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RESUMEN

Hay cuatro aspectos de actualidad en paleodemografia: 1) los avances en el
conocimiento de la biologia del esqueleto han mejorado significativamente
nuestra habilidad para estimar los parametros demograficos en poblaciones
antiguas; 2) no todos los osarios deben utilizarse en la reconstruccién demo-
grifica, yaque este tipo de series no siempre permite desarrollarinvestigacién
paleodemogrifica; 3) la imposicién de los patrones modernos de mortalidad
en los estudios paleodemograficos es problemadtica, y 4) el mayor sesgo en pa-
leodemografia puede estar relacionado con los efectos de la migracién en
poblaciones prehistéricas consideradas como estacionarias.
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ABSTRACT

There are four current issues in paleodemography: 1) Recent advances in
skeletal biology have significantly improved our ability to estimate the demo-
graphic parameters of extinct populations; 2) Some ossuaries should not be
used for demographic reconstruction, and these collections have no bearing
on the feasibility of paleodemographic research; 3) The imposition of mo-
dern mortality patterns on those of paleodemography is problematic, and 4)
The greatest bias in paleodemography may involve the effects of departures
from demographic stationarity during prehistoric times.
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Two decades ago Bocquet-Appel and Masset (1982) raised a num-
ber of questions concerning the analysis of vital rates from skeleton-
based demographies. Since that time the field of paleodemography
has become almost as disputatious as some other areas of anthropo-
logy. However, this has resulted in constructive debates and timely re-
examinations of models and assumptions. Further critical review and
new research efforts in this area have increased dramatically, and have
moved paleodemography from the periphery to the forefront of pre-
historic studies (Roth, 1992).

Paleodemography is more than the study of mortality and
fertility of archaeological populations. It also includes the estimation
of the distribution, density, and age composition of prehistoric peo-
ples. It considers intrinsic rates of growth or decline, and it includes
migration and its age and sex structure as well. A comprehensive survey
of all these areas is beyond the scope of this paper, which is limited
to issues directly concerning the estimation of vital structures of extinct
populations from cemeteries. This paper addresses some of the sam-
pling problems in paleodemography and life table mortality sched-
ules and fertility in the context of stable population theory. It also
addresses the role of mortality models external to paleodemography
and offers an approach to the problem of unknown intrinsic rates of
growth in prehistory.

Space also precludes a discussion of recent views concerning
morbidity patterns in skeletal populations (Wood et al., 1992) or the
health status surrounding the adoption of agricultural systems (Cohen,
1997). At present, there remain limits to the inferences that can be
drawn from paleodemography, especially in the realm of rapid culture
change. However, archaeological populations offer a special and impor-
tant view of the biology, cultural evolution, and the basic demogra-
phy of extinct peoples which is not available from other fields of
anthropology.

SAMPLING PROBLEMS IN PALEODEMOGRAPHY
The demographic reconstruction of an extinct society is a sampling

process which may involve several potential sources of error. Aborigi-
nal inhumation practices, soil and other conditions of interment
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including subsequent disturbances of the burials, and the care and
skill of the excavators may all affect the representativeness of a
cemetery. It bears repeating that if “an unbiased, representative sam-
ple[...]cannot be assumed, further demographic analysis is not likely
to be productive” (Weiss, 1973: 58).

Certainly, burial customs associated with infanticide have skewed
many cemeteries (Scrimshaw, 1984; Saunders, 1992). Yet if the
practice of infanticide was restricted to such uncommon situations as
genetic defects, twinnings, and breach births there is little impact on
mortality profiles. Conditions which predispose cultures toward (typi-
cally female) infanticide for less immediate reasons include very
short interbirth intervals, high transport costs of infants over large
distances, and perceptions of the need to limit family size. In in-
stances of high reported frequencies of female infanticide, either the
habitats are extremely marginal or the males have far greater value
than females as economic providers or combatants (Divale & Harris,
1976; Scrimshaw, 1984). While it might be widely accepted that
infanticides were usually not buried with the rest of the population
(Saunders, 1992), it is important to note that skewed sex ratios
resulting from frequent female infanticide would be archaeologically
detectable.

In any case, such perinatal deaths may not be recovered even by
the most meticulous excavators, usually took place within a matter of
minutes of birth, and would suggest that paleodemographers alter
their definition of the radix by that amount of time. The most general
prevalences of infanticide in human populations, both living and
extinct, have proved to be difficult demographic parameters to
estimate. And although infanticide is by definition a condition of
mortality, it should be regarded by anthropological demographers as
a deliberate control over fertility. That is, removing it altogether
from the calculation of life expectancy at birth would make the
metric more reflective of the actual biological conditions of morta-
lity, and therefore, more utilitarian to population scientists across
the spectrum of human ecologies and cultures. In any event, paleo-
demographic reconstruction might include some provision for at
least low infanticide levels, not recovered by archaeologists.

There is also ethnographic evidence of the occasional killing of
the old and the infirm, but it is rare that these remains would have
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been treated in ways different from those of other adult decedents.
Any graves containing crippled, injured, or malformed elderly would
imply that efforts had been made to return all of that society’s
members to a common place of burial. Young adults, particularly
males, may have died violently or otherwise some distance from the
habitation/cemetery. A mixture of bundle burials (i.e., only crania
and assorted long bones) with articulated ones are further evidence
of such a general effort, since it indicates return of the kinsmen’s
“essential” remains to the cemetery.

There is little demography that can be inferred from scattered
or poorly preserved remains. Nor is it possible to usefully estimate the
levels of bias in preservation by age or sex for any given site, when it
is clear that some differential loss of skeletons has occurred (Gordon
& Buikstra, 1981). If a portion of a cemetery cannot be aged or sexed
owing to dissolution of calcified tissues, or if there is evidence of
carelessness in excavation and recovery, the value of that site to the
study of human demography is diminished by an unknown extent.

However, the general claims about the effect of differential
preservation by age or sex of bone remains on the field of paleo-
demography (Masset, 1973; Waldron, 1987; Walker et al., 1988;
Katzenberg, 1992; Jackes, 1992) are overstated. The potential for this
kind of bias may be obvious at once by simple inspection of the
integrity of the burial pits, articulations, and periosteal bone layers.
Bone and tooth survival is a function of mechanical displacement,
soil drainage, and especially pH (Gordon & Buikstra, 1981). Unfavo-
rable conditions cause the destruction or agitation of hard tissue
remains with such speed thatsites of moderate antiquity primarily fall
into two groups —those with demographically useful bone assem-
blages and those without. An intermediate site in which the human
remains are actually in the process of disappearing would probably
have such fragile contents that even the adult sample would be in
poor condition. Both Sundick (1978) and Saunders (1992) argue
that in such sites the hard evidence required to recognize and agea
subadult (primarily teeth) is preserved at least as well as the bones of
a robust adult skeleton. Nevertheless, there may be a need for some
added provision in the wake of moderate mechanical disturbances,
such as tree roots and rodents, so as to estimate accurately the pro-
portion of infants and very young children (Lovejoy et al., 1977). The
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issue of differential preservation of bone microstructure is no differ-
ent. Although there are instances of age-related preservation bias in
histomorphological data (Garland, 1987; Hanson & Buikstra, 1987),
the potential for bias should be recognizable, and therefore any
impact on the feasibility of paleodemographic inference is minor. In
nearlyall instancesitshould be readily apparent from the archaeological
data themselves which sites are useful to paleodemographers, and
which are not (but, see Jackes, 1992). Nor is the use of age distributions
from modern reference populations likely to overcome the deficien-
cies of inadequate archaeological recovery.

MORTALITY MODELS AND REFERENCE POPULATIONS

A compelling mathematical consistency in the pattern of adult mor-
tality by age has long been recognized, beginning with the work of
Benjamin Gompertz. Subsequent adjustments to Gompertz’ function
by William Makeham and Wilfred Perks were also confined to death
rates at higher ages. Karl Pearson offered a rather different family of
curves through the combination ofindependent normal distributions
pertaining to different periods of life. After World War II there was a
shift in approach away from functional graduations toward reference
sets of life tables (see Brass, 1971 for discussion). The primary purpose
of these was to supplement incomplete demographic data from
developing countries, especially those in tropical Africa.
Conventionally called “models” or “model] life tables,” such
reference tables are based on the same basic assumption that governs
mathematical models: that there is a limited number of dimensions
of variation to the shape of the “curve of deaths”. The best known
reference-set was developed at Princeton’s Office of Population Re-
search (Coale and Demeny, 1966; Coale et al., 1983), and was an ex-
tension of the earlier United Nations one-parameter series of the
1950’s. From 326 two-sex life tables of the 19th and 20th centuries,
there appeared to be four “families” of mortality profiles. For instan-
ce, life tables representing populations still in the grasp of the
European tuberculosis epidemic, such as Sweden in the late 19th
century, had distinctive patterns of adult mortality. These underlie
the “North” series of models. An “East” and a “South” pattern also
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emerged, depending on the relationship between early childhood
and late adult mortality. Finally, the “West” family took form as a
residual collection after the three other regions were removed. It has
become the regular choice in most anthropological applications.

Many anthropologists have used the Coale and Demeny models
—accessible by a continuum of either intrinsic growth rates or gross re-
productive rates— to examine and explain fundamental proces-
ses as they mightapply to pre-modern human populations (Sattenspiel
& Harpending, 1983; Gage, 1988; Horowitz et al., 1988; Konigsberg
et al., 1994; Dumond, 1997; Sullivan, 1997). However, others have
invoked the modern patterns of longevity in efforts to dismiss certain
archaeological populations from the study of human demography
altogether (Howell, 1982; Johansson & Horowitz, 1986; Milner et al.,
1989; Paine, 1989). Not only are the survivorship levels of most
skeleton-based demographies extremely low, but also their patterns
stand in marked contrast to the lowest survivorship levels of the West
family. Since by modern standards the levels of childhood mortality
in paleodemography are low relative to adult mortality levels, it has
been inferred by some that paleodemographic tables must be incor-
rect. Whether such conclusions are appropriate depends upon the
nature of the data on which the Coale and Demeny tables were based.
The historical mortality profiles which were chosen met several
criteria: 1) the data were derived from national populations with
both accurate censuses and continuous vital registration; 2) sexes
were treated separately; 3) no non-Europeans minorities were in-
cluded in tables of industrial nations, and 4) the populations had
experienced no major wars (Coale & Demeny, 1966). In this empiri-
cal collection very few populations (7%) pre-dated 1870, and of these
not one was from outside Europe.

Itis not generally appreciated that within this collection frequent
and large deviations from average patterns were observed in the
under-10 and over-60 age groups (Coale & Demeny, 1966: 12). This
is especially true for the underrepresented areas of middle-19th
century peasant Europe and in the underdeveloped countries in
Asia, Africa, and Latin America. Brass (1971) also examines many of
the profiles notused in the Regional set calculations, such as Mauritius
1942-1946 and Guyana 1945-1947, which had very high adult death
rates compared to those in childhood. He notes that “social and
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mortality/high fertility (with high growth), and every gradation in
between. The implications are important. From the archaeologist’s
point of view, what does the appearance of a “bottom-heavy” ce-
metery age pyramid from the period of early adoption of agriculture
imply? A moderate increase in fertility signaling the success of a
cultigen-based economy and a healthy population growth rate is one
possibility. Anotheris exactly the opposite: a considerable increase in
childhood mortality, population decline, and the nutritional limita-
tions of undiversified agricultural products. By itself, the cemetery
could be interpreted in either fashion, or more appropriately, in a
whole range of fashions.

Bennett (1973), Weiss (1973), and Moore et al., (1975) were the
first to provide archaeologists the practical means under stable
population theory for relating the age distribution of a cemetery to
a mortality profile through an intrinsic growth rate (r, the “Malthu-
sian parameter”). Weiss (1973) presented a means for calculating
both an age-specific fertility function and the population’s age
proportions, or pyramid. Muller (1997) provided a series of clear
applications. The problem is that there is no direct cemetery evidence for
fertility, age structure, or intrinsic growth rate. Therefore, in the language
of elementary algebra, paleodemography generally presents more
unknowns than equations, and an exact solution is not possible without
more information. That is, a given cemetery does not provide a solu-
tion in the sense of one demographic profile, but rather a conti-
nuum of solutions, each point of which contains a mortality level and
a fertility level, with an associated growth level. Associated with each
point on the mortality continuum is a life table, and although the
levels are free to vary their patterns are common, and determined by
the cemetery age distribution. Underlying the variation in fertility
level is also a common pattern, which is the archetypal human fertili-
ty curve.

Sattenspiel & Harpending (1983) studied variation in life ex-
pectancy and birthrate within several of the Coale and Demeny West
models and offered an interesting observation: For stable popula-
tions, the cemetery age distribution determines the birth rate but can
make no prediction of mortality. That is, mean age at death predicts
the reciprocal of the crude birth rate nearly exactly for all (humanly
possible) values of the intrinsic rate of growth, i.e., -1% <r < +4.0%
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per year. However, life expectancy at birth varies directly with the
growth rate. This means that the cemetery fixes the crude birth rate,
but both mortality and growth are not determined. Johansson &
Horowitz (1986) restated this and explore more closely the small
departures from linearity of the relationships between mean age and
life expectancy. Horowitz et al., (1988) showed that the closeness of
these approximations is limited to the kinds of conditions that only
paleodemographers examine, i.e., very low life expectancies.

If fertility is fixed, how can demographers choose a specific
mortality level on the continuum of solutions? Bennett’s (1973)
analysis of Point of Pines, Asch’s (1976) approach to Middle Wood-
land groups in the Lower Illinois Valley, and Muller’s (1997) models
for the dynamics of late prehistoric populations in the Eastern
Woodlands all argued for solutions —or ranges of solutions—based on
an hypothesized growth rate. However, archaeological support for a
single value is exceedingly difficult to find (Horowitz et al., 1988).

Life expectancy at birth (E,) is a function of mortality only. By
contrast, the crude birth rate (b) depends on age-specific fertilities,
the age structure of the population, and even the mortality function.
Recent work suggests that an hypothesized fertility (or restricted
range) be used to complete a demographic reconstruction whenever
the use of a growth rate is not feasible (Meindl et al., 2001). However,
as Sattenspiel & Harpending (1983) pointed out, the regression of b
onr or on any mortality variable is virtually horizontal. No numerical
solution could emerge from an hypothesized crude birth rate; more-
over, there is only one value of b possible for a given cemetery.

A different fertility measure, one that is stripped of any influ-
ence of maternal mortality or age structure, may be more appropri-
ate. The total fertility rate (TFR) is a measure of completed fertility
performance. The TFR represents the average number of live births
towomen who live to the end of the reproductive span (age 50 years),
calculated as the sum of the age-specific fertility rates (see Weiss,
1973). While this measure is sometimes unchanging with r, this is
only true in the vicinity of stationarity. It begins to increase geometri-
cally after growth rates exceed about a percent. Therefore, one
problem with this approach is that the only exact solutions possible
are high-growth solutions. Another problem is that the variance of
TFRvalues in natural fertility populations is very large (Wood, 1990).



688 R. S. MEINDL

An application of the above is an analysis of the Late-Archaic
Ward site cemetery in Kentucky (15McL11) for which was found a
mean age of death in the mid-20’s (Meindl et al., 1999). An hypothe-
sized value of TFR = 6.5 children determined both a new life ex-
pectancy in the mid-30’s and a nonzero growth rate of 2.5% (It was
assumed that only the periods of growth were represented in the
cemetery). A value of 2.5% per annum is high but not unusual for
well-censused primitive Amerindian populations of this century
(Weiss, 1975; Hill & Hurtado, 1996). Itis of interest that this analysis
corresponded to the consensus among Eastern Woodland archaeolo-
gists that the first population explosion in Kentucky took place in the
Late Archaic (Griffin, 1967; Jefferies, 1996).
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