentiating factors for
femoral cortical remodeling could be as funda-
mental as the level of physical activity (Ube-
laker, 1974).

Consequently, the universal application of
regression formulas based on North American
forensic cases must be questioned. Ubelaker
(1986:246) has applied Kerley’s technique to
158 poor from the Dominican Republic and
has shown that “the rate of age change in the
San Domingo sample is somewhat different
from the sample used in the original Kerley
study.” Population differences may also explain
the unsatisfactory results in the Portuguese and
Italian analyses (Bocquet-Appel et al., 1980;
Drusini, 1987).

However, the problems are even more basic:
the recognition of forming and resorbing os-
teons, of cement lines, of osteon fragments,
even in some cases of the osteons themselves,
since bone histomorphology is not maintained
in all archaeological bone.

The histology of ancient bone has been stud-
ied by Baud (1987) and Garland and col-
leagues (Garland, 1987, 1989; Garland et al,,
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1987, 1988). Both have found that the attack
on bone by microorganisms is of major impor-
tance. Garland et al. (1987) state that 100% of
their sections contain exogenous material in
bone spaces and 73% of archaeological bone
may be destroyed by physical weathering or
(in most cases) by microbial activity.

Stout (Stout and Teitlebaum, 1976) studied
archaeological rib and found 39% of the Led-
ders sections were unreadable (Hanson and
Buikstra, 1987). Differential preservation of
the ribs of older and younger individuals must
be considered in this context. Only Masset
(1973) has considered differential preserva-
tion in any detail. Its importance has been
clearly stated by Boddington and colleagues
(1987: 4):

The more porous the bone and the less dense the
bone, the more susceptible it is to destruction. Po-
rosity and density are factors which depend upon
age, sex and health of the individual as well as vary-
ing between individual bones of the body. Hence,
the nature and rate of decay is as much a product of
the buried skeleton as the burial environment.

No research has focused on the relationship of
diagenesis and age at death (but see Walker et
al., 1988, on age-related preservation bias fa-
voring young adults).

Research on the effect of the burial environ-
ment has barely begun. Archaeological bone
may be exceptionally well preserved in dry
environments (Martin et al., 1981; Cook et al.,
1989), and perfect preservation is possible in
permafrost (Amy et al, 1986). Ubelaker
(1974) appears to have had a 100% success
rate sectioning precontact American ossuary
material, but well-preserved material is the ex-
ception, not the rule. Pfeiffer has made several
attempts at osteon counting methods of age
assessment. Her success rates ranged from
100% for a Late Archaic site (Pfeiffer, 1980),
through 27%—-37%, depending on the tech-
nique employed, for a late sixteenth century
site (Pfeiffer, 1985), to 11% for an early nine-
teenth century site (Pfeiffer, 1989). Black
(1979) abandoned cortical remodeling age as-
sessment after producing no readable thin sec-
tions. Samson and Branigan (1987) also aban-
doned the attempt to count osteons in favor of
quantifying porosity, as did Palmer (1987).
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Histomorphological age estimation has been
attempted on femora from Portuguese archae-
ological sites: two Mesolithic open-air estua-
rine middens dated 7929 and 7604 B.P. (cali-

brated weighted averages) and six Neolithic

sites dated 6877—4638 B.P. (Lubell and Jackes,
1988). The Neolithic sites include deep lime-
stone caves in the interior mountains and open
sandy caves near the coast. One additional sam-
ple comes from a medieval rock grave burial.

Results of cortical remodeling techniques
on the Portuguese sample. The Portuguese
femoral sections exhibit physical, chemical and
microbial destruction (Fig. 3). Unless thin sec-
tions are cleared with, for example, hydrogen
peroxide (xylene is of no value here, cf. Stout,
1989a: 43), structures appear to be obscured
by a dark granular congestion. In sections
where this granulation is pronounced, fluores-
cence is increased and birefringence under po-
larized light is markedly reduced. In some
cases, only a few birefringent areas can be dis-
cerned over a half section of femur. Histomor-
phology may be completely disrupted. While a
few “ghost” areas of lamellae may be seen,
most often near Haversian canals, the lamellae
are often discontinuous and disintegrate into
multiple circular or ovoid forms (Fig. 3A,B).
Hackett (1981) has called these forms
“lamellate foci,” since they lie roughly oriented
with the concentric lamellae surrounding the
Haversian canals. The foci are surrounded by
rims of bright (dense) reprecipitated bone
2—-5um wide (described by Hackett, 1981, as
“cuffs”). At high magnifications it can be seen
that within each larger focus there exist multi-
ple small foci each just under 1pum in diameter
(Fig. 3B). Lamellate foci are evidence that bone
has undergone bacterial attack (Jackes, 1990).

Material from the earliest site (Moita do Se-
bastiio) has been cleared with hydrogen per-
oxide, thus allowing observation in light mi-
croscopes. Of 31 sections, most show complete
destruction of the morphology; only six retain
any microstructure, and only in the midcortical
third. The four femora that retain the most
structure still have a great deal of lamellar
bone and the least endosteal porosity; the
mean number of empty spaces in the endosteal
third of these sections range from 5.83 to 7.00.
All other sections have a mean endosteal po-
rosity count of 7.25 to 13.25 (Palmer, 1987:
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150). Only these younger individuals allow ex-
amination of histomorphology and they could
not provide age estimates by techniques that
require examination of the periosteal third of a
section.

Even when morphology has been partially
maintained, the sections cannot be read. Ce-
ment lines do not show up clearly under trans-
mitted, polarized, or fluorescent light and at-
tempts at staining cement lines have been
unsuccessful. Reduced birefringence, particu-
larly of the outer lamellae of osteons, ensures
that osteon area and osteon fragments cannot
be observed accurately. In many sections every
space is filled with calcite (see Fig. 3A) derived
from the burial environment (Pate and Hutton,
1988). The calcite makes it impossible to ex-
amine the canal edges to see whether they are
forming or resorbing. Calcite commonly fills
cracks (Fig. 3A) that emanate from the peri-
osteal border, thus precluding periosteal os-
teon counts. Attempts to remove the calcite
with triammonium citrate result in almost com-
plete destruction of the bone within a few
hours.

It is no doubt valuable to continue research
into techniques of preparing bone samples and
observing microstructure. The extreme diffi-
culty of preparing thin sections of archaeo-
logical bone has suggested the use of several
alternatives, for example, reflected light mi-
croscopy (Bennike, 1990) and microradiogra-
phy (Boivin and Baud, 1984; Garland, 1989;
Stout and Simmons, 1979).

The reduced birefringence of osteons in ar-
chaeological specimens makes it impossible to
distinguish among the various types of osteons
visible under polarized light. Since the osteon
types may have some association with age, this
is particularly unfortunate for paleodemogra-
phers. But osteon type seems also to have a
relationship with mineralization (Martin and
Burr, 1989: 71), and degrees of mineralization
are picked up by microradiography. Older os-
teons will be more mineralized; younger indi-
viduals with a higher rate of remodeling will
have less mineralized osteons and older indi-
viduals with slower resorption and refilling
rates should have more mineralized osteons.
Detailed work on osteon types may help to
answer Lazenby’s major criticism, that by con-
sidering all osteons within a certain area, we
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Fig. 3. A: Backscattered electron image of an undecalcified embedded endosteal midfemoral
section from Cabecq da Arruda F, showing dessication cracks, calcite in spaces, and focal
destruction in the lower third of the picture. X 210. B: Backscattered electron image of the
midendosteal area of a femur from Caldeirao (P11/155), undecalcified and embedded, illus-
trating lamellate foci. 1,000 X.
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are including osteons formed years before,
with the result that “our mean value will be
more reflective of the younger age than of the
true age at death” (Lazenby, 1984: 99).

Bone Density, Porosity, and Bone
Mineral Content

Porosity of bone increases with age: there
are more Haversian canals (there are more os-
teons per square millimeter and the osteons
have a smaller area); the Haversian canal diam-
eters are larger; there are more resorption
spaces and incompletely refilled osteons, since
the resorptive and refilling phases are slower
in the elderly (Martin and Burr, 1989). But,
while the volume of bone (excluding spaces)
may decrease with age, the density and miner-
alization of bone may increase.

In archaeological bone, studies of porosity,
density, and mineralization are almost impos-
sible. Porosity has been studied in the Portu-
guese sample (Palmer, 1987) by fluorescing
microscopy, but backscattered electron imag-
ing demonstrates that not all calcite filled
spaces can be visualized under fluorescing
light. Image analysis with polarized light is pos-
sible, but calcite lies over bone as well as
within spaces (Fig. 3A). Microbial activity in-
troduces many false spaces into the bone that
are surrounded by reprecipitated bone of in-
creased density. Bone density values may be
falsified when calcite is present in bone spaces
and cannot be removed from a bone sample
without destroying it. The calculation of den-
sity, as weight/volume bone, is an element in
the Thompson technique, but it cannot be cal-
culated for a bone that has undergone decom-
position and in which many of the voids and
cracks are filled with extraneous minerals. Por-
tuguese midfemoral cortex samples have a
mean bone density of 1.51 (o = .38 n = 105
adults only), a value so low that it is unlikely to
be a reliable indicator of in vivo bone density.

Bone Chemistry

There are changes in bone chemistry with
age; a decrease of calcium, phosphate, and col-
lagen and an increase of carbonate (Beattie,
1982; Lengyel and Nemeskéri, 1965; Lengyel,
1978), but there is little possibility that age
trends can be discerned in archaeological
bone.
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Calcium and phosphorus. The Ca/P molar
ratio of human bone mineral is 1.67, although
microprobe analyses can show differences in
Ca/P ratios across a single osteon (Ortner and
von Endt, 1971). The ratio may be maintained
throughout life (Mellors et al., 1966), or may
increase after age 30 (Ascenzi, 1983). Devia-
tions from a Ca/P ratio of 1.67 in archaeologi-
cal bone can never be taken to indicate
changes in bone chemistry that have resulted
from age. Ratios in buried bone can be altered
markedly (Sillen, 1989; Acsidi and Nemeskéri,
1970: 136-137; Lengyel, 1978; Salomon and
Haas, 1967) and ratios in 1pum? areas of bone
reprecipitated by bacterial action are particu-
larly variable (Jackes, 1990).

It appears that bone apatite retains its chem-
ical composition after death, although crystals
may enlarge during diagenesis (Schoeninger et
al., 1989; Susini et al., 1987; Jackes, 1990). De-
spite this, analyses that are not pinpointed on a
few microns of bone will certainly find highly
altered bone chemistry, solubility, and crystal-
linity because of the occurrence of brushite
(Piepenbrink, 1986; Susini et al.,1987) and cal-
cite in dead bone, and because of carbonate
substitution.

Carbonate. Carbonates may substitute for
phosphates in bone apatite during life (Le-
Geros et al,, 1967), leading to altered crystal
forms and increased solubility: the bones of
the elderly will withstand diagenesis less well
than those of young individuals.

While carbonate levels in bone may be re-
lated to age at death, it seems unlikely that the
in vivo carbonate content of bone mineral
could be measured accurately. As discussed,
removal of diagenically introduced carbonates
with triammonium citrate in one test resulted
in the total destruction of samples. Baud
(1987) has summarized information on the
minerals that are formed by the reprecipitating
activities of bacteria. These minerals are prima-
rily calcite (i.e., pure CaCO;). Groundwater
carbonates may be added to bone carbonate
without the intervention of bacteria (Pate and
Hutton, 1988). At the same time, leaching in
the soil may lead to a loss of apatite carbonates
(Susini et al., 1987).

Collagen. Collagen is markedly reduced
from the time growth is complete. However,
collagen is also reduced in buried bone. The
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dense bright rims of lamellate foci lack colla-
gen (Jackes, 1990), presumably utilized by
bacteria. The mean percentage collagen of 22
Portuguese ribs sampled for stable isotope anal-
yses and radiocarbon dating is 5.4% (range
2%—10% ), compared with the 18%—20% ex-
pected in modern bones. Collagen levels are
reduced even in areas with low soil tempera-
tures (Nelson et al., 1986: 1945), and a loss of
at least 60% collagen seems general (Lengyel
and Nemeskéri, 1965; Lengyel, 1978; Pfeiffer,
1991).

Discussion. Bone decomposition depends
on the burial microenvironment, the tempera-
ture, the humidity, and the pH of the deposits.
Bone decomposition, as discussed above, also
depends on the age at death of the individual.
In spite of these considerations, Lengyel
(1968) assumes that all femora from one level
in a site will have equivalent bone decomposi-
tion, and that one can therefore reconstruct
population characteristics and interpret devia-
tions as individual differences, not diagenetic
alterations. Pfeiffer (1991), on the other hand,
has demonstrated the surprising variations in
preservation of same-sex, same-age individuals,
buried at the same time within one small and
homogeneous area.

Lengyel has attempted chemical age assess-
ment of 90 Mesolithic individuals from Vlasac
(Nemeskéri, 1978). The remains were seriated
on the basis of reduced phosphorus and in-
creased carbonate and the ages were estimated
by a regression formula that takes into account
the difference between the Vlasac mean values
and those of a sample of 700 autopsied individ-
uals. Chemical ages were compared with mor-
phological ages determined by Nemeskéri with
the following results: in 54% ages were within
the range of the morphological age; in 29.5%
ages were contradictory. The published results
do not allow us to determine which ages pro-
vided discrepant results.

Analyses of the micromorphology, density
and chemistry of archaeological bone must
start with the assumption that diagenesis has
occurred. The hope that histomorphology will
give us accurate age estimates for complete
samples from a large variety of archaeological
populations is vain; paleohistology and pa-
leochemistry will not give paleodemography a
new lease on life.
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AGE DISTRIBUTIONS BASED
ON DENTITION

Dental Wear

- Wear is age-dependent, although factors
such as type of diet and methods of food prep-
aration will control the rate of attrition. Fur-
thermore, wear is caused not only by the mas-
tication of food but by individual idiosyncrasies
(bruxism rather than age may determine attri-
tion rates among modern European and North
American adults) and by the use of teeth as
tools. The normal pattern and rate of wear may
be altered by malocclusion and pathology.

Opinions vary as to the importance of dental
wear in age determination. Blakely (1971: 44)
stated that “continued reliance on dental attri-
tion as an accessory means of age estimation is
a questionable practice,” in contrast to the
view that wear is “the best single indicator for
determining age at death” (Lovejoy et al,
1985a: 12). Some of the many schemas upon
which the observation of wear have been based
are reviewed in Costa (1986), Hillson (1986),
and Brothwell (1989). Seriation by dental wear
(e.g., Lovejoy, 1985) can be followed by anal-
ysis of wear gradients (see e.g., Miles, 1963,
1978) and estimates of chronological age.
Other researchers have developed quite differ-
ent techniques (Molnar et al., 1983a,b; McKee
and Molnar, 1988), which demonstrate, among
other things, that different techniques can lead
to different conclusions, for example with re-
gard to sex differences in rates and patterns of
wear.

Kieser and colleagues (1985) have shown
that wear follows a linear progression up to 39
years of age, and then slows down (see also
Hillson, 1986: 185). The fairly high correla-
tions with age discerned by Lovejoy and col-
leagues (1985a: 9, r =.7) in studies of samples
from the Todd Collection may result from the
age distributions of those samples (Fig. 2).
Molleson and Cohen ( 1990) demonstrated that
attrition stages do not represent a series
through which all dentitions pass in ordered
and steady sequence. In fact, they suggest that
the analysis of attrition stages produces under-
aging in archaeological samples. Testing of the
Brothwell system showed that, while early
stages are passed through rapidly, the later
stages last for many years of an individual’s life.
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Lubell and colleagues (1989) and Lubell and
Jackes (1988) have modified the dental wear
grading categories of Smith (1984 ); the modi-
fied wear stages allowed consistent coding
among three researchers. Nevertheless, the re-
sults of separate analyses of the Portuguese Me-
solithic lower molar wear stages are discourag-
ing. Attrition levels coded within a month of
the time when the original schema was drawn
up show no significant differences between ob-
servers. Observations made 1 year and 2 years
later give a clear indication that observers al-
tered criteria over time, yet the methods and
detailed written criteria for scoring remained
the same.

Other tests of interobserver and intraob-
server error have been undertaken on large
samples of loose upper and lower molars from
the Portuguese Neolithic ossuary cave site of
Casa da Moura. On the basis of random shifts of
significance and nonsignificance among sets of
teeth (from one molar to another, and from
side to side), it appears that intraobserver error
is as important as interobserver error. Even in
higher wear categories in which distinctions
were made on what seemed to be “objective”
criteria (pattern of dentin exposures) agree-
ment reached only around 50%.

All upper molars with no more than a pin-
point of dentin have now been further ob-
served under a microscope. This study showed
that even in the early stages of wear, when as-
sessments are based on fairly objective catego-
rizations (presence and absence of scratching,
polishing, facetting, blunting, pinpoint dentin
exposures), surprisingly little agreement is
reached.

Other Dental Observations and
Age Estimation

Attempts are under way to supplement wear
scores with metrical data to reduce the subjec-
tivity of wear assessment (Jackes, 1988).
Kieser and colleagues (1985) showed the rela-
tion of crown height, occlusal slope, and inter-
proximal facet width to age in a known age
population. Measurements of cusp height are
also possible ( Tomenchuk and Mayhall, 1979;
Molnar et al., 1983a), but cusp height is rapidly
reduced in archaeological populations, and var-
ious crown height measurements have proven
adequate in recent analyses.
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Cementoenamel junction height above
the alveolar margin (CE]J height). Tal (1984)
analyzed CEJ] heights on 100 mandibles of
known age and found that the mean differences
between the decades from those in their twen-
ties to those in their forties were significant.
Later age groups did not show significant dif-
ferences, perhaps because of tooth loss.

CEJ height has been recorded on the Portu-
guese Mesolithic dentitions (Jackes, 1988).
Three observers measured the CEJ height on
the same set of mandibles, and one intraob-
server test was carried out. Comparisons
among the measurements showed unexpected
lack of error. It appears that the CEJ height of
first molars can be measured with very little
error; but damage and periodontal disease will
reduce the sample size and the value of the
variable in some archaeological samples.

Occlusal angles and crown heights (Fig.
4A,D). Crown height measurements allow the
calculation of angles of wear by trigonometry
(Jackes, 1988). Two separate buccal height and
lingual height measurements of 879 upper mo-
lars have been made. Paired sample ¢ tests show
that significant differences exist, as might be
expected for surfaces with complex topogra-
phy, but interobserver measurement differ-
ences are reduced in measuring teeth in which
dentin is already exposed. Buccal measure-
ments are reliable (p = .806 n = 339), but
lingual measurement error remains significant.

Smith (1984) has shown the relationship of
the angle of wear (measured differently) to at-
trition grades, and work by Jackes (1988) has
also demonstrated the value of calculating the
angle of the occlusal surfaces of lower and
upper molars. The coefficients of variation of
angles are excessively high, even for the con-
trolled technique proposed here. The bucco-
lingual occlusal angle of the mesial cusps has
the lowest coefficient of variation on first
lower molars, and future work should perhaps
concentrate on the mesial half of lower molars.

Interproximal facets (Fig. 4C,E,F). Some
studies have utilized the form and/or width of
the interproximal facets (Hinton, 1982; Kieser
et al., 1985; Jackes, 1988). The metrical analy-
sis of interproximal facets has been empha-
sized in the Portuguese samples both because
the form of the contact area (straight, concave—
convex, or sinuous; Kieser et al., 1985; Whit-
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taker et al.,, 1987) may not be an error-free
observation and because work on loose molars
allows more detailed analysis. The height of
the facets is recorded as well as their width and
the midpoint depth of the facet below the oc-
clusal margin. In the expectation that facet
width on upper molars would be inaccurate,
. two sets of measurements were made by the
same individual, but the results of paired # tests
were nonsignificant (mesial width, p = .14;
distal width, p = 47; n = 879). A test on the
depth of facets below the occlusal surface, us-
ing 277 first lower molars, gave equivalent re-
sults.

Length/breadth ratio and crown area (Fig.
4B). Reduction in the mesiodistal diameter of
teeth is a result of interproximal wear (demon-
strated for the Casa da Moura loose lower mo-
lars; Jackes, 1988). Upper molars show the
same pattern (see also Mayhall, this volume,
Chapter 4, for a discussion of dental measure-
ment).

Tests on In Situ and Loose First Molars

A number of metrical variables can be used
with or without wear scores to assign molars to
categories. Of prime importance is the demon-
stration that variables can be grouped and that
intercorrelations between variable groups are
low. The lower molar variable groups gener-
ally sort out to express (1) the size and shape
of the mesial facet; ( 2) the size and shape of the
distal facet; (3) the buccolingual angles; (4)
the length—breadth ratio of the crown or the
crown area; (5) most crown and cusp heights
and the height of the CEJ above the alveolar
margin; and (6) the mesiodistal occlusal angles
and the mesial crown heights. Variables from

Fig. 4. Upper first molar metrical changes plotted
against a set of attrition scores. Sample (n = 113) con-
sists of molars with both interproximal facets and dentin
exposure. A: Buccolingual and mesiodistal occlusal
slope. B: Ratio of length to breadth of the molar crown.
C: Distance between the top of the facet and the oc-
clusal surface of the tooth changes as the tooth wears
down. D: Buccal and lingual crown heights. E: Shape of
the facet alters as the facet height is lost and breadth
increased. F: Interproximal facet area increases and
then decreases as crown height is lost.
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various groups can be combined in multivari-
ate analyses to test the wear categories.

Subjectively, it appeared that the wear levels
2 and 3 (Smith, 1984) as used in the Portu-
guese project were inadequate for the range of
wear at those levels, and this was confirmed
objectively by discriminant analysis using the
metrical variables defined above. It was dem-
onstrated that wear level 3 performed unsatis-
factorily; discriminant analysis indicated a low
level of correct predictions of membership in
wear level 3. Wear levels 2.5 and 3.5 were
therefore added to the wear scores.

By using the means of three trial scorings of
loose first lower molars as the grouping vari-
able, 65% correct classification by discrimi-
nant analysis was achieved; the result was an
improvement over the use of separate trial
scores. In this test, 99% of the discrimination
was achieved by the first two functions. The
first expressed the mean of the crown heights
at the four main molar cusps, the second the
area of the mesial interproximal facet, the third
the mesiodistal occlusal angle, and the fourth
the buccolingual occlusal angle; the ratio of
crown length to crown breadth weighed
heavily on the fifth canonical discriminant
function. Such analyses show that the wear of
enamel and exposure of dentin form but one
aspect of dental changes with increased age.
Since, furthermore, wear is subject to observer
error and the choice of factors defining a cer-
tain wear level is arbitrary, dental wear is not
an ideal variable. Less subtle problems also
arise: dental trauma and cupped wear (com-
monly over a millimeter deep in Neolithic
lower molars) may lead to overestimation of
attrition levels, and pathology may introduce
variation.

For all these reasons, observations of dental
wear should be balanced by the addition of
dental measurements. When analyzed by wear
categories, the coefficients of variation for
many of these measurements are excessively
high for biological data. Human dental wear
may be so variable that measurements have lit-
tle discriminating value, but it is more likely
that the wear categories used to group the
measurements are too coarse and inexact.

Cluster analysis (rather than analysis relying
only on wear levels) can provide clear group-
ings of upper molars (Fig. 5) and leads to re-
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Fig. 5. Clustering of Casa da Moura upper first molars in which dentin is exposed, based on
attrition score and three metrical variables (buccolingual angle, crown area, distal facet shape).

Symbols indicate different clusters.

duced coefficients of variation for most of the
metrical variables. However, the coefficients of
variation for the angles and the facet variables
remain beyond levels normally acceptable for
biological data, and care should be taken that
discrimination does not rely too heavily on
these variables.

Sorting Teeth Into Age Categories

First, the sequence of crown and root calci-
fication is identified (Moorrees et al., 1963;
Anderson et al., 1976; Trodden, 1982) in con-
junction with the early stages of occlusal wear
and the appearance of interproximal attrition.
Root formation scores are not error-free: tests
on upper molars have shown marked differ-
ences between observers. Agreements reached
only 47.6% (n = 84 incomplete roots, exclud-
ing cases considered broken in either or both
observation runs). Agreement was highest for
crown complete (59% ) and initial root forma-
tion (100% ), since these are the least subjec-
tive; but unequal sample sizes preclude valid
analysis of each formation score for error.

In teeth with complete roots, the progress of
occlusal wear and changes in the form of the
interproximal facets up to the wear stage at
which dentin is exposed are noted. Next,
changes in the crown dimensions and occlusal

angles, together with alterations in the inter-
proximal facets, are identified. This permits the
recognition of five levels of wear in which
there is more than minimal dentin exposure.

Summary on Dentition

Dental wear alone will not provide a high
correlation with real age (Kieser et al., 1985;
Kay and Cant, 1988). Wear stages are arbi-
trarily defined and subject to inter- and in-
traobserver error. Wear is not a linear progres-
sion or, rather, dental anthropologists have not
yet defined a series of wear stages that allows a
linear progression with age to be identified on
the basis of a large known-age, traditional diet
sample. The Miles method has been tested on
the known-age Lengua sample (Kieser et al,
1983), and although the correlation between
real age and estimated age was high for man-
dibular samples (low for maxillary teeth), age
estimates were less accurate in older adults
(after age 27).

Detailed studies of enamel wear and dentin
exposure, controlled by reference to cemental
annulation and combined- method age esti-
mates of individual teeth, and also incorporat-
ing analyses of metrical variables, may make
age estimates more accurate. Grouping denti-
tions on the basis of multivariate analyses may
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Fig. 6. Age-specific mortality curves for Finland, A.D. 1751 to 1868 based on data in Turpeinen
(1979). The average age-specific mortalities are plotted for those years in which the mortality
rates fell between 20 and 30, 30 and 40, 40 and 50, and 50 to 77.5.

well assist in assigning broad age categories that
would be of value in discerning trends in rates
of attrition and dental pathology. They may pro-
vide age categories for the study of cortical
width, porosity, and degenerative changes. But
the age estimates will not be accurate enough
for full paleodemographic studies, since attri-
tion is so strongly variable beyond young adult-
hood and paleodemographic analyses ideally
require that ages at death be accurately ascribed
to set 5-year age categories.

Furthermore, in populations with extreme
dental pathology (e.g., North American maize
agriculturalists), the dentition cannot be used
to estimate adult age. Premortem tooth loss
and high caries rates will make it impossible to
observe many teeth, and the wear on the re-
maining teeth will not fall into the standard
pattern. Similarly, in populations with extreme
wear and/or extensive use of the teeth for func-
tions other than eating, teeth will be worn too
rapidly to provide the possibility of age esti-
mations for older adults.

PALEODEMOGRAPHY

Paleodemography has been plagued by con-
troversy over the last decade. The basis of the
controversy is a very simple question: can an-

thropologists give accurate ages to the dead?
Those who defend paleodemography state that
the demographic curves generated by their
data are meaningful (Van Gerven and Armela-
gos, 1983; Greene et al., 1986; Piontek and We-
ber, 1986 ). Buikstra and Konigsberg (1985) ac-
knowledge that older adults may be underaged,
but maintain that adult g values (probability of
death curves) carry demographic information.
The basis of this statement is a principal com-
ponents analysis with unrotated component
scores, specifically the second principal com-
ponent, which explains only 18.5% of the total
variance and to which g, is the major contrib-
utor, that is, the probability of dying between
15 and 20 years of age.

Those who question the value of paleode-
mography state that the archaeological demo-
graphic parameters fall outside known values
or curves and thus must be determined by in-
accuracies in age assessment and biases in the
data (Bocquet-Appel and Masset, 1982, 1985;
Bocquet-Appel, 1986; Masset and Parzysz,
1985). Comparison of Figures 6 and 7 illus-
trates the point.

The age-specific mortality curves for Finland
between 1751 and 1868 ( Turpeinen, 1979) il-
lustrate that human mortality (even in periods
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Fig. 7. Comparison of age-specific mortality curves. A: Libben and Kulubnarti aged by Todd
pubic indicators smoothed on the basis of dental attrition scores. B: Uxbridge and Kleinburg
aged by the McKern and Stewart method for males and the Gilbert and McKern method for
females, and smoothed by equal distribution.
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of extreme distress in which the death rate far
exceeds the birth rate) follows curves of well-
defined shape (Fig. 6). This has been estab-
lished for all known human populations: al-
though infant deaths may be underregistered
and people may make errors in stating adult
ages, the overall pattern of human mortality is
clear (Coale and Demeny, 1966; United Na-
tions, 1982; Gage, 1990) and supported by the
findings of historical demographers.

Archaeological mortality, however, is differ-
ent. Figure 7A shows the smoothed age-specific
mortality curves derived from a Sudanese Nu-
bian medieval Christian cemetery, Kulubnarti
21-R-2 (Greene et al, 1986) and the Late
Woodland site of Libben in Ohio. Kulubnarti
and Libben were aged by the same methods:
major emphasis on Todd pubic indicators and
dental attrition (the use of the Todd-Brooks
method is confirmed by Greene et al., 1986:
197; Libben techniques are clearly stated in
Lovejoy et al., 1977: 292 and note 10, and fur-
ther outlined in later publications by the same
team of researchers showing that the pubis and
the dentition were most highly correlated with
each other and with the assessed ages). The
two curves are identical (G = 84,p = 3,7
df). Figure 7B shows the age-at-death distribu-
tions derived from two precontact Ontario Hu-
ron ossuaries (see Jackes, 1986, for details).
Both were given ages based on equal distribu-
tion of McKern—Stewart ages for males and
Gilbert—-McKern ages for females. Since Ux-
bridge showed a much higher level of skeletal
tuberculosis (Pfeiffer, 1984 ) than the later site,
Kleinburg (Jackes, 1977; Jackes, nd), identical
age-specific mortality curves in young adult-
hood are best explained by identical age esti-
mation techniques.

The Kleinburg curve is only one of a number
of possible curves. Different age-at-death distri-
butions will be generated by different treat-
ments of the same 100 pubes (see Jackes,
1985). Different curves again are based on a
sample of 112 femoral cores (Pfeiffer, 1984,
since the Kleinburg site is an ossuary it is im-
possible to compare directly between osteonal
and pubic ages or to use multifactorial age
techniques). There is no basis for assuming
that any curve best represents the true Klein-
burg mortality. It is only known that the shape
of the curve (whatever demographic parame-
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ter is used: age at death, probability of death,
age-specific mortality, and so on) is partly de-
termined by the “great unknown” of archaeo-
logical samples (the real age distribution) and
partly by the technique(s) of age assessment.

The discussion here has highlighted the dif-
ficulties surrounding paleodemography. What
hope is there for paleodemography?

Paleodemographic Comparisons
and Trends

Even in its heyday when no symposium was
complete without a paper on paleodemogra-
phy (e.g., Angel, 1968, 1969; Brothwell, 1971),
Angel argued that the most reliable basis for
comparison was a child:adult death ratio. Nev-
ertheless, life tables were increasingly used and
in 1973 model paleodemographic tables were
published (Weiss, 1973), which were intended
to expand fragmentary data. They were used
by Lovejoy and colleagues (1977) to calculate
age-specific birth rates based on the Libben life
expectancy and survivorship at age 15 (al-
though the accuracy of survivorship depends
on the completeness of the sample up to age
15). The Weiss tables are still used today (e.g.,
Corruccini et al., 1989).

There is little correspondence between the
Weiss tables and other model or historical data.
The lack of correspondence results from the
way in which the 72 tables were construct-
ed; the probability-of-death values fluctuate
slightly according to a fixed pattern between 0
and 14 years, but not thereafter, in each of the
nine tables per set of life expectancies at 15
years. The Weiss tables assume low mortality
in infants and young children and high adoles-
cent and early adult mortality—often charac-
teristics of biased or misaged samples. The
Weiss tables reflect this pattern simply because
they derive most importantly from archaeolog-
ical data. Predictive values calculated on the
basis of some Weiss tables lie beyond the range
of valid data, as determined by methods to be
discussed below.

Anthropologists have also attempted to
show trends by calculating either “the crude
mortality rate” or “the crude birth rate”: each
of these values is actually 1 divided by the av-
erage age at death (1/e,). The average age at
death can be calculated through the use of a
life table (as life expectancy at birth), or it can
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be derived by multiplying the number of dead
in each age category (e.g., 5.0-9.9 years) by
the midpoint of the age category (i.e., 7.5) and
then summing the resulting figures for all age
categories. The crude mortality or death rate,
le,, has been cited for comparative purposes
(Bass et al., 1971; Hassan, 1981; Owsley and
Bass, 1979; Ubelaker, 1974; Weiss, 1973).

As the crude birth rate, 1/e, has been used to
show trends through time (Sattenspiel and
Harpending, 1983). However, the high mortal-
ity level model life tables constructed by Coale
and Demeny (1966) show that 1/e, will pro-
vide an accurate crude birth rate only in pop-
ulations that are either near zero growth or in
decline. In populations with growth, 1/e, will
be higher than the birth rate.

Major Biases in Paleodemographic Data

Unfortunately, 1/e, cannot be used for com-
parative purposes, for it has a number of inbuilt
biases when derived from paleodemographic
samples. The first bias is widely recognized: in
many archaeological samples children, and es-
pecially infants (0—12 months), are not fully
represented (for a further discussion see Saun-
ders, this volume, Chapter 2). For North Amer-
ica, judging from the archaeological samples, it
seems probable that Arikara villagers of South
Dakota buried all infants or that most infants
have been recovered during excavation (Bass
et al, 1971; Owsley and Bass, 1979). At the
opposite end of the pole, Huron ossuaries in
southern Ontario provide fair certainty of com-
plete excavation of all individuals within the
sharply delimited burial area, but very few in-
fants seem to have been buried in the general
community burial area ( Thwaites, 1898, Vol.
10: 273; Saunders and Spence, 1986). It is true
that “changes in infant representation affect
only infant life table values and survivorship
values; life expectancy . . . [is] mathematically
unaffected” (Moore et al., 1975: 60). However,
life expectancy at birth (the demographic pa-
rameter on which comparison is usually based)
is strongly affected.

The second bias results from the fact that
average age at death (e,) depends on the rep-
resentation in older age categories. Assignment
of skeletons to these categories in an age dis-
tribution has been accomplished by using run-
ning averages or by extending curves to some
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chosen final age. This is no more than a choice,
one that is based on the preconceptions of the
anthropologist. Van Gerven and Armelagos
(1983), while contending that skeletal biolo-
gists can accurately estimate age from human
archaeological bone, state that it is impossible
to assign correct ages to those over 55 or so. By
this view, which is widely accepted by those
who use Todd or McKern and Stewart pubic
indicators, there is no way of knowing whether
the oldest individual in a group was 65 or 85.
Opinions on the longevity of archaeological
populations determine the final age category
chosen. Since the choice of final age is arbi-
trary, Howell (1973) is perfectly correct in ac-
cusing paleodemographers of employing “a
rubber yardstick.” Life tables that end at 50,
and in which the final age calculations are
made on the assumption that all people die by
55 have reduced mean age-at-death values.

A third source of error in the calculation of
the average age at death relates to the overall
accuracy of estimating age from skeletons of
individuals over the age of about 25, as dis-
cussed above. It is worth reemphasizing, since
even recent literature (e.g., Paine, 1989) ig-
nores the possibility of adult underaging and
assumes that deviation from model tables is a
result of cultural or postdepositional processes.

A fourth source of error can be identified in
the calculation of e, and thus of 1/e,. Not all
adult skeletons in an archaeological population
can be given an estimated age. Beyond the
statement that there are so many indeterminate
adults older than age 25 or so, there is nothing
to be done about estimating the age of a num-
ber of adults. Although there has been little
work on this subject, much of the evidence
covered in this chapter indicates that the older
individuals in a sample are most likely to be
given indeterminate age. Exclusion of these in-
dividuals from calculation of the average age at
death will naturally depress the average age at
death, giving the same result as does underrep-
resentation of adults. Such individuals have of-
ten been excluded from life table calculations.
Equal distribution over all age categories, and,
better yet, cumulative graphing, which is no
doubt the best method of redistribution, are
possible solutions. Distribution over adult age
groups proportionate to the percentage mem-
bership of each age category (Biraben, 1969;
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Asch, 1976) simply compounds age estimation
€rrors.

The literature has emphasized the problem
of infant underrepresentation, but in fact adult
underrepresentation is far more important.
Adults contribute more to the average age at
death than do young children. It would require
a 5D, value of 360 (that is, 360 children under
5 in a site) to equal the contribution of 20
adults in a “25—65" adult category, and if it
were a “25-75” category, 400 individuals of
0-5 years would be necessary. This is despite
the fact that early childhood deaths are here
taken to be equally distributed between 0 and
4.9 years, as compensation for infant underrep-
resentation. In the same way, adult deaths are
treated as though evenly distributed, to avoid
the problem of left or right skewing of adult
age-at-death distributions.

These four sources of error all have marked
effects on e, and thus militate against the use of
1/e, for comparative studies. Nevertheless,
comparison is vital to the study of paleodemog-
raphy. For example, an obvious question is
How were American indigenous mortality and
fertility rates altered by contact with Europe-
ans and with the infectious diseases of the Old
World? If this question cannot be answered on
the basis of methods presently used in paleo-
demography, then one must either admit pa-
leodemography to be a futile exercise (Boc-
quet-Appel and Masset, 1982), or work to
change the methods.

The recent emphasis on the value of fertility
rates (Sattenspiel and Harpending, 1983; Buik-
stra et al., 1986) must not be misconstrued to
suggest that sites should be compared by using
life table fertility rates (general or total fertil-
ity, or child:woman ratios). Sites at which in-
fant underrepresentation and adult age esti-
mate errors inflate the age classes between age
15 and age 45 (these are the age categories that
determine life table fertility rates) result in er-
roneous fertility rates. It is occasionally possi-
ble to demonstrate the errors by comparison
with ethnohistorical evidence. Jackes (1986)
showed that Ossossané, a postcontact Huron
site with a life table total fertility rate of 5.6
(total fertility = general fertility X 30), con-
tradicted the ethnohistorical evidence of fertil-
ity rates below 4.4 (see also Engelbrecht,
1987). Adjusting the life table for infant under-
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representation simply increases total fertility
to well over 6.0. Life table values (apart from
the g values) are too dependent upon infant
representation to be useful. Fertility estimates
are too dependent on correct age estimates of
females aged 15—45 to be considered.

Circumventing the Problems

There have been several proposals that avoid
the problem of the underrepresentation of
those below age 5 and the inaccurate aging of
adults. The first was that of Bocquet and Mas-
set (1977), who suggested that estimators
could overcome some paleodemographic
problems, specifically the estimator 5-14.99/
20+ (termed the Juvenile:Adult Ratio or JA;
Jackes, 1986). Jackes (1986, 1988) proposed
comparing pre- and postcontact mortality in
North America and the transition to horticul-
ture in Portugal by basing the analysis on child-
hood g values (mean childhood mortality or
MCM, the mean of sgqs, s¢,0, and 5gq,5). Al-
though the g values of a life table are markedly
affected by the representation of adults (i.e.,
indeterminate adults must be included in one
broad adult age category, say 25—65, if g values
are to be analyzed), they are not in any way
determined by infant representation. Mortality
based on g values (mortality quotients) from
age 1 to age 15 is equally valuable, but since
young children as well as infants may be un-
derrepresented in archaeological sites, ages 5—
25 are preferable.

MCM is highly correlated with the JA be-
cause both depend on the relative representa-
tion of those under and those over 20 in a bur-
ied population. Their correlation is .97, based
on 52 presumably unbiased archaeological
samples with n > 100, or .95 based on 17 sam-
ples from the literature on historical demogra-
phy (France, Switzerland, Quebec, Poland).
Model life table correlations (Coale and De-
meny, 1966) are .997 (the relationship is lin-
ear).

Buikstra and colleagues (1986) proposed
that the statistic 30 +/5 +, published by Coale
and Demeny (1966: 39), be used as an estimate
of fertility. This value does have good predic-
tive power but the question of the source of
adult age variations arises. Konigsberg and co-
workers (1989) have acknowledged that a de-
mographic parameter based on assignment of
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Fig. 8. Juvenile:Adult ratio plotted against mean childhood mortality for 60 archaeological
sites compared with data drawn from 17 historical life tables. Trends shown are those based
on Coale and Demeny (1966), West Model Life Tables 1-10, for populations that were de-
creasing, stationary, and increasing at low levels.

adult skeletal age to under 30 and over 30 cat-
egories is unsuitable for some sites and recom-
mend use of 20+/5+ in the future. The cor-
relation of MCM with log 20 +/5 + is —.99986,
the relationship being very slightly nonlinear.

The utility of the three proposed estimators
is judged on the basis of 18 Model West tables
from levels 1 to 10, for stationary, increasing

.01 (but only up to r = .01%), and declining pop-

ulations (Coale and Demeny, 1966), calculated
for pooled sexes (r = the crude birth rate mi-
nus the crude death rate = the rate of natural
increase ). For stationary populations JA is the
best predictor, correlated with log general fer-
tility at .9999 (general fertility calculated from
C, values: infants/half the population aged 15—
45 years). For increasing populations the best
predictor is MCM, which is correlated with log
general fertility at .9987. For declining popu-
lations the best predictor is log 20+/5+,
which is correlated with log general fertility at
—.9995. Overall, 20 +/5+ and MCM will give
equivalent results: » = .9970 with log general
fertility and log total fertility.

The conjoint use of MCM and JA has been
proposed (Jackes, 1986, 1988) because to-
gether they provide additional demographic in-
formation (Fig. 8). It can be seen which sites
fall far from the line and might be considered
biased in some way. For example, “high mor-

tality sites” may actually be those in which
there are more children than expected or
fewer adults than expected. Sites that fall high
on the line must be checked for possible
sources of bias: (1) preferential burial of chil-
dren, (2) incomplete excavation that has by-
passed an area of adult burial, (3) exclusion of
indeterminate adults from analysis. For exam-
ple, the abnormal g curve presented by Kulub-
narti 21-S-46 (Van Gerven et al., 1981) can be
brought closer to other paleodemographic data
simply by increasing the proportion of adults in
the site. But this and other extreme outliers
(beyond the range shown in Fig. 8: Kulubnarti
21-5-46,JA = 1.173 and Nea Nikomedia, JA =
.683) could also be checked for evidence of
extraordinarily rapid population increase. Anal-
yses have concentrated on low levels of popu-
lation increase, since extremely high rates of
increase have been considered unlikely (Has-
san, 1981).

High values may well represent populations
that are expanding; included within the high
value group of sites (JA above .3 and MCM
above .12 on Fig. 8) are some that could rep-
resent increasing populations (e.g., Schild and
Ledders; see Buikstra et al., 1986). Nevertheless,
high values are also characteristic of sites that
are known to have been in decline (Jackes,
1986).
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It is possible to distinguish increasing from
declining populations (and perhaps also biased
populations) by considering not simply the
level of childhood mortality, but the shape of
mortality. For example, clustering of samples
on the four q values from 5 to 20 indicates that
sites of populations under stress (Larson,
Grimsby: Jackes, 1983) may group separately
from increasing populations. In other words,
the shape of juvenile mortality quotient curves
(g curves) can be considered, as well as the
level of mortality, when one seeks to interpret
paleodemographic evidence (Jackes, 1988).

Carrier’s (1958) method of adjustment al-
lows the calculation of life tables for nonsta-
tionary populations, and for this purpose stan-
dardized life tables have been proposed
(Jackes, 1986; with figures published for r).
The figures used give r values approximating
those of Coale and Demeny (1966) very
closely. The correction for nonstationary pop-
ulations does not radically alter the shape of
the mortality curves; it simply increases the
calculated mortality quotients when r < 0
(population decline) and decreases the quo-
tients when r > 0 (population increase). With
an adjustment for population increase, the
shape of the curve is altered only slightly, but
the JA and MCM are reduced and a site like
Ledders, which falls above the regression line,
is brought to the line.

Ossossané, the Huron ossuary already re-
ferred to, provides good evidence for avoiding
the assumption that predictions of fertility will
be accurate once they have been adjusted for
the rate of natural increase. The Ossossané life
table (Katzenberg and White, 1979) total fer-
tility rate of 5.6 has already been shown to be
too high. If decline (r = —.005% ) is adjusted
for and total fertility predicted by regression
based on 20 +/5 +, the result is an impossible
8.5. It can only be assumed that the ossuary
does not contain all the dead. The addition of
150 adults to the life table would bring the JA
and MCM into line, at high mortality in a de-
clining population with a total fertility of 3.3.
The picture would then accord with ethnohis-
torical evidence, including the possibility that
not all adult males were buried in the ossuary.

It thus seems possible to determine whether
a site is biased or nonstationary, and adjust ac-
cordingly in calculating mortality and fertility
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TABLE 2. Crude Birth Rate (CBR) Estimates
for Barbados Slave Population

Basis for estimate® CBR SE
West 3, female, r = 0 40 —
Historical life table® 39.5 —_
MCM (log CBR): Historical 39.49 0.007
JA (linear): Historical 50.37 111
JA (log CBR): Historical 51.88 0.007
20+/5+ (log CBR): Historical 40.37 0.006
JA derived from skeletons® 24.2 0.006

*JA—Juvenile:Adult ratio; MCM—Mean childhood mortality.
PKonigsberg et al. (1989).
“Corruccini et al. (1989).

rates. Caution is necessary, however, since the
usefulness of the estimators themselves may be
limited. Masset and Parzysz (1985 ) have calcu-
lated the 33% confidence limits of JA (which
they confusingly call “r”) and have shown that,
even in cemeteries containing 1,000 individu-
als aged 5—14 and over 19 years, fertility esti-
mates cannot be considered accurate.

Corruccini and colleagues (1989) have
questioned fertility predictors of the type dis-
cussed above by comparison of Barbados slave
historical records with skeletal evidence. The
historical life table, as calculated by Konigs-
berg and colleagues (1989), gives a mean age
at death and MCM that are in general accord
with the pooled West level 3 at r = 0 age-
at-death distribution ( Table 2). The data pro-
vided by Corruccini and coworkers (1982,
1989) do not allow calculation of any values,
so this second example of paired skeletal and
ethnohistoric data cannot be analyzed. There
must be full publication of ages at death and
methods of age assessment to test bias in a
skeletal sample. However, it is possible to dem-
onstrate (Table 2) that estimators such as
MCM can be completely accurate and that the
Barbados skeletal series is probably incomplete
and a poor choice upon which to base a trial of
estimators.

SUMMARY

It has been shown that adult ages at death
cannot yet be estimated with satisfactory accu-
racy from skeletal data.

Estimates based on morphological and radio-
graphic methods do not appear to be reliable.
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Chemical methods, although hardly tried, are
probably too affected by diagenesis to be use-
ful unless very uneconomic methods of point
analysis are used. Histomorphology is possible
only for material from sites with exceptional
preservation.

On the other hand, it may be possible to
produce higher correlations with real age by
using a complex system based on dentition.
Attrition, although shown to be variable and
error-prone, can be made less subjective by the
addition of metrical variables. In combination
with histological techniques, teeth may pro-
vide age estimates where diagenesis, pathology,
and trauma are limited.

Although the accuracy of age estimation may
be improved, the degree of that accuracy will
almost always be an unknown. Tests on modern
samples cannot ensure accurate age assessment
of past populations whose environment and
life-style are imperfectly understood. Neverthe-
less, the minimum number of individuals count
(MNI) can be based on teeth and extremely
detailed analyses of sets of dentition of individ-
uals aged 525 years can be undertaken. On the
assumption that childhood age at death can be
accurately estimated, childhood mortality and
the proportion of children to adults in a cem-
etery sample can be used to assess the biases, to
suggest whether the population is nonstation-
ary, and to compare trends through time.

If the paleodemographic parameters dis-
cerned do not accord with model or historical
data, the accuracy of the paleodemographic
data should be questioned. One should not as-
sume that the human experience of mortality
and fertility has altered dramatically, from
place to place and time to time (Howell, 1976;
and see Roth, this volume, Chapter 10).

On the assumption that childhood mortality
levels reveal something about a population, and
that human mortality follows a discernible pat-
tern irrespective of place and time, research in
paleodemography can continue. But the limits
of paleodemography are clear. If those limits
are acknowledged, we can still trace human
mortality and fertility through time.
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